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Commentary

What is required for a signal to be qualified
as a ‘grouping’ tag?

Naoki Kogo∗ and Johan Wagemans
Laboratory of Experimental Psychology, University of Leuven (K.U. Leuven),
Belgium

In our commentary paper (Dry, Kogo, Putzeys, & Wagemans, 2010) on ‘The utility of image
descriptions in the initial stages of vision: a case study of printed text’ (Watt & Dakin, 2010a),
we raised a few concerns about the approach to perceptual grouping proposed by Watt
and Dakin. Specifically, we argued that the ‘overlap tokens’ resulting from convolution
with Gabor filters do not reflect the global configuration of the image and hence that they
would not be able to reproduce cases of context-sensitive perception such as illusory
contours in the Kanizsa image. In their reply to our commentary, Watt and Dakin
(2010b) showed that the responses of their model do reflect the illusory contours. In
the present brief commentary paper, we explain why their data are problematic. The
crucial problem is that illusory contours are not mere borderlines drawn in the gap
between the pacmen. Instead, the perception of the illusory contours corresponds to
the existence of border-ownership signals, which reflect the global configuration of the
image.

In their recent paper ‘The utility of image descriptions in the initial stages of vision:

a case study of printed text’, published in the British Journal of Psychology, Watt
and Dakin (2010a) attempt to develop a model, which involves what they believe to be
mid-level visual processes. The model reproduces, according to the authors, perceptual
grouping by combining the results of the convolution with Gabor filters. The key feature
of the model is that ‘overlap tokens’ are detected and they are considered as the signals
corresponding to our perceptual grouping of individual elements of the image.

In our commentary paper (Dry et al., 2010), we brought up a few concerns about
their approach. Among these was the concern that the model does not reflect the global
configuration of the image and hence that it would not be able to reproduce cases of
context-sensitive perception such as the illusory perceptions in the Kanizsa image (the
context sensitivity of this illusion is explained below). In their reply to our commentary
(Watt & Dakin, 2010b), however, they further emphasized the robustness of their model
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by showing the response of the model to the Kanizsa image, including the illusory
contours (i.e., the completion of the gaps between the pacmen).

Although we appreciate their effort in producing new data, we would like to point
out that the new data only amplify the problem of their approach and that the core
issues still need to be resolved. The problem seems to stem from how the borderline
signals of their model (and of many other neurocomputational models) should be linked
to our perception. Because we believe that the difference between their views and ours
represents a central issue in today’s perception research, we would like to point out, in
this brief commentary paper, why their data are problematic.

Let us start from a simple image, with a surface, say a disk, with a plain colour with
no texture. We are, of course, able to perceive this surface. This means that every single
point within the surface area (i.e., the interior of the surface) belongs to the surface,
according to our perception. In other words, these points are ‘grouped’ together and
the surface is perceived as a single entity.

Now, let us assume that we run Watt and Dakin’s model on this simple image. The
overlap token will be created along the boundary but not in the interior of the surface
because of the nature of the Gabor filters (see Figure 6 in their original paper; Watt &
Dakin, 2010a). Are these signals along the boundary qualified as the grouping signals? If
our perception of this example is such that every single point on the surface is grouped
together, belonging to one surface, the grouping signals need to have the same quality
as well. If a model creates signals along the boundary of a disk surface as shown in
Figure 1A but not on the surface itself, the signals do not carry the information about the
interior of the surface (i.e., whether the interior belongs to the group or not). In other
words, these signals do not label a group of these interior points of the disk surface.
On the other hand, if all the points on the surface receive the same signals as shown in
Figure 1B, they may be considered as labels indicating that they belong to one entity,
the disk surface, because all points receive the same ‘tag’.

One might argue that the fact that the resulting borderline signals create an enclosed
area indicates the grouping and hence that these signals are already qualified as
the grouping signal. However, these signals are assigned to individual points on the
borderline without specifically signalling that the collection of these signals creates an

Figure 1. Boundaries and surfaces. Coding of an input image (inset) by boundary signals only (A)
misses information about the interior of a surface (B).
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Figure 2. Enclosed areas and surface boundaries. The areas enclosed by boundaries (marked by ∗) are
not necessarily figural surfaces. They might belong to the background, as in the case of four neighbouring
geometric shapes (A) or the case of a self-occluding elongated and curved object (B).

enclosure. Furthermore, as clearly shown in the examples in Figure 2, enclosure itself is
not a satisfactory condition of grouping either. In Figure 2A, four surfaces are arranged to
create an area in the centre (marked by an asterisk) enclosed by surrounding borderlines.
In Figure 2B, the self-splitting shape also has an area (marked by an asterisk) surrounded
by borderlines. In both cases, these centre areas are perceived as part of the background,
not a figural surface.

The reason why there are no overlap tokens in the interior of the surface is quite
simple. Gabor filters create responses only when there are some changes of luminance
but they do not respond to an area where luminance is constant. So, by definition, these
filters are not able to reproduce our perception of plain coloured surfaces. The area has
to be ‘busy’ (e.g., textured) for the filters to create signals and hence possible overlap
tokens. That is why it works with written words and presumably with busily textured
surfaces but not with a plain surface. If the model requires the area to be ‘busy’ while,
for the grouping, it is not a necessary condition, then, the overlap token created by their
model is not qualified as a signal of grouping.

This problem stems from the assumption that grouping signals can be constructed
by the simple summation of the filter outputs. This is why they claimed, in their reply,
that the model can even reproduce the contour completion in the Kanizsa image (see
below). We disagree. We believe that low-level neurons (whose receptive field can be
modelled by Gabor filters) create signals in the form of ‘differentiation’ and that our
perception is created at a higher level by spatially integrating the differentiated signals
constructed at the lower level. Furthermore, the differentiated signals in the depth
domain are expressed as border-ownership signals, and their construction is done by
global interactions between low-level neurons. Through this global interaction at the
lower level and the spatial integration at the higher level, it is possible that the visual
system constructs surfaces with emergent macroscopic properties. In fact, it has been
reported that activities of neurons in V2 and V4 correspond to the perception of border
ownership and reflect the global configuration of the image, not merely local properties
(Zhou, Friedman, & von der Heydt, 2000). This corresponds well with psychological
findings that figure-ground perception (segmentation and grouping of separate areas
based on perceived depth differences) reflects the global context of images (Baylis &
Driver, 1995; Feldman, 2003; Koffka, 1935; Rubin, 1921).
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Figure 3. Illusory and non-illusory Kanizsa images. The same local boundaries in the interior corners
of the four surrounding objects either group into an illusory square surface (A) or not (B), depending
on the global configuration. The model we recently published (Kogo et al., 2010) computes border
ownership by global interaction of all elements in the image (C). The open circle in (C) indicates
the location where an illusory contour is observed. Border-ownership signals are activated at the
location by the global interaction, although a physical boundary does not exist there. As a result, the
model is able to create border-ownership maps that correspond to our perception including ‘illusory
border-ownership’ signals (D). In these maps, signals for horizontal boundaries with ownership by the
upper side are shown (the line in the symbol shown above the map indicates the orientation of the
boundary and the arrow indicates the side of the ownership). By two-dimensional spatial integration
of the border-ownership maps, it creates the depth maps of these two images with a central occluding
surface in the illusory version of the Kanizsa image and without it in the non-illusory version (E).

Going back to the simple disk image, for example, once the border-ownership signals
are computed correctly (i.e., the disk surface being the owner), the spatial integration
of these signals then creates a surface separated from the background in the depth
dimension, and hence the whole surface (including the interior) is grouped. In fact,
with this approach, the signals such as shown in Figure 1B are created in the perceived
depth map of the image. Note that, in the original image, the depth difference between
the disk and the surrounding areas is not given physically. The perception of the disk
being a figure (closer to the viewer) is, therefore, a subjective one that emerges from
the border-ownership computation and its spatial integration.

Now, let us consider the Kanizsa image (Figure 3A). Watt and Dakin (2010b) claim
that their model apparently succeeds in reproducing the completion of the gaps between
the pacmen by illusory contours (Figure 2 in Watt & Dakin, 2010b). This rather simple
approach is not correct in reproducing our perception of illusory contours. Many models
have already attempted such an approach by drawing lines in the gaps between the
pacmen (e.g., Grossberg, 1994; Grossberg & Mingolla, 1985a, 1985b; Heitger, von der
Heydt, Peterhans, Rosenthaler, & Kubler, 1998; Peterhans & Heitger, 2001; Peterhans,
von der Heydt, & Baumgartner, 1986; Ullman, 1977). The problem of this kind of ‘line
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drawing’ approach becomes rather obvious when a non-illusory variation of the image
is considered (e.g., the four-cross figure shown in Figure 3B). Because the physical
dimensions of the boundaries surrounding the central area are exactly the same as in
the original Kanizsa image, their model would create the illusory contours again in this
non-illusory image. This is incorrect. Once again, the problem stems from the fact that
the illusory contours are not mere borderlines being drawn in the gap (by the overlap of
the filter output in the case of their model). Instead, we believe that the perception of the
illusory contours corresponds to the existence of the border-ownership signals, which
reflect the global configuration of the image. Moreover, their spatial integration creates
the central surface in the Kanizsa image. With this global context-sensitive algorithm,
our model is able to distinguish between the illusory and the non-illusory figures in
their border-ownership maps (Figure 3D). Furthermore, by linking depth perception to
lightness perception, our model is able to reproduce an illusory brightness of the central
area as well (for details, see Kogo, Strecha, Van Gool, & Wagemans, 2010).

This was what we wanted to point out in our original comment when we wrote
(Dry et al., 2010, pp. 30–31): ‘ . . . only by interaction between the elements in the entire
space and by spatially integrating the results, the macroscopic properties emerge. This
process is, therefore, highly non-linear and reflects the global configuration of the image
to determine the figure-ground segregation ( . . . ) something that cannot be achieved by a
simple proximity principle.’ In other words, a simple proximity principle or co-linearity
principle that would create overlap tokens does not work to explain the completion
phenomenon. It would appear to mimic the phenomenon in one case but by also doing
this incorrectly for another case, it actually fails and a further analysis easily shows why.

It is relatively easy to draw lines between the gaps, we would say. Probably there are
many ways to do it, and their approach is one of them. What is important, however, is
not how to complete the gap but when and how to complete it or not depending on
the context of the image. The model has to compute the global configuration to do it
properly. That is what Figure 3 indicates. Accordingly, the results shown in their reply
(Watt & Dakin, 2010b, Figure 2) do not provide the necessary evidence that their model
works to reproduce the completion phenomenon correctly.

How the perception of contours is linked to the perception of surfaces (the ‘filling-
in’ phenomenon) is an important issue. It forms the foundation of a wide range of
perceptual phenomena such as segmentation, border-ownership perception, figure-
ground organization, grouping, object recognition, and depth perception of images. It
is, therefore, quite important that we carefully investigate how the non-linear, context-
sensitive properties of such perceptions emerge in the visual system. In doing so, we
should be especially careful about the interpretation of the neural signals: how signals
at the borderlines correspond to surface perception and what kind of signals can be
qualified as grouping signals. It appears that the ‘overlap tokens’ proposed by Watt and
Dakin (2010a) lack some of the essential properties to be qualified as grouping signals and
the new data in their reply (Watt & Dakin, 2010b) do not ‘fill the gap’. On the contrary,
they rather emphasize the need for grouping signals to reflect the global context of the
image, which is missing in their model.
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