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Visual inhomogeneity and reference frames
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Universidad Complutense, Madrid, Spain

(Charles W. Eriksen, Sponsor)

The role of visual inhomogeneity in the perceived pointing of equilateral triangles is inves
tigated in this paper. An experiment was performed whose results cannot be accounted for by
current hypotheses about the mechanisms that assign reference frames. These results support
the view that local and not global reference frames are involved in shape perception. It is feasi
ble that local reference frames are constructed from the high-spatial-frequency information, which,
owing to visual inhomogeneity, is exclusively extracted from the immediate neighborhood of the
fixation point.

An intriguing fact about visual perception is our im
pressive ability to recognize shapes regardless of irrele
vant variations in size and/or orientation . Marr and Nishi
hara (1977) set out the basis for studying this ability from
an information processing approach. They pointed out that
object-eentered descriptions are needed if shapes are to
be recognized when viewed from any vantage point . The
problem is in defining how this viewpoint-independent
description is achieved; the existing hypotheses, although
they differ in many respects, all agree that canonical refer
ence frames must be imposed to describe shape informa
tion relative to the frame. It is also assumed that resizing
and/or rotating a shape makes the mechanisms that as
sign the reference frame change the spatial scale and orien
tation accordingly, in such a way that the structural
description of the shape remains the same. Again, the
problem is in establishing the processes that determine
the reference frame orientation. Understanding how this
is done is important not only for gaining knowledge about
human visual processing, but also to incorporate flexible
recognition capability into computer vision systems.

There are two competing psychological answers to the
question of how the orientation of the reference frame is
established. On the one hand, Palmer andBucher (palmer,
1985; Palmer & Bucher, 1981, 1982) put forward a sym
metry hypothesis, which states that one of the axes of the
Cartesian reference frame takes the direction of an axis
of reflectional symmetry in the whole configuration. On
the other hand, Janez (1983) proposed that one of the axes
of the Cartesian reference frame takes the direction per
pendicular to that at which the angular energy distribu
tion (AED) in the stimulus reaches a maximum. Both
hypotheses give rise to the same predictions (in a qualita-
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tive sense) for all the stimuli that have been considered
up to now: when a shape is embedded in a context of other
shapes or elements, the target shape seems to be described
according to a reference frame whose orientation is con
sistent with both hypotheses . Experiments by Palmer and
Bucher also showed that the strength of the reference
frame in directing shape description varies as a function
of several parameters in the surroundings of the target
shape (e.g. , number of elements, separation between
them, type of texture, etc.) The symmetry hypothesis can
not account for these variations in reference frame effects,
whereas the AED hypothesis can (see Jafiez, 1983, 1986).
Furthermore, the AED hypothesis can be applied to any
stimulus, whereas the symmetry hypothesis is restricted
to stimuli with an axis of reflectional symmetry (see
Merino, 1986). If the requirement of reflectional sym
metry is relaxed and nearly bilateral symmetry is allowed
(Palmer, '1987), both hypotheses lead to the same qualita
tive predictions for all the stimuli used by either Palmer
and Bucher (palmer, 1985, 1987; Palmer & Bucher, 1981,
1982) or Merino (1986) .

Despite their differences, both hypotheses share a com
mon feature: the distal stimulus is the one considered to
determine the visual reference frame orientation.
However, the reference frame is an internal elaboration
that is constructed from the visual representation of the
distal stimulus, and it is known that the image to which
we have conscious access is an inaccurate copy of the dis
tal stimulus because of visual inhomogeneity: we see the
outside world through a window of varying resolution
from a maximum value at the fovea to a minimum value
at the outermost periphery. Thus, the portion of the stimu
lus that falls onto the peripheral retina, being internally
represented with lower resolution, may not be as relevant
as are the foveal portions in determining perceptual ef
fects. Taking visual inhomogeneity into consideration, one
might hypothesize that it is not the whole configuration
but rather the particular elements around the fixation point
that determine the reference frame orientation. The pos
sible influence of visual inhomogeneity on reference frame
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effects have not been studied thus far. All the experiments
referred to in the previous paragraph involved foveal
presentations of small configurations, and, under such cir
cumstances, visual processing can be regarded as nearly
homogeneous. Nonetheless, there are some trends in the
experimental data that may be interpreted as signaling the
influence of visual inhomogeneity . For example, the
strength of reference frame effects increases asymptoti
cally with increasing number of elements in configura
tion (see Palmer & Bucher, 1981, Figure 4), as though
the influence of each element in a configuration decreases
with increasing eccentricity of its location. This asymp
totic behavior of reference frame effects cannot be ac
counted for by Jafiez's (1986) model, probably because
he considers homogeneous processing.

To test whether or not visual inhomogeneity is involved
in determining the visual reference frame orientation, an
experiment was carried out using triangle stimuli such as
that shown in Figure I. The present formulations of the
AED and the symmetry hypotheses give rise to predic
tions about the orientation of the reference frame that will
be imposed on the image that differ from those arising
when visual inhomogeneity is considered. The first two
hypotheses predict that a single reference frame will be
imposed, and, therefore, all triangles should be perceived
as pointing in the same direction, regardless of which tri
angle one is looking at. If, as a consequence of visual in
homogeneity, only the elements around the fixation point
are relevant, then the triangles in each radial configura
tion, when fixated, would be seen to point in the cor
responding centrifugal direction. Therefore, if subjects
were asked to say whether the particular triangles that are
numbered in Figure 1 point up, down, left, or right, and
if visual inhomogeneity plays a role in reference frame
effects, then their response times to triangles 2,3,5, and

3

Figure 1. Sample stimulus used in the experiment. In the lower
portion of the figure, numbers are assigned to particular triangles
for subsequent reference.
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Figure 2. Basic set of four stimuli from which the 16 stimuli that
were used in the experiment were generated.

6 would be longer than to triangles 1 and 4 owing to inter
ference and facilitation between the direction of the local
configuration and the required response, respectively . If
visual inhomogeneity does not play any role and the AED
and symmetry hypotheses are valid in their present for
mulations, then the response times to all seven triangles
would be the same . A further prediction may be derived
from consideration of visual inhomogeneity: there are
more elements in the immediate surroundings of triangle 4
than there are around triangle 1, so there must be a greater
facilitatory effect in the former case, which should result
in a faster response to triangle 4 than to triangle 1. Simi
lar considerations apply to triangles 2 and 5 on the one
hand, and to triangles 3 and 6 on the other, except that
the effects in these cases are interfering, and, therefore,
the responses to triangles 5 and 6 would be slower than
those to triangles 2 and 3. Triangle 7 is embedded in a
locally neutral context, and response times to that trian
gle should be intermediate between those for triangles 1
and 4 and those for triangles 2, 3, 5, and 6.

METHOD

These predictions were tested with a group of 17 subjects using 16
stimuli derived from the basic set shown in Figure 2. The remaining
stimuli were created by rotating those in the basic set by 90 0
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and2700 about triangle 7. A large number of stimuli with triangles point
ing in any of the required directions was used to prevent subjects from
developing response strategies as the session proceeded. Regardless of
these variations, only two dimensions of each stimulus-the bias and
its amount-are relevant to the purposes of this experiment, and the ex
perimental data will be analyzed with regard only to them. The bias
between the orientation of the local configuration and the direction of
the required response may be consistent (as in triangles I and 4) or in
consistent (as in triangles 2, 3, 5, and 6) . The amountof bias may be
large if there are biasing elements on both sides of the fixated shape
(as in triangles 4 to 6) or small if there are biasing elements on only
one side (as in triangles I to 3). Triangle 7 serves as a control condition
since the local configuration in which it is embedded is neutral in all
these respects .

The experimental paradigm of interference (see Palmer & Bucher,
1981) was used. The subjects received 10 practice trials before the be
ginning of the experimental session, which consisted of 112 trials: one
presentation of every stimulus for every fixation point. The order of
presentation was decided at random. In each trial, a brief tone signaled
the presentation of a fixation spot on the screen at the place where the
subject had to look; next, the selected stimulus was presented until the
subject pressed a button to indicate that he/she had seen the triangle
pointing in the appropriate direction; a noise mask was then presented
on the screen, and finally the subject indicated the perceived direction
of pointing by means of a four-button box. The elapsed time between
presentation of the stimulus and pressing of the first button was meas
ured with a resolution of less than I msec. Response times were dis
carded on wrong trials, which were retaken at the end of the session.
Viewing was binocular with natural pupils through a translucent gray
tunnel that restricted the visible portion of the screen to a circle 27 em
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RT (msec)

1800

in diameter . Room lighting was adjusted so thai the average luminance
of the tunnel matched thai of the screen . A head and chin bar was used
to control viewing distance . which was set so that the whole configura
tion subtended 10° with triangle side being approximately .5° in length.
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x
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Errors were not analyzed because of their low rate
«2%). Mean response times, as a function of the two
relevant stimulus dimensions , are shown in Figure 3,
along with the data for the control condition . An analysis
of variance confinned the obvious main effects of bias
[F(l,1564) = 167.69, P < .00005] and the interaction
between bias and its amount [F(l ,1564) = 9.05, p <
.0025] . That is, the response times were not the same to
all triangles, and the (facilitatory or interfering) reference
frame effects were greater the larger the amount of bias
in the immediate neighborhood . Therefore, the predic
tions derived from the ABD and the symmetry hypotheses
are disconfinned, and it seems clear that both hypotheses
need to be reformulated to incorporate visual in
homogeneity .

RESULTS

,
Large

,
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Figure 3. Experimental results. Mean response time (RT, in milli
seconds) as a function of stimulus dimensions. Open squares: in
consistent bias. Filled squares: consistent bias. The control condi
tion is represented by a cross.
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Figure 4. High-spatial-frequency infonnation available after fIXatingdifferent triangles of Figure 1 under the
experimental conditions. See text for details.
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DISCUSSION

It might be said that the above results argue in favor of local refer
ence framesand have nothing to do withvisualinhomogeneity. However,
it has been shown elsewhere (Garcia-Perez, in press) that local anal
yses based on high-spatial-frequencyinformationare possibleonly with
the intervention of visual inhomogeneity, which restricts the available
high-spatial-frequencyinformation to that presentin a smallareaaround
the fixationpoint. Figure 4 makes the point. Parts a, b, c, and d, respec
tively, show the high-spatial-frequency information that is available when
triangles I, 4, 5, and 2 of Figure I are fixated under the experimental
conditions.I Clearly, visual inhomogeneity allows local orientationanal
ysis to be performed in the high-spatial-frequency range. The only fea
tures of the original stimulus that remain present in this range of fre
quencies are those around the fixationpoint, and this fact can be easily
related to the data in Figure 3 if the parametric results of Palmer and
Bucher (1981) concerning the effects of number of elements in config
urationare borne in mind. One wayof interpreting these resultsof Palmer
and Bucher is that the strength of reference frame effects, especially
for inconsistentconfigurations, increases with the number of elements
that are present within a distance of approximately 1.5 0 from the fixa
tion point.2 This is approximately the radiusof the circular area for visi
bility of suprathreshold high-spatial-frequency information found by
Garcia-Perez(in press)and used to obtainthe imagesin Figure 4. There
fore, these experimental datacan be explained as a consequence of visual
inhomogeneity if high-spatial-frequency informationis principallycon
cerned in determining the reference frame orientation.

This emphasis on high spatial frequencies is in contrast to the origi
nal proposal by Jafiez (1983), who, based on earlier work by Ginsburg
(1978), assigned the main role to low spatial frequencies. Nonetheless,
there are at least two observations that argue in favor of a dominant
role of high spatial frequencies. First, low spatial frequencies are ana
lyzed by our visual system allover the visual field (Garcia-Perez,
in press), and, hence, the asymptotic increase in reference frame ef
fects with increasingarea of stimulationcannot be simply related to the
energy in the low-spatial-frequency range. Second, and more impor
tant, reference frame effects also appear in the absence of low spatial
frequencies (Palmer, Kube, & Kruschke, 1987).

It may well be that things are not this simple and no single spatial
frequency band can be said to determine the orientation of the refer
ence frame. In fact, Janez's (1983) model includes a weighting func
tion that describes the relative contribution of every spatial-frequency
band. However, he arbitrarilygave nullweightsto all bands exceptthose
centeredone and two octavesbelow the object's fundamental frequency,
although the high spatial frequencies also give a good account of the
data (L. Janez personalcommunication; see also Garcia-Perez, I987b).
Furthermore, empirical estimates of the weighting function also show
that all spatial-frequency bands seem to playa role in reference frame
effects (Garcia-Perez, 1985).

The recourse to high spatial frequencies allows us to explain some
other parametric data on reference frame effects. For example, Palmer
and Bucher (1982, Experiment 5) found that a ground texture consist
ing of a square-wave grating of 2.7 cpd biases the perceived pointing
of a central triangle to an extent that depends on the proximity between
the triangle and the textured background. Interestingly, when that dis
tance reaches 1.30

, no significant bias appears (see Palmer & Bucher,
1982, Figure 8). As noted above, this is approximately the region at
whichhigh-spatial-frequency information is visible, and, hence, the tex
tured background lies almost completelyoutside the area at which this
kind of biasing factor is effective. Also, Merino (1986) used similar
texturedbackgrounds of noisefiltered in spatialfrequency and orientation
and of varying spatial frequencies. He found that the strength of refer
ence frame effects on the perceivedpointingof a central triangle dimin
ishes as the center frequency of the noise band gets higher. Since the
visual field areafor visibilityof spatial-frequency informationis smaller
the higher the spatial frequency (Garcia-Perez, in press), the amount
of bias is in fact smaller the higher the spatial frequency.

The results reported in this paper do not definitely rule out the sym
metry hypothesisor the AED hypothesis. The symmetry hypothesiscan
be maintained by addingemphasis on localsymmetry. The AED hypothe
sis can be maintained if visualchannelsare regarded as spatially limited
in the manner described by Garcia-Perez (in press).

In summary, then, these resultscan be interpretedas proof that visual
inhomogeneity is involved in determining the reference frame orienta
tion with the likely intervention of high-spatial-frequency information.
The influenceof the variationsof processing across the visual field also
have been shown to be relevant to perceptual phenomenasuch as visual
illusionsand multistability (Garcia-Perez, 1987a),and these results will
be reported in separate papers.
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NOTES

1. These images have been obtained as follows. First, the original
imageof Figure I was generatedin a 1,000 X 1,000 pixel format, which
was subsequently regarded as subtending 100 in each direction so that
100 pixels represent 10 of visual angle and, therefore, the highest spa
tial frequency in the image is 50 cpd. Next, the image was high-pass
filtered using Burt's (1981) hierarchical discrete correlation. Each im
age in Figure 4 was obtained by multiplying that filtered image by a
circular windowwith blurrededges, centeredat the fixationpoint (differ
ent for each image)andwith the radius experimentallyfound by Garcia
Perez (1988)as definingthe spatialextentof the highestspatial-frequency
visual channel in suprathreshold vision.

2. This interpretation is based on the facts that (I) the asymptotic
responsetimewas reachedwhen five triangleswere alignedand (2) each
individual triangle subtended about .50 of visual angle (see Palmer &
Bucher, 1981, Figure 4).

(Manuscript received April 2, 1988.)
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