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The effect of the context on the anisotropy of the visual field

RICCARDO LUCCIO and GRAZIA CAPORUSSO

The phenomenal (visual) field is not homogeneous (anisotropic). Clear examples of this are given by Bartlett’s
“replication experiments” and Blum’s “firegrass model”. In 1991, Stadler, Kruse, Richter and Pfaft attempted to de-
velop a vector field model of the visual field, and on this basis, Kruse, Luccio, Pfaff and Stadler (1996) demonstrated
relevant context effects introducing different directionally oriented shapes in the field. In this paper, we propose
some methodological modifications, aimed to improve the consistency of the results.

Key words: Perceptual field, anisotropy, vector field, context

The dynamics of the anisotropy of the visual field

The phenomenal (visual) field is not homogeneous (ani-
sotropic). We have many clear examples of this anisotropy.
First of all, we can point to a number of phenomena which
indicate that the simple position of the stimuli in the field
induces different functional effects. A classic example is the
vertical-horizontal illusion, with the well-known overesti-
mation of the length of the vertical line over the horizontal
one; or the rod and frame effect, etc.

As in many cognitive processes, the dynamics of phe-
nomena which evolve in time clearly shows this anisotropy.
In 1951, Bartlett gave a formidable experimental demonstra-
tion of this, however neglected by most scholars (but indeed
very difficult to replicate, as many Bartlett’s reproduction
experiments were; Bartlett, 1932; Bergman and Roediger,
1999).

He presented his participants with a white sheet of paper
with a point near to the centre. After a while, the participant
had to draw down a point on another sheet, in the same posi-
tion he remembered to have seen previously. This point was
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after shown to a second participant, his point to a third, and
so on. These points in succession evolved more or less as in
Figure 1.

In the ‘60s Blum developed the “grassfire” model of the
structure of shapes. According to Blum (1973), the “skel-
eton” of a shape could be represented similarly to the pat-
tern of the cinder resting on a field of grass after the burning
from the periphery of the field towards its centre. On this
basis, Blum proposed the so-called Symmetry Axis Trans-
form (SAT), that is considered yet a milestone for the study
of the visual processing of the figural geometry. On the Ba-

Figure 1. The “migration” of the points in Bartlett’s replication
experiment.
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Figure 2. The result of the overlapping of single points put at random by
several participants on a blank sheet of paper. Each participant drew only
one point.
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Figure 3. A pattern of a participant in Stadler, Richter, Pfaff and
Kruse’s experiment.
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sis of Blum’s model, Psotka (1978) asked to his participants
to draw down each one only one point on a white sheet in
a position at will. Overlapping the points he had a pattern
similar to the one shown in Figure 2. This pattern was ob-
tained by one of us with a group of students in an introduc-
tory course of Psychology.

In 1991, Stadler, Kruse, Richter and Pfaff attempted to
develop a vector field model of the visual field. This model
too refers to the anisotropy of the perceptual field. The ex-
periments at the basis of this model required that the Ss,
presented with a sheet on which there was one dot chosen
at random between 1218 equally spaced positions, to repro-
duce the position of the dot on a pressure pad with a stylus.
They attempted from the displacement of the reproduced
dots to calculate the vectors of translation and torsion for
each position on the field. The resulting vector field was
amazingly similar to Blum’s grass fire field, and in some
sense to the path shown by Bartlett in the reproduction ex-
periments. In this model, the dynamics of each point in the
field was decomposed to two components, a gradient field
and a circulation field (see below). According to this repre-
sentation, one can describe the field in terms of a landscape,
with hills (high potential) and valleys (low potential). (For
the formal description of the model, see next section.)

A typical pattern of a participant is shown in Figure 3.
Notice that, at difference with Blum’s pattern, there is a rar-
efaction of the points towards the center of the figure. We
will discuss this issue later.

If we calculate the distance and the direction of each dis-
placement of the reproduced points from the original ones,
we are able to decompose it in terms of gradient and cir-
culation. The average representation for all participants of
the gradient potential (left) and of the circulation potential
(right) is given in Figure 4.

Figure 4. (left, a) The average gradient potential for all the participants in Stadler and coll. experiment; (right, b) the corresponding circu-

lation potential.
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Figure 5. Vector field and gradient potential in Kruse, Luccio, Pfaff and Stadler’s experiment, introducing isosceles triangles pointing the

center (left) or the corners (right).

Following the same general methodology of the previ-
ous experiment, Kruse, Luccio, Pfaff and Stadler (1996) in-
troduced different directionally oriented shapes in the field.
For example, introducing isosceles triangles with the vertex
“pointing” the center or the corners they obtained quite dif-
ferent vector fields and gradient potential (Figure 5).

They studied also the effects of the introduction of
anomalous figures and of circular field, instead of rectangu-
lar ones. They were so able to demonstrate that the vector
field modified itself according to the directionality of the
introduced figures.

But let us give a short illustration of what a vector field
is, and in which terms we can consider the visual field a
vector field.

The visual field as a vector field

According to the representation of the vector field, one
can describe the field A(r) decomposing it into two sub-
fields, a gradient field G(r) and a circulation field C(r):

A=G+C=-gradV + curlW (1)

The minus sign indicates that the vector G points down
the hill, in direction of a lowering of the potential with hills
(high potential) and valleys (low potential).

Before proceeding, let’s introduce some concepts. We
have a point in a space defined by a system of coordinates:

X= (x, v, z) (2)

Suppose, now, that some property (the “value”) of the
point is function of the position of the point. We can write
down this function so:

f=F(x)=F(x,y,z) 3)

fis a scalar, and this space is a field: more precisely, a scalar
field.

Suppose, now, that the result of the application of our
function is not a scalar, but a vector:

v=v(x) 4)

For example, the function v could indicate the different
velocity of a point in function of its position. In this case,
the length of the vector v, v, is its speed). Our field is now
a vector field. Similarly, we can define fensor fields, and so
on.

We are now interested in calculating the change of the
value of f'if we move along one coordinate (for instance, x),
holding constant the other two other coordinates.

In other words, we work out the partial derivative of f
with respect of x. The three directional derivatives along the
base vectors can be seen as three components of a vector.
We call this vector the gradient of the scalar field £, and we
denote this as grad ( f).

Lof . of K o

grad(f)ZVf=l—+J—+
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Over a scalar field f, the gradient Vf will form a vector
field. Suppose we want to figure out the flow of strength,
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or flux, of something at a point. An approximation of this
would to measure over some small area and divide by the
area.

If we would like to measure the rotational strength at a
point, could we then do something similar? The physical
significance of the curl of a vector field is the amount of
“rotation” or angular momentum of the contents of given
region of space. Given three coordinates, for each couple of
coordinates we can figure out this rotational components;
that is,

R AN A AT A
Rl Ea A it TR

Notice that any continuous function with continuous de-
rivative (at a point x) can be approximated by a linear func-
tion at the point. So, we get

f.dr

ficurl f = lim CAA =(Vxt)i ©)

il is the unit normal vector to V' x f. The second part is a
line integral over an infinitesimal region A that is allowed to
shrink to zero via a limiting process.

Now, notice that div curl as well as curl grad is equal to
0. This means that

V(r): -0 (r), ®)
and
W (r)=-R(r). )

In other words, the sources Q (r) of the vector field are
equal to the gradient potential V' (r) with the minus sign. The
computational procedures are not simple, and here we have
not the space to velop them. The interested reader is referred
to Stadler et all. (1991, p. 107-109). Notice that to manage
such procedures we must discretize sour field.

The replication experiments

In more recent years, we introduced several methodo-
logical innovations (first proposed by Luccio, Mancini and
Salvadori, 2005). Our aim was to further investigate the dy-
namics of the visual field as a vector field, improving the
consistency of the obtained results. At this aim, the partici-
pant was presented with a screen on which there was a dot
randomly chosen in a virtual matrix of 744 x 522 points.
After a 1 sec masking, the participant had to draw with the
mouse on the screen a point in the same position in which
he had seen the previous point. The participant was unaware
of the fact that after the first four points, the new points that
appeared on the screen were the same that he/she himself/
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Figure 6. A typical pattern of one participant.

Figure 7.The gradient potential and vector fields of two partici-
pants: top: male, 25 ys; bottom: female, 26 ys.

herself had drawn four points before. In this way we were
able to follow the sequences of the points.

Each participant had to perform 3,200 determinations in
40 sessions, with an interval from one session to the other
that could last from 15 minutes to one day. The analysis of
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data was to be done individually for each participant. All the
patterns obtained by the participants were quite similar. A
Typical one is shown in Figure 6.

We computed the decomposition of the displacement of
each point in the two components of gradient and curl, and
calculated the field vector and gradient potential, using the
same computational procedures of the previous experiments.
On this basis, we were able to map the different levels of po-
tential on a landscape, which we can show here. For sake of
brevity, I present only the patterns of two participants (male,
25 years, and female, 26 years). The data are averaged from
the four quadrants of the field only in one quadrant, with a
second order smoothing.

The pictures can appear at first sight similar to the ones
obtained by Stadler and collaborators and Pfaff and collabo-
rators, and as in all previous research, the valleys (low po-
tential) are along the main diagonals, which act as attractors.
However, notice that in the center of the field (at the inter-
section of the axes, given that we have here only a quarter of
the field) there is a very low potential, as in Blum’s patterns,
but differently from the ones obtained with the replication
experiments. This difference can be explained only in terms
of difference in method.

We must stress that in no participant was apparent some
clear effect of sequence, but that they were also unaware of
the fact that they had to reproduce the points that they them-
selves had drawn earlier.

In conclusion, this technique appears a reliable way to
assess the dynamics of the visual field as a vector field. Of
course, a great amount of research is again needed, given

the great individual differences and the high sensitivity of
the method to minimal changes.

REFERENCES

Bartlett, F. C. (1932). Remembering. Cambridge: Cam-
bridge University Press.

Bartlett, F. C. (1951). The Mind at Play and Work. London:
Allen and Unwin.

Bergmann, E. K., & Roediger, H. L. III (1999). Can Bartlett’s
repeated reproduction experiments be replicated? Mem-
ory & Cognition, 27, 937-947.

Blum, H. J. (1973). Biological shape and visual science
(Part I). Journal of Theoretical Biology, 38,205-287.

Luccio, R., Mancini, A., & Salvadori, E. (2005). A vector
field model of the visual field. 36th European Mathe-
matical Psychology Group Meeting. Padua (Italy).

Kruse, P., Luccio, R., Pfaff, S., & Stadler, M. (1996). Field
dynamics of visual perception: Potential landscapes are
dependent on the border conditions. Gestalt Theory, 18,
163-186.

Psotka, J. (1978). Perceptual processes that may create stick
figures and balance. Journal of Experimental Psychol-
ogy.: Human Perception and Performance, 4, 101-111

Stadler, M., Kruse, P., Richter, P. H. & Pfaff, S. (1991). At-
tractors and perceptual field dynamics of homogeneous
stimulus areas. Psychological Research, 53, 102-112.

11



