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Interaction of Miiller-Lyer with filled-unfilled
space illusion: An explanation of

Miiller-Lyer asymmetry

WALTER K. BEAGLEY
Alma College, Alma, Michigan

The filled-unfilled space illusion was investigated as a possible explanation for the asymmetry
(difference in strength) between tails-out and tails-in versions of the Miiller-Lyer illusion. Previ
ous work has shown that removal ofthe horizontal shaft makes both configurations look shorter,
but affects them unequally and only partially reduces the asymmetry. In two experiments, illu
sion strength was varied by use of either different tail lengths or single- vs. double-ended figures.
Subjects used method of adjustment with stimuli presented by computer. When the Miiller-Lyer
was sufficiently weak, shaft removal had equal effects on both tails-in and tails-out configura
tions, but less effect on plain lines. This produced a reversal of the usual asymmetry, that is,
tails-in was stronger than tails-out. It is concluded that the asymmetry is caused by the filled
unfilled illusion. This may require reassessment of the view that the two Miiller-Lyer versions
are different illusions.

As early as 1909, Lewis argued that the Miiller-Lyer
illusion could not be explained by any single principle.
This view is now supported by a variety of studies, which
have found differences between the tails-out and tails-in
versions of the illusion. Of these, the best known differ
ence is an asymmetry of strength. When tested separately,
the tails-out (long) version is almost always stronger than
the tails-in (short) version. In addition, the tails-out and
tails-in versions respond differently to changes in such
variables as the angle between shaft and tail, distance be
tween tail tips (Sekuler & Erlebacher, 1971), and view
ing duration (Erlebacher &Sekuler, 1974; Pollack, 1964).
Finally, the two versions also respond differently to am
putation of one or more of the tails (Day & Dickinson,
1976; Greist-Bousquet & Schiffman, 1981). Sekuler and
Erlebacher noted that such differences are not easily han
dled by any single theory. They recommended that the
two versions of the Millier-Lyer be treated as separate
illusions.

A slightly different strategy is to analyze the multiple
causes of the illusion in such a way that factors responsi
ble for the differences between versions can be separated
from those that contribute similarly to both versions. The
present study pursues this strategy by searching for the
factor or factors that cause the asymmetry of strength.

The most promising lead comes from Cooper and
Runyon (1970), who reported that elimination of the
horizontal shaft connecting the two sets of tails causes a
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reduction in the strength of the tails-out illusion and an
increase in the strength of the tails-in version. Although
they did not include a plain-line control from which to
measure asymmetry, the direction of change they reported
should produce a reduction or reversal of the usual asym
metry. Pressey and Moro (1971) showed that Cooper and
Runyon's results could be explained by the existence of
a filled-unfilled space illusion, wherein a line always looks
longer than an equivalent extent of empty space. Remov
ing the shaft makes both configurations of the illusion ap
pear shorter, thus adding strength to the tails-in version
and subtracting strength from the tails-out version. Con
versely, the presence of the shaft should make both con
figurations look longer. By adding to the tails-out ver
sion and subtracting from the tails-in version, this might
be what produces the commonly observed asymmetry.

However, a plain line with no tails attached, which is
often used to control for error introduced by the meas
urement process, should also control for effects of the
filled-unfilled illusion. The use of such a control might
thus be expected to eliminate the asymmetry, but in fact
it does not (e.g., Erlebacher & Sekuler, 1974). There
fore, the filled-unfilled illusion will work as an explana
tion of the asymmetry only if it has a stronger effect on
the Miiller-Lyer figures than it has on plain lines.

Two studies employing plain-line controls (Beagley,
1982; Greist-Bousquet & Schiffman, 1981) have not
resolved this issue satisfactorily. Although shaft removal
did have more effect on tails-out Miiller-Lyer than on the
control, the effect on the tails-in version was considera
bly less, approximately equal to that on the control (see
Figure 1). This adds another to the growing list of differ
ences between the two versions. Also, although shaft
removal did reduce the asymmetry, it did not eliminate
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EXPERIMENT 1

Figure 1. Effect of shaft removal on two versions of the Muller
Ly~r illusion. Stimulus configurations are shown adjacent to data
pomts. Shaft removal makes all three configurations look shorter,
but has greatest effect on tails-out Miiller-Lyer. Asymmetry is
reduced but not eliminated. (From Beagley, 1982. See also Greist
Bousquet & Schiffman, 1981, Figure 3.)

In order to determine why the filled-unfilled illusion
has a greater effect on tails-out Miiller-Lyer than on tails
in, this experiment investigated whether this difference
would remain stable as the magnitude of the Miiller-Lyer
illusion was varied. Magnitude was changed by length
ening or shortening the tails.

Apparatus and Stimuli. The stimuli were presented by a DEC
~DP-ll/?O computer on a Tektronix 4012 (storage type) CRT graph
ICS terminal, capable of 0.2-mm resolution. The images appeared
as bright green lines (3.2 cd/cm') on a dark background
(0.26 c?/cm'). The screen was 212 x 165 mm and was positioned
approxlm~tely 508 mm from the subject's eyes.

The honzontal shaft (or empty space) of all stimulus figures was
40 mm in l~ngth (4.4 0 of visual angle). The tails were 3, 5, 8, 12,
or ~8 mm 10 length and were placed at an angle of 30 0 from the
honzontal. The adjustable line was placed above and to the right
of.the stimulus. figure. In order to control for a tendency to under
adjust, each stimulus was presented twice, once with the adjusta
ble len~ at an initial value one-third longer than the stimulus, once
at one-third shorter. On each trial, this value was further varied
by the addition or subtraction of a randomly determined amount
between 0% and 15% of the stimulus length. This ensured that the
amount of adjustment required would be different for every trial.

Procedure. Each subject sat in front of the screen listened to
instru.ctions, and made.two practice adjustments befor~ starting the
expenment. On each trial, both the stimulus and the adjustable figure
were drawn on the screen. If the subject judged that they looked
to be different in length, he or she pushed a key that activated a
set of ~ovable cross hairs. Using dials adjacent to the keyboard,
the subje~t then moved the cross to the point where the right end
of.the adjustable figure should terminate in order to equalize per
ceived lengths. When the key was pressed again, the cross hairs
disappeared, the entire screen was erased, and the figures were
redrawn with the adjustable figure at its new length. The subject
was allowed to repeat the adjustment process until satisfied that the
~wo hor,iZontallengths were perceptually equal. At this point, press
10g a different key erased the screen, recorded the error (differ
ence in millimeters between stimulus figure and adjustable figure),
and produced the figures for the next trial. This continued until each
of the six stimuli had been presented twice, in random order.

In order to prevent the subject from using specks of dust or
smudges on the screen face as landmarks, the adjustable figure was
moved to the right or left by a small random amount each time it
was drawn or redrawn.

Results
Figure 2 shows that, for all but the shortest tail lengths,

presence or absence of shaft continues to have a greater
effect on the tails-out configuration. But although the tails
in Miiller-Lyer shows a generally weaker filled-unftlled
effect, this appears to vary inversely with tail length. The
tails-in stimulus with 3-mm tails is more strongly affected
by presence or absence of shaft than the one with 12- or
18-mm tails. An analysis of variance was calculated with
the values obtained by subtracting the plain line control
score from each illusion error score. Main effects were
significant for configuration [F(1,70) = 449.5, P <
.0001] and tail length [F(4,70) = 10.3, P < .0001]. The
interaction between configuration and shaft condition was
significant [F(1,70) = 59.8, P < .0001], as was the in
teraction between configuration and tail length [F(4,70)
= 8.8, P < .0001]. Finally, the three-way interaction
between configuration, shaft condition, and tail length was
also marginally significant [F(4,70) = 3.1, P < .03].

Discussion
This experiment confirms that, in general, the filled

unfilled illusion has a stronger effect on tails-out Muller
Lyer than on tails-in. But at short tail lengths (3 mm),
this difference disappears and both configurations are
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or reverse it. Thus, although they appear to be related,
the ftlled-unfilled illusion does not yet provide an ade
quate explanation for the Miiller-Lyer asymmetry.

The two experiments reported here were designed to
determine why the filled-unfilled illusion has a greater
effect on one version of the Miiller-Lyer than on the other.
An answer to this question should clarify the relationship
between the filled-unfilled illusion and the Miiller-Lyer
asymmetry.

Method
Subjects. The subjects were 75 volunteers, recruited from several

undergraduate psychology courses.
Design. Using the method of adjustment, each subject judged six

different stimuli composed from three configurations (tails-out
Miiller-Lyer, tails-in Miiller-Lyer, and plain line) x two shaft con
ditions (present, absent). In the plain-line, shaft-absent stimulus,
the ends of the unfilled space were marked by two small dots. Sub
jects were divided into five groups, each of which judged Miiller
Lyer figures with a different tail length.
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EXPERIMENT 2
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(Day & Dickinson, 1976). In this experiment, single
ended and double-ended Muller-Lyer illusions were com
pared to see whether the weaker, single-ended stimuli
would produce less interaction between shaft condition
and (tails-in vs. tails-out) configuration.

Method
The subjects were 50 volunteers from several undergraduate psy

chology courses. They were divided into two groups. One judged
double-ended Miiller-Lyer figures, as in the previous experiments.
The other group judged single-ended figures with tails attached to
the left end only. Each subject judged six stimuli composed from
the same three configurations (tails-in, tails-out,and plain line) X
two shaft conditions (shaft present and shaft absent). In the shaft
absent condition, dots were used to mark the ends of all stimuli
not connected to tails. Shaft length was 40 rnrn, and tail length was
10 mm. The procedure was identical to that of Experiment 1.

Results
The data for double-ended figures (Figure 3, solid lines)

exhibit the same pattern seen in previous experiments.
Presence or absence of shaft has more effect on the tails
out version, less effect on the tails-in one. The single
ended data (Figure 3, broken lines) are strikingly differ
ent. Here, shaft condition has the same effect on both ver
sions of the Miiller-Lyer and slightly less effect on the
control.

An analysis of variance was calculated with the uncor
rected data for the two Miiller-Lyer configurations. The
uncertain status of the plain-line control was examined
in a separate analysis (below). Main effects were signifi-

Figure 3. Effect of shaft condition on single- vs, double-ended
Miiller-Lyer ilInsion. Configurations are shown at right. Weaker,
single-ended illusion figures show equal shaft condition effect for
both tails-in and tails-out configurations. In the no-shaft condition,
the tails-in error is further from the control than is tails-out error.
This is the reverse of the asymmetry seen with shaft present.
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Figure 2. Effects of shaft condition and tail length on error mag
nitude. Tail lengths in millimeters are given at right. As tail length
shortens, error decreases and the effect of shaft condition on the
tails-in configuration increases.

equally affected. This three-way interaction among con
figuration, shaft condition, and tail length is just what one
would expect if there were some type of floor effect or
barrier limiting the maximum amount of perceptual short
ening achievable by illusion. As long as tails are short.:
there is ample room for full expression of the filled
unfilled effect. As tails lengthen, however, the Miiller
Lyer illusion becomes stronger, until the combination of
Miiller-Lyer and filled-unfilled illusions begins to
challenge the barrier. Stimuli with the strongest negative
error (tails-in, shaft-absent) would be prevented from
reaching their expected values. This would explain why
shaft condition usually has less effect on the tails-in con
figuration than on the tails-out one.

This explanation is subject to the caution that changes
in tail length may have affected the relationship between
the two illusions through some means other than the
altering of Miiller-Lyer magnitude. Experiment 2 pursues
this by using a different manipulationto vary illusion mag
nitude.

If there is some barrier or floor below which the nega
tive tails-in illusion cannot be pushed, then any weak form
of the Miiller-Lyer ought to show approximately the same
amount of filled-unfilled effect for both tails-in and tails
out configurations. One straightforward way of weaken
ing the illusion is to attach tails to only one end of the
shaft. This typically produces about half as much error
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cant for configuration [F(1,48) = 627.6, P < .0001] and
shaft condition [F(1,48) = 109.7, P < .0001]. Because
the group variable, number of ends, caused error scores
for the two configurations to move in opposite directions,
it did not show overall significance. Its effect is reflected
in a significant interaction between configuration and num
ber of ends [F(1,48) = 56.83, P < .0001]. Finally, a
comparison of the two groups shows that changing the
illusion figures, from single ended to double ended, dou
bles the illusion magnitude for all stimuli except the tails
in, shaft-absent combination. This exception is reflected
in the significant interaction between configuration and
shaft condition [F(1,48) = 22.31, P < .0001], as well
as the three-way interaction among configuration, shaft
condition, and number of ends [F(1,48) = 9.09, p <
.005].

Two matched-pairs T tests confirmed that, for single
ended figures, shaft condition has a greater effect on each
Muller-Lyer configuration than it has on the plain-line
control [for tails out, T(24) = 4.25, P < .002, one-tailed;
for tails-in, T(24) = 1.98, P < .03, one-tailed].

Supplementary experiment. It was noted in the in
troduction that the filled-unfilled illusion might serve as
an explanation for the Miiller-Lyer asymmetry if it had
more effect on Miiller-Lyer stimuli than on plain lines.
All available data have shown this to be so for the tails
out configuration. In this experiment it was true also for
tails-in figures of the weaker, single-ended variety. To
confirm this, 22 subjects were shown four stimuli, com
posed from two configurations (single-ended tails-in
Muller-Lyer and plain-line control) X two shaft condi
tions (shaft present and shaft absent). Again, presence or
absence of shaft had a greater effect on the tails-in Muller
Lyer than on the plain line. Mean error scores for tails
in Miiller-Lyer were -4.2 and -1.1 mm for shaft-absent
and shaft-present, respectively. Control means were -1.6
and 0.4 mm. An analysis of variance yielded significant
main effects and a significant interaction between shaft
condition and configuration [F(1,2l) = 5.62, P < .03].

Discussion
This experiment supports the barrier hypothesis ad

vanced in Experiment 1 and thus answers the original
question of why the filled-unfilled illusion usually has
more effect on tails-out than on tails-in stimuli. The com
bination of negative error produced by the strong double
ended form of the tails-in Muller-Lyer with that produced
by shaft absence would exceed the limit imposed by the
barrier, and so must be underrepresented in the data. The
weaker, single-ended form used in this experiment avoids
the barrier, resulting in approximately equal filled-unfilled
effects for both tails-in and tails-out configurations.

Under these conditions, it can be seen that the filled
unfilled effect is responsible for the asymmetry of
strength; although the filled-unfilled effect is equal for the
two Muller-Lyer configurations, it is significantly less for
the plain-line control. Comparison of data for single-ended

figures (Figure 3, broken lines) with the control data (open
circles) shows that direction of asymmetry is reversed in
the shaft-absent condition. When data are averaged across
shaft conditions, the asymmetry disappears. The tails-in
and tails-out illusions are of equal strength.

GENERAL DISCUSSION

The primary finding of this study is that if the Muller
Lyer illusion is kept weak, either by shortening tails (Ex
periment 1) or by using a single-ended illusion figure (Ex
periment 2), the filled-unfilled illusion has equally strong
effects on both tails-out and tails-in versions, but a weaker
effect on plain lines. In the usual case, when shafts are
present, both Muller-Lyer versions are perceptually
lengthened more than the control. This leads to an exag
geration of the tails-out illusion and a diminution of the
tails-in illusion, thus producing the commonly reported
asymmetry. When shafts are absent, both Muller-Lyer
versions are perceptually shortened more than the con
trol, and the asymmetry is reversed. The fact that the
asymmetry can be pushed either way by simply includ
ing or excluding the connecting shafts is strong support
for the view that it is caused by the ftlled-unfilled illusion.

Another way to look at this is that the asymmetry is
an artifact caused by the use of the plain-line control,
which is an inadequate control for the Muller-Lyer be
cause it does not respond equally to the filled-unfilled il
lusion. This artifact can be neutralized by using a weak
form of the illusion and averaging data from shaft and
no-shaft conditions.

A secondary finding concerns the suggested existence
of a barrier or limit beyond which the strength of the tails
in Miiller-Lyer cannot be increased. What might be the
nature of this barrier, and why is there no equivalent bar
rier blocking elongation of the tails-out figure? First of
all, it might not be a characteristic of the Miiller-Lyer at
all, but rather a failure of perfect additivity between the
Miiller-Lyer and ftlled-unfilled illusions. Coren and Ward
(1979) have demonstrated that the Miiller-Lyer fails to
combine in a simple additive manner with most other il
lusions of length.

More speculatively, the barrier could be due to psy
chophysical or cognitive variables. For example, very
powerful versions of the illusions might attract more
viewer attention than other stimuli. There is evidence that
perceived length increases with amount of attention (Vur
pillot, 1959) or viewing duration (Erlebacher & Sekuler,
1974). This would limit the magnitude of the tails-in
Muller-Lyer, because as it became more powerful, it
would attract more attention, which would increase per
ceived length and thus weaken the illusion. A parallel
lengthening of the tails-out version would, of course, ex
aggerate rather than limit its magnitude.

In the present study, the effect of the barrier was sig
nificant only for the strongest negative illusion, (double
ended, shaft absent, tails-in). There is, however, no
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guarantee that this or some other "ceiling" effect may
not come into play whenever a sufficiently strong illu
sion is produced. It might be prudent to prefer weaker
forms when investigating interactions among illusion
variables.

Another question is whether the filled-unfilled illusion
produced here by the shaft, no-shaft manipulation is relat
ed to the Oppel-Kundt filled-unfilled illusion produced
when dots divide a space into a series of smaller spaces.
Both involve the filling of space and are of similar mag
nitude, but they may result from different processes. The
phenomenon described here involves the effect of a sin
gle, uninterrupted contour. The Oppel-Kundt depends on
the subdivision of a linear extent (Piaget, 1969).

Finally, it is unclear why the filled-unfilled illusion has
a stronger effect on Muller-Lyer figures than on plain
lines. Preliminary explorations show that lines with per
pendicular tails behave like plain lines, so the difference
is not caused by the mere presence or absence of ap
pendages.

As each theory proposed to explain the Miiller-Lyer has
been challenged by exceptions and objections (see Over,
1968, for review), there has grown a consensus that the
illusion has multiple causes and that the two versions merit
separate experimental treatment because they may have
different causes (Coren, 1970; Day & Dickinson, 1976;
Greist-Bousquet & Schiffman, 1981; Howard & Wagner,
1973; Sekuler & Erlebacher, 1971). The production, in
this study, of a symmetrical Miiller-Lyer illusion does not
necessarily mean that all of the differences between the
two versions have been eliminated. In addition to the
differences listed in the introduction, there are factors such
as length assimilation that may not affect both versions
equally (Brigell, Uhlarik, & Goldhorn, 1977;
Clavadetscher & Anderson, 1977). What this study sug
gests is that a multiple cause model may have to include
more than two or three causal components, and that the
differences between the two versions may involve only
some of these. The amount of causal overlap between the
two versions remains to be determined.
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