
Altered ‘three-flash’ illusion in response to two light pulses in
schizophrenia

Dan Norton1, Dost Ongur1,2, Charles Stromeyer III3, and Yue Chen1,2

1McLean Hospital

2Harvard Medical School

3Harvard University

Abstract
Background—Disorganization is a core dysfunction in schizophrenia. Coherent thought and
behavior rely on the interactive neural responses to temporally discrete external events. Previous
studies have demonstrated that a single visual stimulus (event) is abnormally affected by another (as
in backward masking), but the integration (or ‘synthesis’) of temporally discrete events remains
largely unexplored in schizophrenia. We examined the perceived interaction of two elementary visual
events in schizophrenia patients, using a psychophysical approach.

Methods—Two brief, spatially-coincident foveal light pulses (5 msec) were presented with
different inter-stimulus intervals (ISIs). At ISIs around 100 msec, a substantial proportion of the light
pulse pairs was paradoxically perceived as three flashes, a known phenomenon in normal subjects.
The subjects reported the number of flashes perceived (‘one’, ‘two’ or ‘three’).

Results—Schizophrenia patients (n=28) reported fewer ‘three flashes’ than normal controls (n=26)
at the ISIs where ‘three flash’ reports were greatest in normal subjects (90 to 110 msec). On the other
hand, at longer ISIs (130–310 msec) patients reported ‘three flashes’ in more trials than did normal
subjects. The perception of three flashes in patients was correlated with certain aspects of clinical
status, including the positive and general subscales of the PANSS.

Discussion—The alteration of the ‘three-flash’ illusion in schizophrenia suggests that the synthesis
of discrete visual events is temporally ‘dilated’ or distorted, which might contribute to disorganized
thought and behavior.

Introduction
Disorganized thought and behavior are prevalent in schizophrenia. For normal behavior, one
must respond to a host of temporally discrete stimuli and integrate, or ‘synthesize’, the
responses to these stimuli. Alteration of this synthesis might cause a coherent flow of events
to become a barrage of more disjointed information. Studying the synthesis of temporally
disparate events may thus shed light on the pathophysiology of schizophrenia.
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Altered temporal processing of visual information in schizophrenia has been shown in studies
on visual backward masking [1,2] and temporal contrast detection [3–6]. These studies reveal
two general effects in schizophrenia. First, there is a reduced sensitivity for contrast detection
of temporally modulated stimuli. Second, there is temporal elongation in backward masking
—one measure of how one visual event is affected by a later, masking event. The present study
evaluated another type of temporal interaction in schizophrenia—the way in which two
equivalent temporally discrete events interact to yield a ‘synthesized’ perceptual response.

We measured the synthesized perceptual response to two temporally discrete visual events
(brief light pulses) in both patients and normal controls, and we compared this to the processing
of single visual events (temporal contrast detection). The results were evaluated in terms of
relevant clinical features.

We adopted the paradigm of Bowen (1989). Two supra-threshold, spatially-coincident light
pulses (5 msec) were presented to the fovea with varying inter-stimulus intervals (ISIs). For
ISIs around 100 msec the two pulses are regularly mis-perceived as three flashes by normal
subjects [7]. At this ISI, the ‘three-flash’ illusion occurs for 40–70% of the presentations.
According to Bowen, the ‘three-flash’ illusion represents the interaction (the linear sum) of the
multi-phase Impulse Response Functions (IRF) to each of the two flashes. The multi-phase
IRFs have at least three alternating (or ‘oscillating’) lobes of excitation and inhibition that allow
the perception of a third flash from only two pulse stimuli (see Figure 1 as well as Discussion
for further explanation). These IRFs and their summation likely occur in early stages of the
magnocellular pathway— a pathway largely responsible for temporal and motion detection
[7–9].

Methods
Subjects

Subjects were 28 patients with schizophrenia or schizoaffective disorder and 26 non-
psychiatric controls. Patients met criteria for schizophrenia or schizoaffective disorders based
on standardized interviews by independent clinicians using the SCID-IV [10] and all available
medical records. The schizophrenia group comprised inpatients from the Schizophrenia and
Bipolar Disorder Program at McLean Hospital (n=6) and outpatients treated at McLean
Hospital or local clinics (n=22). All were taking antipsychotic medication (mean
chlorpromazine (CPZ) equivalent was 537.2 mg (SD=358.1 mg)) [11,12]. Fifteen patients were
taking antidepressant medication, 7 were taking anti-anxiety medications, and 17 were taking
mood stabilizers. The patient group had mean PANSS [13] scores of 15.8 (SD=6.8), 13.6
(SD=5.9) and 29.4 (SD=10.6) for the positive, negative and general scales, respectively.
Average duration of illness was 18.0 years (SD=10.4 years). Normal healthy controls were
screened for axis-one disorders using an interview based on the SCID N/C [14]. Subjects from
both groups were excluded if they had history of brain injury or neurological disorders, a verbal
IQ [15] lower than 70, or any drug or alcohol abuse in the 6 months prior to the study. All
subjects signed informed consent in accordance with McLean Hospital’s IRB guidelines.
Clinical and demographic information are provided in Table 1. Patients and controls did not
differ in age or sex, the standard deviation for age in the patient sample, however, was smaller
than for controls. The two groups differed in education (t = 2.4, p = 0.02) and IQ (t = 2.3, p =
0.02).

Stimulus and Procedure
Perception of light pulse pairs—A diffuse red light emitting diode (LED) provided light
pulses. Subjects viewed the LED target in a weakly-illuminated room—fixation was guided
by the center of a small, circular neutral density filter placed over the LED. The target was a
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nearly uniform disc, subtending 17 min arc, with a peak luminance of 35 cd/m2. The LED has
extremely high temporal bandwidth and provides precisely controlled flashes. Such flashes
allow the visual events to be manipulated solely in the temporal domain. A Macintosh G3
computer controlled the presentation of the light pulses. For each trial, the light pulse was
presented twice, each for 5 msec, as in Bowen’s paradigm. The inter-stimulus interval (ISI) of
the two pulses ranged over 10 values (30, 70, 90, 110, 130, 150, 190, 230, 270 or 310 msec).
Each ISI had 10 trials. A total of 100 trials were presented in a quasi-random order across ISIs.

On each trial the subject was informed that they would see one, two, or three flashes, and was
asked to report the number of flashes they saw. The perceived number of flashes was the
dependent variable. Education and IQ scores, the only two demographic variables that differed
between groups, were used as covariates in analysis.

Contrast detection—Temporal contrast detection was also measured to provide an index
for processing of a single visual stimulus. The target was a sinusoidal grating (0.5 cycles per
degree) moving left or right at a temporal frequency of 0, 3, 6 or 12 Hz (or at a speed of 0, 6,
12 or 24 deg/sec). The stimulus field subtended 13 deg, at a mean luminance of 35 cd/m2. The
threshold was measured separately at each temporal frequency, using a two alternative forced-
choice staircase to determine the minimum contrast value for 79% accuracy. Each trial had
two temporal intervals for the target and a blank respectively, ordered randomly, and the task
was to judge which of the two intervals contained the target. The target and blank each lasted
300 msec, separated by a 500 msec gap. Contrast detection thresholds were converted to
contrast sensitivity (1/threshold).

Results
Perception of the light pulse pair

Perception of the ‘three-flash’ illusion occurred for schizophrenia patients (SZ) less frequently
at short ISIs (90 to110 msec) and more frequently at intermediate and long ISIs (130 to 310
msec) (Figure 2). A two way ANOVA was performed on the proportion of ‘three-flash’ trials,
using diagnosis and ISI as factors. The diagnosis X ISI interaction was significant (F = 2.94,
p = 0.002), indicating that the ‘three-flash’ illusion for SZ and NC peaked at different ISIs
(Figure 2a). There was a main effect for ISI (F = 13.97, p < 0.001), but not for diagnosis (F =
0.04, p = 0.85).

For the proportion of trials perceived as ‘one flash’, ANOVA with diagnosis and ISI as factors
showed main effects for ISI (F = 277.44, p < 0.001) and diagnosis (F = 8.01, p = 0.005). There
was also a trend towards a diagnosis X ISI interaction (F = 1.80, p = 0.07) (Figure 2b).

For the proportion of trials perceived as ‘two flashes’, there were significant effects for ISI
(F = 122.3, p < 0.001) and group (F = 6.4, p = 0.012) (Figure 2c). The interaction was
insignificant (F = 1.2, p = 0.29).

Contrast detection
Contrast sensitivities for SZ were lower than for NC across all temporal frequencies (0, 3, 6
and 12 Hz, Figure 3) —the group difference reached a statistically significant level (F = 18.1,
p < 0.001). There was also a main effect for temporal frequency (F = 36.2, p < 0.001), but the
interaction between group and temporal frequency was not significant (F = 1.6, p = 0.18).

Relationship between ‘three-flash’ illusion and other variables
Visual variables—Table 2 shows correlation coefficients between the ‘three-flash’ illusion
at peak ISIs (90 msec for NC, and 130 msec for SZ) and contrast sensitivity in patients and

Norton et al. Page 3

Schizophr Res. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



controls. Although none of the correlations were significant, normal controls approached
significance for temporal frequencies of 6 (r = 0.36, p = 0.08) and 12 Hz (r = 0.38, p = 0.07).
Patients showed such a pattern at 12 Hz (r = 0.30, p = 0.14).

Demographic variables—Table 3 shows correlation coefficients between the ‘three-flash’
illusion and several demographic variables. In normal controls, the prevalence of the ‘three-
flash’ illusion was not significantly correlated with IQ, education, parental education or age.
In patients, the ‘three-flash’ illusion was correlated with age (r = −0.51, p < 0.01 at 90 msec,
r = −0.41, p < 0.05 at 130 msec), but not with IQ, education or parental education.

Clinical variables—The prevalence of the ‘three-flash’ illusion in patients at 130 msec was
correlated with positive (r = 0.65, p < 0.001) and general (r = 0.64, p < 0.001) subscales of the
PANSS. To a lesser extent, the negative subscale of the PANSS was also correlated with the
‘three-flash’ illusion measure at 130 msec (r = 0.46, p < 0.05). To evaluate the relationship
between the ‘three-flash’ illusion and clinical disorganization, we used a cluster score
composed of three PANSS items (Conceptual Disorganization, Difficulty in Abstract Thinking
and Disorientation [16]). The cluster score was correlated with the perceptual measure at the
130 msec ISI (r = 0.58, p < 0.01) but not at the 90msec one (r = 0.25, p > 0.10).

Neither CPZ equivalents (r = 0.17) nor illness duration (r = −0.18) were correlated with the
‘three-flash’ illusion at 130 msec. We also compared the three flash illusion in the presence
versus the absence of other drugs (antidepressant, anti-anxiety and mood stabilizing
medications) across ISIs; each drug by a separate ANOVA. No medication group effects or
interactions were significant (p > 0.05).

Discussion
We observed that the perceptual response to two simple visual events (light pulses) was altered
in schizophrenia. The perception of the ‘three-flash’ illusion, typically occurring for ISI’s near
100 msec in healthy subjects, shifted to longer intervals in patients. At longer intervals (beyond
110 msec), patients perceived three flashes more frequently, and two flashes less frequently.
Also, patients perceived one flash more frequently than controls at intervals from 90 to 130
msec. This pattern of results suggests that the underlying temporal impulse response function
is prolonged (or ‘dilated’) in schizophrenia.

Temporal interactions
The temporal interactions that give rise to the ‘three-flash’ illusion likely begin at the
magnocellular ganglion cells of the retina and lateral geniculate nucleus of the thalamus (LGN)
[8,9]. The magnocellular pathway largely mediates temporal and motion processing, and this
pathway is affected by contrast gain control [8,9]. Contrast gain control is manifested as a
speeding-up of the IRF (and temporal processing) as stimulus contrast is raised in the
magnocellular system [reviewed in 8].

The perception of the ‘three-flash’ illusion (with the double-pulse stimulus) requires that the
IRF has at least three phases of alternating excitation and inhibition—modeled by a dampened
sine function [7] (Figure 1). The perceived number of flashes is predicted by the sum of a tri-
phasic [7] IRF to each of the two light pulses. This sum depends on the magnitude of each IRF
(controlled by flash intensity) and the delay between the two IRFs (controlled by ISI). The
perception of the third flash arises (at the appropriate ISI) by a linear summation between the
third positive, excitatory lobe of the first IRF (from the first pulse) and the second excitatory
lobe of the second IRF (from the second pulse). It is the ‘ringing’ of the extra lobes that results
in the perception of the extra flash.
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In schizophrenia the ‘three-flash’ illusion (Figure 2a) was reduced at briefer ISIs and increased
at longer ISIs (compared to normal subjects). This shift of the illusion to longer intervals could
be explained by a temporal dilation of the IRF in schizophrenia. Such dilation would cause the
summation of the second and high-order phases of the responses to be delayed accordingly,
causing the ‘three-flash’ illusion to shift to longer ISIs.

The prolongation of the IRF in schizophrenia is consistent with earlier results on backward
masking [17,18], for the patients there also required a longer temporal separation between mask
and target to elicit optimal backward masking. The main difference between the two types of
studies is that the backward masking studies examined the effect of a large mask on a
subsequent different stimulus whereas the present study examined simple interactions of two
virtually identical stimuli (equal pulses). The pulse interaction, occurring at the exactly same
spatial location and with no cognitive demands (such as object recognition), may be much
simpler to interpret, as shown by the simple linear summation model in Figure 1.

Temporal interaction and processing of individual stimuli
In the present study, temporal contrast sensitivity was measured as an index of visual processing
of individual stimuli. Temporal contrast sensitivity was reduced in schizophrenia patients
(Figure 3). The reduced contrast sensitivity might indicate that contrast gain control is reduced
in the magnocellular pathway for these patients, and this might lead to dilated IRFs (since
contrast gain acts to speed-up the IRF [9]). Reduced contrast sensitivity at low temporal
frequency could be consistent with the dysfunction in the parvocellular pathway. Yet neither
group showed any correlation between the ‘three-flash’ illusion and contrast sensitivity for the
static gratings (0 Hz) (Table 2). On the other hand, the three flash illusion was modestly
correlated contrast sensitivity at intermediate and high temporal frequencies in controls, and
to a lesser degree in patients. This may hint at an association of the altered temporal interaction
with the functioning of the magnocellular pathway, but less so with the parvocellular pathway
[19,20]. However, the relatively small magnitudes of the correlations between the ‘three-flash’
illusion and contrast sensitivity suggest that the altered ‘three-flash’ illusion cannot be solely
attributed to the processing of individual stimuli within the magnocellular pathway.

The role of the magnocellular pathway in schizophrenia is complex [21–23]. Adding to this
complexity are the inherent attentional demands involved in behavioral assessment of visual
functioning [24]. The impaired ability to attend to behavioral tasks in schizophrenia patients
[25,26] could be a factor for the altered temporal interaction studied here. However, the ‘three-
flash’ illusion in patients is not universally dampened or amplified across conditions, rather it
is shifted to specific temporal intervals. The temporal-interval-specific result cannot be easily
reconciled with the attention interpretation, which would likely alter the ‘three-flash’ illusion
across temporal intervals.

Temporal interaction and clinical manifestations
Altered temporal interactions of simple visual responses may give rise to more complex
disorganized behavior. In the present study, the ‘three-flash’ illusion was correlated with the
positive and general subscales of the PANSS (Table 3) —but was less correlated with the
negative subscale. Also, the cluster score used to measure clinical disorganization was
significantly and positively correlated with the ‘three-flash’ illusion at 130 msec, but not at 90
msec. This pattern of correlations suggests that those patients whose ‘three-flash’ illusion had
migrated to longer stimulus intervals exhibit more positive symptoms such as clinical
disorganization. No causal link can be drawn from the correlations between altered temporal
interactions and clinical measures of disorganization. Yet, since the temporal processing in the
‘three-flash’ illusion occurs early on in the visual stream, it is reasonable to speculate that
altered temporal interaction at the sensory stage contributes to higher order cognitive
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disorganization such as Difficulty in Abstract Thinking and Conceptual Disorganization. It is
worth noting that in previous studies, backward masking performance was not correlated with
clinical symptoms in patients [27,28]. Clearly, more studies are needed to better determine
what visual measures are related to disorganized symptomatology.

Further studies
One area for future studies should be the characterization of physiological correlates of
temporal response functions and the interaction between them. While some evidence suggests
neuronal number and volume are not altered in early visual areas such as LGN [29],
electrophysiological studies would provide complementary information about neural
organization of temporally discrete events in schizophrenia.

Another unanswered question concerns how the altered temporal processing in schizophrenia
is related to other visual and cognitive processes requiring temporal organization [30–36].
Many cognitive activities such as reading [37] and language processing [38] depend on
organization of events that occur at different points of time. It is conceivable that the sensory
temporal interaction studied here may contribute to poor performance in such common
activities.

Summary
Our study demonstrated that the synthesis of temporal interaction is lengthened in
schizophrenia, as measured by the ‘three-flash illusion’. This perceptual abnormality may be
partially linked to the patients’ decreased contrast sensitivity for temporal modulation. The
altered ‘three-flash illusion’ represents a genuine abnormality of temporal organization at the
basic sensory level. Future studies in schizophrenia may reveal whether these temporal
alterations affect other cognitive activities requiring temporal processing.
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Figure 1.
Model of the neural response to single light flashes (top and middle panels) and their linear
sum (bottom panels) —adopted from Bowen [7]. The horizontal dashed lines represent the
hypothetical threshold that must be exceeded for perceiving a flash—as in Bowen. a. The top
left panel shows the response to a single light pulse presented at time t0. The middle left panel
shows the neural response to the second pulse, presented at time t1, (greater than ~100 msec
after t0). The bottom left panel is the summed responses for the pair of pulses— at this ISI, two
flashes are perceived. b. The right panels show the same schema, but the second flash occurs
at t2, about 100 msec after t0, leading to a peak to peak summation of the two IRFs, — now
three flashes are perceived.
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Figure 2.
Perception of pulse pairs. a. The proportion of trials perceived as ‘three flashes’ at varying
inter-stimulus intervals ISIs. b. The proportion of trials perceived as ‘two flashes’, and c. the
proportion of trials perceived as ‘one flash’. In all panels, error bars represent ±1 standard error.
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Figure 3.
Contrast sensitivity (inverse of contrast detection threshold) as a function of temporal
frequency. The visual target was a sinusoidal grating (0.5 cycles per degree) moving at different
velocities (0 to 24 degrees per second), or equivalently modulating at different temporal
frequencies (0 to 12 Hz). The error bars represent ±1 standard error.
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Table 2
Correlations between perception of ‘three flashes’ and contrast sensitivity

Contrast detection temporal frequency 0 Hz 3 Hz 6 Hz 12 HzGroup (ISI)
SZ (90ms) −0.15 −0.22 0.13 0.30
SZ (130ms) −0.15 −0.02 0.01 0.05
NC (90ms) 0.03 −0.08 0.36 0.38
NC (130ms) −0.11 −0.08 0.34 0.37
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Table 3
Correlations between demographic variables and the perception of the ‘three flashes’

Demographic variable Verbal IQ Education Parental Education AgeGroup (ISI)
SZ (90ms) −0.14 0.05 0.13 −0.51*
SZ (130ms) −0.29 −0.23 0.05 −0.41*
NC (90ms) −0.03 −0.30 0.14 −0.22
NC (130ms) 0.13 −0.16 0.27 −0.30

Asterisk denotes p < 0.05.
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