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Grouping in the shine-through effect
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AND MANFRED FAHLE
Human Neurobiology, Bremen, Germany

How the elements of a visual scene are grouped into objects is one of the most fundamental but still poorly
understood questions in visual neuroscience. Most investigations of perceptual grouping focus on static stimuli,
neglecting temporal aspects. Using a masking paradigm, we show that the neural mechanisms underlying group-
ing seem to be both fast and complex. For example, a vernier target was followed by, first, a briefly presented
grating and, then, a long-lasting, extended grating. Under these conditions, the briefly presented grating is hardly
visible. Still, vernier discrimination strongly changed with the number of elements of the briefly displayed grat-
ing being worst for small gratings. In accordance with a neural network model of masking, we propose that the
edges of the briefly presented grating and the vernier interfere in spite of the short presentation time. We suggest
that this fast edge processing is a first step for unconscious grouping processes.

How the human brain distills objects from a visual
scene is an unresolved problem. For example, a treetop
may contain thousands of single leaves. In spite of each
leaf’s being an object by itself, the treetop is perceived
as a coherent object and not just as a collection of single
leaves. Grating stimuli are another example. Although a
grating is composed of single bars, separated from each
other, the observer perceives one object segmented from
its background even though the bars are not connected
with each other. Whereas the spatial aspects of this per-
ceptual grouping are well investigated (for a review, see
Palmer, Brooks, & Nelson, 2003), its temporal aspects
have been studied to a much lesser degree (e.g., Caputo,
1996; Kurylo, 1997).

Here, we investigate the dynamics of spatiotemporal
interactions that may underlie the grouping of single lines
into a grating. For this purpose, we use a version of a back-
ward masking effect that we call shine-through (Herzog &
Koch, 2001). A single vernier shines through a following
grating if the grating comprises more than seven aligned
verniers (Figure 1). For smaller gratings or for extended
inhomogeneous gratings, no shine-through occurs, and
discrimination of the vernier offset strongly deteriorates
(Figure 1; Herzog & Koch, 2001). For example, inserting
two gaps into a grating of 25 elements dramatically raises
thresholds (Figure 1).

In accordance with physiological and psychophysical
studies (MacKay, 1973; Macknik, Martinez-Conde, &
Haglund, 2000; McCarter & Roehrs, 1976; Sagi & Hoch-
stein, 1985), we hypothesized that the neural activity in-

volved in representing edges is stronger than the neural
activity for representations of homogeneous, repetitive
stimulus parts such as the inner elements of gratings.
Computer simulations showed indeed that an enhanced
activity corresponding to the representation of edges can
dynamically suppress the activity corresponding to that
for the vernier when an edge is close to the vernier (Fig-
ure 1, lowest row; Hermens, Luksys, Gerstner, Herzog, &
Ernst, 2008; Herzog, Ernst, Etzold, & Eurich, 2003; see
also Zhaoping, 2003). For extended homogeneous grat-
ings, shine-through occurs, because the edges are remote
and the inner grating elements are suppressed.

We suggest that these computational processes underlie
a first step of grouping. For example, observers do not
perceive the “gap grating” as one grating containing gaps,
but rather as three smaller gratings. In the computer simu-
lations, the edges of all three gratings are enhanced while
the inner grating elements are suppressed. In this sense,
vernier suppression is a side effect of the grouping pro-
cessing, depending on whether or not an “irregularity” is
close to the vernier.

To understand the dynamics of these grouping pro-
cesses better, we presented a vernier either followed or
preceded by a briefly displayed grating. Both of these
sequences were followed by the long-lasting standard
grating of Figure 1A. First, we tested the hypothesis that
edge computation is fast. If this hypothesis is true, one
would expect varying effects, depending on the number
of elements when the briefly displayed grating follows
the vernier (Figure 2). Strongest suppression would be
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Figure 1. A vernier is followed by various kinds of gratings lasting for
300 msec. (A) If a grating contains more than seven elements, the vernier
shines through the grating. For gratings with less than seven elements (B)
or gratings containing gaps (C), no shine-through occurs, and vernier
discrimination strongly deteriorates. On a descriptive level of perceptual
organization, we propose that grouping may explain these effects. For ex-
ample, the gaps segment the entire array into smaller gratings (grouping
by proximity). Hence, three smaller gratings are perceived instead of one
larger grating with gaps. On a neural description level, we propose that
neural activity corresponding to the representation of the inner elements
of the gratings is dynamically suppressed (light gray elements in the row
“Simulation”), whereas the activity corresponding to grating edges or
inhomogeneities, such as gaps, is strongly enhanced (black elements; Her-
mens, Luksys, Gerstner, Herzog, & Ernst, 2008; Herzog, Ernst, Etzold,
& Eurich, 2003). Neural activity corresponding to representations of the
vernier is reduced when edges or gaps are close to the vernier. With the
25-element grating, shine-through occurs because edges are remote and
the neural activity for the inner elements of the gratings is suppressed.

expected for small gratings, because the edges are closer
to the vernier. A second hypothesis states that the dy-
namic suppression of inner elements of the grating is fast
as well. If this is true, one would expect that an extended
grating preceding the vernier would yield shine-through,
because its inner elements are suppressed before the
vernier processing starts. Third, we hypothesized that
the presentation of more than one target vernier would
yield weaker performance than would one target ver-
nier, because the corresponding vernier activities would
mutually inhibit each other. We found evidence for the
first and third hypotheses, but not for the second. Our
paradigm revealed dynamic effects that are not visible
without masking.

GENERAL METHOD

Participants

The first four authors and two graduate students of the Univer-
sity of Bremen participated (mean age about 23 years). The stu-
dents were told that they could quit the experiment at any time they
wished. After participants had signed a consent form, visual acuity
was determined by means of the Freiburg Visual Acuity Test (Bach,
1996). To participate in the experiments, participants had to reach a
value of 1.0 (corresponding to 20/20) for at least one eye.

Apparatus

Stimuli were displayed on a point-plot device (HP 1334 A) con-
trolled by a Power Macintosh computer via fast 16-bit D/A con-
verters (1-MHz pixel rate). Participants observed the stimuli from a
distance of 2 m in a room illuminated dimly by a background light
(0.5 1x). Luminance of the stimuli was around 80 cd/m?2. Before the
stimuli were presented, a fixation dot was turned on in the center of
the screen simultaneously with four markers at the corners of the

screen for 1 sec, followed by a blank screen for 200 msec. Refresh
time was either 5 or 10 msec.

One or more vertical target verniers were presented. Gratings fol-
lowed or preceded the vernier(s). The grating elements were aligned
verniers with all spatial parameters being identical to the those for
the target vernier(s) except for the horizontal offset. Segments of
verniers were 10” long separated by a small vertical gap of 60”. Thus,
verniers and grating elements were 21” long. The horizontal spacing
between grating elements or target verniers was 200” in all but one
experiment. Single verniers, central verniers of an array of target
verniers, and the central element of the gratings appeared in the cen-
ter of the screen.

If only a single target vernier precedes the grating with 25 ele-
ments, the vernier shines through the grating (see Figure 1; Herzog
& Koch, 2001). We call this condition the standard condition, and
the grating is called the standard grating. Most of the experiments
presented here were variants of this standard condition. For example,
we briefly presented an additional grating between the target vernier
and the standard grating. In all the experiments, the standard grating
lasted for 300 msec, whereas the additional gratings were presented
for either 10 or 20 msec, depending on the observer. verniers and
gratings followed or preceded each other immediately; that is, the
interstimulus interval was zero.

Procedure

Observers were asked to discriminate the offset direction (left vs.
right) of the vernier(s) shining through the grating by pressing the
appropriate one of two push buttons. Incorrect responses were fol-
lowed by an auditory error signal produced by the computer.

We determined thresholds of 75% correct responses via the adap-
tive procedure parameter estimation with sequential testing (PEST;
Taylor & Creelman, 1967). If the vernier offset cannot be identified,
PEST offers increasingly large offsets. In order to avoid too large
offsets, we restricted the PEST procedure to a maximum offset size
of the target vernier of 300” (that is 1.5 times wider than the horizon-
tal spacing between grating elements). The starting value of PEST
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Figure 2. A single vernier preceded a briefly presented grating (10 or 20 msec, depending on the observer), which itself was followed
immediately by the standard 25-element grating lasting for 300 msec. The number of elements of the interleaved grating was varied
(for convenience, a single aligned vernier following the target vernier is also called a grating; “1” on the abscissa). The left panel shows
an example of an interleaved grating with 5 elements. Performance is worst for interleaved gratings with 5 elements and improves for
more or fewer elements. Means and standard errors are presented for 4 observers.
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Figure 3. The target vernier was preceded by a grating comprising a varying number of aligned verniers. The vernier was followed
immediately by the standard grating. The left panel shows an example of a preceding grating with S elements. Shine-through is com-
pletely abolished, and performance strongly deteriorates for all preceding gratings except in the one-element condition. Observers
were the same as in Figure 2.
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was set to 150”. If observers were unable to reach a threshold value
within the predetermined offset range, we assumed invisibility of
the vernier target and an offset of 350” was recorded if the following
three criteria were fulfilled. First, PEST had offered offsets increas-
ing in a monotonic fashion. Second, an offset value of 300” had been
provided at least once, and third, the hit rate for the 300” offset had
been below 75% correct responses. In ambiguous cases, the block
of presentation was repeated. For invisible verniers, PEST in general
fails to compute a threshold value for obvious reasons. In the rare
cases in which PEST computed a value above 350”, this value was
still substituted in order to avoid numerical dominance of the value
in the averaging process. It should be mentioned that standard errors
can be artificially small if in a particular condition the verniers are
invisible for all (or some) participants because a value of 350” was
recorded for all of them (see, e.g., Figure 3).

For each participant, every condition was measured twice. Unless
stated otherwise, the order of conditions was randomized individu-
ally between observers to reduce possible hysteresis or order effects
in the averaged data. After every condition had been measured once,
the order of conditions was reversed for the second row of measure-
ments in order to compensate at least partly for possible learning
effects or fatigue. The two corresponding thresholds were subse-
quently collapsed.

For every observer, we aimed to find the minimal time (i.c., the
shortest duration of the preceding vernier) for which shine-through
occurred in the standard condition (Figure 1A). This time was used
in all experiments. Presentation time was 20 msec for 3 of the ob-
servers and 10 msec for the remaining ones. Each block contained
80 stimulus presentations.

FORWARD VERSUS BACKWARD MASKING

To test the first two hypotheses—namely the strength-
ening of outer edges and the weakening of redundant ele-
ments during the grouping process—we presented grat-
ings briefly before or after a single vernier (Figures 2
and 3).

Method

Four observers participated in the first experiment. A single target
vernier preceded or followed a grating comprising a varying num-
ber of aligned verniers ranging from 1 to 25 (for convenience, an
aligned vernier is also called a grating). The presentation durations
of the target vernier and the grating were identical (for 3 observers,
10 msec; for 1 observer, 20 msec).

Immediately after the sequence of either target vernier first, fol-
lowed by the grating, or the grating first, followed by the target vernier,
the standard grating was displayed for 300 msec (Figures 2 and 3).

In a control condition, we presented the target vernier either
preceded or followed by a 5- or 25-element grating with the same
duration as that of the vernier (i.e., the 300-msec standard grat-
ing was not presented). The conditions in which a grating with 5
or 25 elements followed the vernier are denoted with “v-5m” or
“v-25m,” respectively. If the gratings preceded the vernier, denota-
tion is “Sm-v” or “25m-v.”

Thresholds for the target vernier alone were also determined (v).

Results and Discussion

When the vernier was followed by the interleaved grating,
thresholds varied nonmonotonically, depending on the num-
ber of elements with a peak at 5 elements (Figure 2). Even
though the interleaved grating is largely invisible, the human
brain clearly processes the grating differently, depending on
the number of elements. These results are in good accordance
with the first hypothesis of a fast and unconscious enhance-

ment of neural activity corresponding to the representation of
edge elements (see also Herzog, Koch, & Fahle, 2001a).

When the vernier was preceded by a forward mask-
ing grating, performance very strongly deteriorated for 3
or more grating elements. This result strongly disagrees
with the second hypothesis stating that at least for the
25-element preceding grating, thresholds should be only
slightly elevated.

The effects of the last two conditions were only visible
if the standard grating followed after the target vernier
and the briefly presented grating (or vice versa). Without
the standard grating, performance was comparable in for-
ward and backward masking and performance strongly
improved (Figure 4).

Performance with a grating of 25 elements was very sim-
ilar to that for the condition with only a single, unmasked
vernier (v) while thresholds were elevated for a grating of 5
elements. However, this deterioration of performance was
mainly due to 1 participant (see large standard error).

ARRAYS OF TARGET VERNIERS

Vernier Arrays

The third hypothesis stated that more target verniers
would yield weaker performance than would only one
vernier, because the neural activities corresponding to the
verniers would interact with each other and thus weaken
themselves mutually. This prediction was tested in the sec-
ond experiment.

Method

A variable number of offset verniers was presented with a hori-
zontal spacing between verniers of 200”. Immediately after the ver-
niers, the standard grating was presented for 300 msec (Figure 5).

Five observers participated. For each observer, his or her minimal
presentation time was used (10 msec for 2 and 20 msec for 3 observ-
ers). Observers were free to base their decisions on any cue. Only if
25 verniers preceded the standard grating, observers were asked to
look at the center (depending on offset direction, one segment of the
outermost verniers was not completely covered by the correspond-
ing standard grating element).

For 3 out of the previous 5 observers plus an additional partici-
pant, we presented a varying number of verniers without a grating
following. Observers were free to base their decisions on any cue
(e.g., on one of the edge elements of the vernier array). verniers were
presented with the minimal presentation time that produced shine-
through in the standard condition.

Results and Discussion

Subjectively, shine-through is clearly diminished if
more than one foregoing vernier is displayed (Figure 5).
Performance for offset discrimination follows the subjec-
tive experience: With increasing number of verniers, per-
formance deteriorates.

For example, in the five-vernier condition (threshold,
162.0”) thresholds were about three times higher than in
the single-vernier condition (threshold, 58.2”). Increasing
the target energy seems to have increased thresholds. We
attribute this effect to lateral interactions between neigh-
boring neurons mutually weakening the activity evoked by
the verniers (see Figure 1).
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Figure 4. The target vernier was presented alone (v), preceded or followed by a masking grating of either 5
(v-5m; Sm-v) or 25 (v-25m; 25m-v) elements, respectively. Presentation times of the vernier and the grating were
identical. Performance is comparable irrespective of whether the gratings precede or follow the vernier. Perfor-
mance differences between the corresponding 5- and 25-element grating conditions are mainly due to 1 par-
ticipant whose performance strongly deteriorated for the 5-element grating in comparison with the 25-element
grating. Note the change in the scale of the ordinate relative to that for Figures 2 and 3. Observers were the same
as in the previous figures.
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Figure 5. A varying number of offset target verniers preceded the standard grating comprising 25 elements. Thresholds increase

with the number of verniers presented. Performance deteriorates in an almost monotonic fashion, asymptoting around 15 elements.
Note the change in the scale of the ordinate relative to that for Figure 4. Means and standard errors are represented for 5 observers.
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Figure 6. A varying number of verniers was presented without
the standard grating. On average, the number of verniers has no
strong influence on performance. Note the change in scale of the
ordinate relative to that for Figure 5. Means and standard errors
are presented for 4 observers.

When no grating followed, performance for vernier ar-
rays remained almost constant irrespective of the number
of verniers (Figure 6). However, intra- and interindividual
performance differences were high.

When Is a Grating a Grating?

Arrays of verniers yield worse performance than does
one single vernier when followed by the standard grating
(Figure 5). We varied the spacing between five foregoing
verniers in order to determine the transition from process-
ing the verniers as a grouped array to processing the verni-
ers as single entities.

Method

Five verniers, simultaneously displayed, preceded the standard
grating. We changed the horizontal spacing between verniers in
multiples of 200” (in Figure 7, a spacing of 400” is shown in the
left panel). Therefore, verniers were always presented at positions
covered by standard grating elements. Performance was also deter-
mined for a single target vernier. Four observers participated.

Results and Discussion

With increasing spacing, performance improved,
reaching the performance level of the standard condition
for a spacing of about 1,200” (Figure 7; cf. Westheimer
& Hauske, 1975).

Grating Size

Shine-through is not experienced when less than seven
elements follow after a single target vernier. Instead, fea-

ture inheritance may occur: The foregoing vernier remains
invisible but bequeaths its offset to the grating that appears
to be offset in the direction of the vernier (see Herzog &
Koch, 2001). Observers usually attend not to the center of
the grating but focus attention on one edge element of the
grating. Feature inheritance and shine-through, while dif-
fering only in the number of grating elements, represent two
different stages of feature binding. In shine-through, the
shine-through element is an entity independent of the grat-
ing, preserving the features of the vernier. In feature inheri-
tance, the features of the masking grating and of the pre-
ceding vernier are bound together (Herzog & Koch, 2001).
Here, we will show that changing the binding state from
shine-through to feature inheritance qualitatively changes
results: More vernier targets yield better performance.

Method

We used arrays of offset verniers of 1, 3, and 5 elements. A grating
with only 5, instead of 25, elements followed, lasting for 300 msec.
The vernier presentation time was the minimal time for shine-
through (i.e., too short for observers to perceive a strong feature
inheritance effect for one preceding vernier; see Figure 8).

Results and Discussion

Compared with performance for a grating with 25
elements, performance improved if more verniers pre-
ceded a 5-element grating (Figure 8). Subjectively, the
verniers remained invisible. As is usual with feature in-
heritance, observers looked to one of the edge elements
of the grating, where they perceived an illusory offset
(Herzog & Koch, 2001).

The increase in performance might be explained by an
increase of target energy or by a reduced distance of the
outermost vernier to the focus of attention (i.e., one of the
edge elements; see Figure 1 and Herzog & Koch, 2001).
Hence, increasing the number of preceding verniers exerts
opposite effects in shine-through and feature inheritance.

GENERAL DISCUSSION

Herzog, Fahle, and Koch (2001, 2002) argued that
shine-through can be explained in terms of perceptual
grouping. For example, a grating with two gaps is per-
ceptually grouped into three smaller gratings (grouping
by proximity; Figure 1). Shine-through does not occur,
since the central of the three gratings comprises only five
elements; and for small gratings, shine-through is largely
abolished (Figure 1; Herzog, Fahle, & Koch, 2001).

Grouping is a term of perceptual organization, concern-
ing how an observer subjectively binds single elements,
which are entities themselves, into a coherent object. On a
neural description level, we showed with computer simu-
lations that a first step of this grouping may indeed be
realized by dynamic lateral interactions (Hermens et al.,
2008; Herzog, Ernst, et al., 2003). This processing may
well occur at a very early neural processing stage, such as
in the primary visual cortex V1, and does not require any
specialized grouping modules.

In this study, we started to investigate the underlying
temporal mechanism of this tentative grouping by present-
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ing sequences of gratings. It seems that the spatial struc-
ture of a grating can be “detected” even with very brief
exposures of this grating. We have shown that performance
changes strongly and nonmonotonically, with the number
of elements of a grating presented interleaved between the
target vernier and the standard grating (Figure 2; cf. Herzog
et al., 2001a). Strongest interference of vernier offset dis-
crimination occurs for such an interleaved grating with five
elements (Figure 2). Performance for interleaved gratings
with more than five elements improves, possibly because
of reduced interactions between the edges of the interleaved
grating and the vernier. Interestingly, a three-element grat-
ing yields better results than does a five-element grating,
even though the edges of the three-element grating are
closer to the vernier. Computer simulations show that this
result can be explained well by the spatial width of the
lateral interactions (Hermens et al., 2008). Hence, the first
experiment showed fast and spatially complex processing
in accordance with the first hypothesis.

These interactions may also explain why arrays of tar-
get verniers yield worse performance than one single ver-
nier even though more verniers have more target energy
(a higher number of photons) than a single vernier (Fig-
ure 5). Neighboring verniers mutually weaken the neu-
ral activity of their representations, confirming the third
hypothesis. We would have expected that the edges of
the vernier arrays could be detected because of a higher
corresponding activity. This was not the case (observers
were free to base their decisions on any cue). Perhaps
some neural inhibition is sufficient to prevent this effect.
For longer presentation times, indeed, performance im-
proves, and participants base their decision on the edges
of the vernier arrays (results not shown), as they may do
when the arrays are not masked by the standard grating
(Figure 6). Our masking paradigm shows that spatial in-
teractions are of considerable width, because separations
of 1,200” between verniers are necessary for participants
to reach a performance level comparable to that for a
single vernier (Figure 7).

It might be argued that vernier arrays and gratings are
processed in different “channels” than those for a single
vernier, perhaps by neurons tuned to different spatial fre-
quencies. For this reason, arrays and gratings may mask
each other more strongly than a single vernier and an ex-
tended grating. However, if this is true, briefly presented
gratings should interact with the vernier weakly, and, more
importantly, forward and backward masking should yield
similar results. However, this was not the case. Temporal
order matters strongly (see Figures 2 and 3).

If the very same backward masking gratings are pre-
sented before the target vernier, performance surpris-
ingly shows a floor effect independent of the number of
elements, except in the single-element condition (Fig-
ure 3). This result can hardly be explained by lateral
interactions quickly suppressing the activity of redun-
dant, inner elements of gratings (second hypothesis). We
would have expected that a 25-element grating presented
for 10 msec (one or two frames of presentation) would
elevate threshold only slightly, if at all, taking into ac-

count that the standard grating is presented for 300 msec.
However, this was not the case.

These results are surprising from other perspectives as
well. First, forward masking is usually weaker than back-
ward masking for displays with one target and one mask
only (for a review, see Breitmeyer & Ogmen, 2006).
In our experiments with two masks, however, forward
masking was stronger than backward masking (however,
forward and backward masking yield comparable results
if the standard grating is omitted; see Figure 4). Sec-
ond, higher energy masks (larger size, higher contrast or
luminance, etc.) yield usually worse performance than
lower energy masks, contrary to our and others’ findings
(Herzog & Fahle, 2002; Herzog & Koch, 2001; Kolers,
1962; Li, Thier, & Wehrhahn, 2000; Macknik & Haglund,
1999; Schiller & Greenfield, 1969; Sturr, Frumkes, &
Veneruso, 1965; Wehrhahn, Li, & Westheimer, 1996).
Our present results show that these mask size effects de-
pend on the temporal order of presentation occurring in
backward (Figure 2) but not forward (Figure 3) mask-
ing. Third, many models of object recognition simply
compute the respective energies of the target and mask-
ing elements independent of their temporal order. How-
ever, this was not the case in our experiments (Figures 2
and 3).

The perceived shine-through element is not simply a
fusion product of the single vernier and the central ele-
ment of the standard grating, but rather an independent
entity. This becomes, for example, evident in the condition
in which 25 offset verniers precede the 25-element stan-
dard grating composed of aligned verniers (Figure 5). No
shine-through occurs. If we assume a fusion of verniers
and grating elements on a one-by-one basis, fusion must
occur for the central element of the array of 25 offset ver-
niers comparable to that for the single vernier in the stan-
dard condition. However, this was not the case (cf. Herzog,
Harms, et al., 2003; Herzog, Koch, & Fahle, 2001b).

Masking of gratings by gratings has been studied
previously (e.g., Sekuler, 1965). However, most inves-
tigations use simultaneous masking paradigms (Smith
& Swift, 1985; Swift & Smith, 1983). Our backward
masking paradigm reveals processes that are not visible
in simultaneous masking (see, e.g., Figures 2 and 3 vs. 4
and 5 vs. 6). Hence, forward and backward masking
paradigms allow us to investigate with great detail the
temporal and spatial constraints of grouping processes
that may not be visible otherwise.
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