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Abstract. We investigated whether visual selective attention contributes to the
reversals of phenomenal appearance that characterize multi-stable displays. We
employed a rotating-ring display that reverses appearance only at certain phases
of its rotation (i.e., when in full-frontal view). During this critical window of
time, observers were required to perform a shape discrimination task, thus
diverting attention from the rotating ring. Our results showed that perceptual
reversals were neither stopped nor slowed by this manipulation. In contrast, in-
terrupting the display during the critical times increased the frequency of per-
ceptual alternations significantly. Our results go beyond earlier findings that
sustained withdrawal of attention slows, but does not stop, perceptual reversals.
Accordingly, the available evidence strongly suggests that visual selective at-
tention plays no causal role in multi-stable perception.
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1 Introduction

When faced with ambiguous input, the visual system switches spontaneously between
alternative interpretations. Although first scientific study of multi-stable perception
was performed nearly two centuries ago [1], the mechanisms behind phenomenal
alternations are still not fully understood. One theory, which was the first theory to
have been put forward historically and which retains many adherents to this day, is
that reversals of phenomenal appearance simply reflect shifts of visual selective atten-
tion [2,3]. Indeed, considerable evidence has accumulated over the years that both
endogenous [4,5] and exogenous [6,7] manipulations of visual attention profoundly
modulate the dynamics of multi-stable appearance. In addition, studies with func-
tional imaging and neurophysiological techniques find consistently that reversals of
phenomenal appearance are accompanied by activity in parietal and frontal cortical
areas that are associated with visual attention and working memory (for a review, see
[8]). However, it seems equally possible that visual attention triggers reversals or that
reversals attract attention, so that the causal relation between attention and reversals
remains unclear.
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Several studies have addressed this issue with dual-task paradigms, requiring
observers to attend to a demanding discrimination task while also reporting on the
phenomenal appearance of a multi-stable display [9,10,11]. Such a sustained and
partial withdrawal of attention from multi-stable display significantly slows the pace
of phenomenal reversals but fails to eliminate them. In fact, withdrawing attention has
a similar effect as reducing stimulus intensity [10,11]. Other studies have attempted to
withdraw attention completely from multi-stable displays by requiring observers to
report only (or mostly) on the attention-engaging task. To monitor phenomenal a
ppearance, these studies either relied on occasional observer reports [11] or on
physiological correlates of the dominant percept such as eye movements [12] or EEG
modulations [13]. The former two studies found that, in the absence of visual atten-
tion, phenomenal reversals continued, while the latter study seems to suggest that
reversals may cease altogether.

To further investigate the causal role of visual attention in multi-stable perception,
we have devised a modified version of the kinetic-depth display. The phenomenal
appearance (rotation in depth) of this display reverses almost exclusively at a particu-
lar phase of the rotation, specifically, when the stimulus is in full-frontal view. To
document this, we performed a control experiment in which observers reported phe-
nomenal reversals together with the position of a “indicator dot” a the moment of
reversal. (The “indicator dot” revolved around the display like the second hand of an
analog clock.) All subjects reported reversals to occur shortly after the rotating ring
passed the 0° (“full-frontal”) orientation (Fig. 1A, mean switch time 29+5 ms). 98%
of switches occurred within +150 ms of 0° orientation. Taking decisional bias into
account [14], it seems likely that the vast majority of reversals occurred within this
critical window of time.
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Fig. 1. A) Distribution of the reported switch times relative to the 0° (full-frontal view) orienta-
tion of the ring (time 0). Solid line shows mean of the distribution. B) Schematic procedure of
the experiment. An ambiguously rotating ring was presented continuously but observers were
prompted by an auditory signal (top row, filled icon) to report the direction of rotation only
once a second. An attention-demanding letters task was presented for 300 ms and observers
were prompted by an auditory single (top row, open icon) to report whether or not all letters
were identical. For single task conditions observers were prompted to report only on one task.

In contrast with previous studies, which kept sustained attention on the central task
for the entire duration of the block, we engaged attention only intermittently, specifi-
cally, for 300 ms around the 0° orientation ([-150...150 ms], 15% of total rotation
time, see Fig. 1B). If visual attention is required to trigger a phenomenal reversal,
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then withdrawing it from the rotating ring during the critical windows of time should
stabilize phenomenal appearance and reduce the number of reversals. On the other
hand, if withdrawing attention modulates merely the effective contrast of the display,
we would expect at most a minor (<10%) decrease of the reversal rate [11].

2 Results

To ensure that all attention was directed away from the rotating ring, we have used a
letter discrimination task, which has been shown to be highly attention demanding
[15,16]. Observers were prompted by an auditory signal to respond whether all letters
in the array were the same (Fig. 2B). They were also prompted, by a different tone, to
respond on the ring's direction of rotation then ring was around 90° orientation. This
ensured that observers payed attention exclusively to one task at a time, rather than
splitting attention. In single task conditions observers responded to one of the tasks,
while in the dual task situation they responded to each task in turn.
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Fig. 2. Results. A) Central task average block performance for single and dual tasks, and aver-
age performance only during trials with a reported perceptual switch (dual task condition only,
mean +95% confidence interval). B) Mean dominance duration for single task, dual task and
vanish condition. Durations are normalized to the mean dominance duration during single task
condition of the session.

Observer's performance on the central task shows that they paid full attention to the
central task in the dual task condition (Fig. 2A). Critically, there is no evidence that
switches occurred only when observers failed to focus their attention on letters: their
performance on trials with reported switches is not significantly different from their
single task performance (binomial distribution, p= 0.93).

In contrast with previous studies, which observed slowing down of perceptual al-
ternations if attention was withdrawn for the entire block duration, we find no signifi-
cant increase in mean dominance duration during the dual task condition (see Fig. 2,
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increase of 4.3%, Wilcoxon ranksum test, p= 0.16). We have also examined whether
absence of attention on multi-stable displays is equivalent to its physical absence. In a
control condition (vanish) rotating ring was removed from the screen during the cen-
tral task target array presentation. Unlike withdrawal of attention, physical absence
caused a significant increase of the alternation rate: mean dominance duration was
smaller by 21% compared to the single task (Wilcoxon ranksum test p<0.001 then
comparing with both single and dual task conditions).

3 Discussion

In the present study, we have examined the effect of withdrawing attention during the
critical windows of time in which an ambiguously rotating ring may reverse its phe-
nomenal appearance. Unlike previous studies, which found that sustained withdrawal
of attention slows down the pace of phenomenal reversals, we observed that the in-
termittent withdrawal of attention had only a minor and non-significant effect on
multi-stable dynamics (4.3% fewer reversals). This essentially negative result was
obtained in spite of the well-documented effectiveness of the attention-engaging task
[15,16]. This marginal and non-significant reduction in the number of reversals is
consistent with the idea that withdrawing attention merely reduces the effective con-
trast of the display. On the basis of previous results [11], we estimated that a reduc-
tion of effective contrast should decrease the number of reversals by than 10%. A
physical interruption of the stimulus produces a very different effect and increases the
number of reversals by 21 %, consistent with previous observations [17].

In a recent preliminary report [13], Zhang and colleagues employed frequency-
tagging to monitor the phenomenal appearance of a multi-stable display by way of
evoked scalp-potentials (EEG). They report that, when visual attention was withdrawn
from the display, the frequency-tagging failed and that it was no longer possible to
establish a dominant percept. From this the authors infer that neither percept dominated
phenomenal appearance and that perceptual reversals ceased. However, other interpre-
tations are possible as well. For example, withdrawing attention may have reduced
effective contrast (and the amplitude of scalp potentials) to the point that phenomenal
appearance could no longer be monitored in this way. Alternatively, as mentioned
above, attention acts as an “effective contrast”, boosting strength of the underlying
neural responses [18,19]. Its withdrawal would decrease response amplitudes, particu-
larly in the presence of a central task [20]. This reduction could render the display
simply too weak to induce binocular rivalry, which is well known to require medium to
high contrast [21]. Yet another possibility is that the flickering presentation required
for frequency modulation could have rendered the display more prone to fusion. Ac-
cordingly, it remains to be seen whether this intriguing finding with an exotic display
[13] can be generalized to more prototypical multi-stable situations.

We find that withdrawing attention intermittently during the time of phenomenal
reversals has essentially no effect on the time course of multi-stable perception. This
observation confirms and extends the conclusion of several earlier studies, which
suggest that attention merely modulates the effective contrast of the stimulus without
taking any causal part in perceptual reversals. We concluded that perceptual reversals
are spontaneous and do not require prompting by visual attention.
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4 Methods

Three participants (including second author) took part in the experiment. Procedures
were approved by the medical ethics board of the University of Magdeburg and in-
formed consent was obtained from all observers. Stimuli were displayed on a 21”
CRT screen: 1600x1200 pixels, 100 Hz refresh rate, viewing distance was 70 cm.

Ring stimulus (diameter 12.5°, rotation speed 0.25Hz) consisted an orthographic
projection of 2000 dots (diameter 0.2°) on the surface of the ring. Observers were
prompted by a low frequency tone auditory signal (200 ms before ring reached posi-
tion then it is orthogonal to the viewer) to report with a right hand its direction of
rotation (left, right or unclear). Letter task consisted of an array of randomly rotated
letters ('T" or 'L, size: 2°), presented for 300 ms (starting time 150 ms before the ring
reached position when it is 'flat' for the viewer) around the fixation (eccentricity 8.5°).
Target array was immediately followed by a mask, consisting of the same number of
randomly rotated letters 'F' (200 ms). Number of letters was manipulated to ensure
~80% performance in a single task letters condition. Observers were prompted to
report with a left hand whether odd item was present by a high frequency tone (200
ms before the target array onset). Visual stimulation was identical, but observers were
prompted to report only rotation, only letter task or both intermittently. During vanish
condition ring stimulus was absent during letter task target arrays presentation (300
ms). In control experiment conducted to establish time of the switch, observers
viewed a continuously rotating ring with additional “indicator dot” revolving around
the display like the second hand of an analog clock [14]. Observers were instructed to
report perceptual switch by pressing 'space’ button, while memorizing position of the
indicator dot. After that they have manually adjusted its location to match its location
at the time of the switch.
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