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Mamassian and de Montalembert (2010) have proposed
a simple model of the vertical-horizontal illusion. This
model identified two components, an anisotropy which
results in horizontal lines being perceived approximately
6% shorter than verticals and a bisection component
which results in a bisected line being perceived
approximately 16% shorter. We have shown that this
bisection component confounds two effects: One when
lines cross one another and a second effect when one
line abuts another. We propose an extension to the
Mamassian-de Montalembert model in which their
bisection component is replaced by separate crossing
and abutting components.

Introduction
One of the ﬁrst visual illusions to be described in any
detail was the Oppel-Kundt illusion (Oppel, 1855) in
which a horizontal line with a series of vertical ‘‘ticks’’
along its length appears longer than a line of equal
length without the ticks. Helmholtz (1925) saw this
illusion as being an example of ﬁlled extents being
perceived as larger than unﬁlled extents. He cited
everyday examples of the illusions—that empty rooms
look smaller than furnished rooms, walls covered with
a paper pattern look larger than one painted in a
uniform color, and (most controversially) that women
wear horizontal stripes in order to look taller (see
Thompson & Mikellidou, 2011). Although the optimal
number of ticks has not been established with any
rigor, there are reports to suggest that the effect
increases as more ticks are introduced up to some
number between 7 (Obonai, 1933) and 14 (Piaget &
Osterrieth, 1953).

A second illusion of similar antiquity is the verticalhorizontal illusion, ﬁrst reported by Frick (1851, as cited
in Avery & Day, 1969). Usually shown as an inverted T
ﬁgure with equal-length vertical and horizontal components, it is reported that the vertical appears signiﬁcantly
longer than the horizontal. This illusion has been the
subject of much research, but the most thorough
investigation was carried out by Mamassian and de
Montalembert (2010) who have proposed a simple
model to describe quantitatively the overestimation of
the vertical segment compared to the horizontal in the
vertical-horizontal illusion. They investigated the illusion
in three conﬁgurations of a pair of vertical and
horizontal lines: ‘‘T,’’ ‘‘L,’’ and ‘‘þ.’’ They interpreted
their results as showing two independent components, in
agreement with previous studies (Charras & Lupianez,
2010; Künnapas, 1955): (a) an anisotropy bias causing a
6% overestimation of the vertical segment relative to the
horizontal one and (b) a bisection bias of approximately
16%, causing an underestimation of the bisected line
relative to the bisecting line.
The supposition that bisection is responsible for a
large underestimation in perceived length does not sit
easily with an interpretation of the Oppel-Kundt illusion
being an illusion of ﬁlled extent; why should bisecting a
line reduce its perceived length by 16% whereas
introducing more lines increases it perceived length?
The aim of the present paper is to evaluate the two
independent components of the vertical-horizontal
illusion proposed by Mamassian and de Montalembert
(2010), speciﬁcally ‘‘anisotropy’’ and ‘‘bisection’’ and to
attempt to reconcile ﬁndings on the vertical-horizontal
illusion with those on the Oppel-Kundt illusion. Several
of our experiments have used exactly the same
conﬁgurations as Mamassian and de Montalembert
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(2010) did in their study of the vertical-horizontal
illusion, but whereas they compared the horizontal to
the vertical component with each conﬁguration, we have
also compared the vertical or horizontal segment of one
of our stimuli with another independent line of the same
orientation. Based on results from two experiments, we
propose a new model to describe quantitatively the
overestimation of the vertical segment compared to the
horizontal in the vertical-horizontal illusion.
Furthermore, we have investigated the bisection
component as described by Mamassian and de
Montalembert (2010) by which the horizontal segment
of an inverted T conﬁguration is underestimated by
approximately 16% when compared to the vertical
segment of the same conﬁguration. Whereas they
proposed that bisection results in the underestimation of
the bisected line, we present evidence to suggest an
overestimation of the bisecting line. Throughout this
paper Mamassian and de Montalembert (2010) will be
referred to as MdM.
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0.68, 0.38, 08, 0.38, 0.68, 0.98; thus, the length of the
comparator stimulus ranged between 5.28 and 7.08.
Ninety-ﬁve percent conﬁdence intervals were calculated
and displayed for each condition.
Each participant undertook 336 trials; eight pairs of
stimuli each presented six times for seven comparator
stimulus sizes. Participants were asked to indicate the
longer line using a response box. Stimuli were presented
simultaneously for 500ms. The lines of the stimuli were
bright green on a black background.
Stimuli

Experiment 1
This experiment evaluates the ‘‘anisotropy component’’ as described by the MdM model in which the size
of a vertical line is always overestimated when
compared to a horizontal one of the same length.

Method
Subjects
Eleven naı̈ve participants, six female (age range 18–
27), participated in the experiment. Stimuli were viewed
binocularly from a viewing distance of 57 cm.
Design
Stimuli were generated on the screen of a Clinton
Monoray display with green phosphor. Two conditions
were interleaved; in one condition a horizontal and a
vertical line were positioned along the horizontal axis,
one next to the other (see Figure 1A), and in the other
condition the two lines were positioned along the
vertical axis, one above the other (see Figure 1B). Both
conditions were fully counterbalanced: in 50% of the
trials the horizontal line was acting as the standard
stimulus, and the remaining 50% of the trials the
vertical line was the standard stimulus. The standard
stimulus in each case was 6.18 long and was compared
with one of seven orthogonal comparator stimuli,
varying in size from slightly smaller to slightly longer
than the standard. As in all subsequent experiments,
the deviations from the standard length were 0.98,

Figure 1. Stimuli used in Experiment 1. The two configurations
shown in 1A and 1B were interleaved in the experiment.

Results
Psychometric functions (cumulative Gaussians) were
ﬁtted through the data for each subject by the method of
least squares and the point of subjective equality (PSE)
determined. Results for all participants are illustrated in
Figure 2, showing that the mean PSE when a vertical
was matched to a standard (6.18) horizontal line was
5.678; and when a horizontal was matched to a standard
vertical line, the mean PSE was 6.558. A z test revealed
that when a vertical line was compared to a horizontal
line of the same size the length of the former was
signiﬁcantly overestimated by approximately 7%, (p ,
0.01). Similarly, another z test revealed that the size of a
horizontal line was found to be signiﬁcantly underestimated by approximately 7% (p , 0.01). This result is in
line with MdM’s ﬁgure of 6% for the anisotropy
component of the vertical-horizontal illusion.

Experiment 2
The aim of this experiment was to investigate the
bisection component of the vertical-horizontal illusion,
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stimuli used were the same color, the parts to be
compared are shown in blue for the purpose of clarity.
Each participant undertook 1,400 trials; eight pairs
of stimuli were each presented 25 times for seven
variable stimulus sizes. Participants were asked to
indicate the longer horizontal line using a response box,
and the control condition was used to evaluate whether
or not they were able to carry out the task. Stimuli were
positioned one next to the other and presented
simultaneously for 750 ms.
Stimuli
Figure 2. (Left) Results from Experiment 1. The dotted line
indicates the true length of the standard line (6.18). Vertical lines
must be made shorter to match a horizontal, horizontals must be
made longer to match a vertical. Error bars show 95% confidence
intervals. (Right) Individual data from one subject. Red circles:
Comparing vertical line to horizontal standard of 6.18. Blue
squares: Comparing horizontal line to vertical standard of 6.18.

as described by the MdM model. In that model,
bisection reduces the perceived length of the bisected
line, whereas in the Oppel-Kundt illusion (Oppel,
1855), the presence of a number of dissecting ticks
increases the perceived length of the line. Helmholtz
(1925) describes this latter effect as an illusion of ﬁlled
extent, in which ﬁlled extents look larger. The key
condition here is shown in Figure 3B, the inverted T, in
which the horizontal of the inverted T is compared to a
horizontal. To extend the observation to stimuli closely
related to the Oppel-Kundt illusion, we have also
investigated conditions with ﬁve and nine vertical lines
abutting the horizontal (Figure 3C and D).

Figure 3. Stimuli used in Experiment 2. The variable stimulus
was always a simple horizontal line. The control condition is
shown in A. The configuration in B shows the inverted T, one of
the figures investigated by MdM. The lines to be compared are
shown in blue only for illustration.

Results
Method
Subjects
Ten naı̈ve participants, seven female (age range 18–
27), participated in the experiment. Stimuli were viewed
binocularly from a viewing distance of 57 cm.
Design
Four conditions were interleaved; in the control (no
vertical lines) a standard horizontal line 6.18 long was
compared with one of seven comparator stimuli
composed of another horizontal line varying in size from
slightly smaller to slightly longer than the standard. For
the other three conditions, one, ﬁve, or nine vertical lines
were positioned on the standard horizontal line in a
regular manner, and their length was equal to that of the
standard horizontal i.e., 6.18. Figure 3 below illustrates
the stimuli used in this experiment. Please note that as in
all subsequent experiments, although all parts of the

Results for all participants, illustrated in Figure 4,
show that there is no signiﬁcant decrease in the
apparent size of a horizontal line when a single vertical
abuts it at the midpoint. This is the standard version of
the inverted T vertical horizontal illusion (Frick, 1851)
and one of the conﬁgurations investigated by MdM.
An absence of a signiﬁcant difference in the perceived
size of a horizontal line was also observed when ﬁve
lines abut it whereas a marginally signiﬁcant increase of
the perceived length of the horizontal line was evident
when nine lines abutted it, the conﬁguration that most
closely approximates the Oppel-Kundt illusion.
Results show that the perceived size of the horizontal
segment in our stimuli was signiﬁcantly affected by the
number of vertical lines abutting it, V ¼ 0.74, F(3, 27) ¼
4.04, p , 0.05. A z test showed a signiﬁcant increase in
the perceived size of a horizontal line compared to the
actual physical size of the stimulus when nine lines were
present (p , 0.05).
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Figure 4. Results from Experiment 2, showing a significant
overestimation of the perceived size of a horizontal line with
nine vertical lines abutting it by approximately 2.7% (N ¼ 10).
Error bars show 95% confidence intervals. Error bars on the zero
vertical line condition are smaller than symbol.

In the present experiment the general trend of the
results suggests no signiﬁcant differences in the
apparent size of a horizontal line when one or ﬁve
vertical lines of the same size abut it. More speciﬁcally,
when a single vertical line, the same length as the
horizontal one abutted the latter, we failed to observe
any bisection component of the vertical-horizontal
illusion as MdM would predict.

4

Design
Four conditions were interleaved; in the control, a
standard vertical line was compared with one of seven
comparator vertical lines, varying in size from slightly
smaller to slightly longer than the standard. Stimuli
were positioned along the vertical axis to prevent
participants from carrying out size judgments by
matching the position of their two ends. For the other
three conditions, the standard stimulus was the vertical
component of a horizontal T, a cross, and an inverted T
which was compared against the comparator vertical
stimulus. Figure 5 illustrates the stimuli used in this
experiment. Other details are as in the previous
experiments. Please note that although all parts of the
stimuli used were the same color, the parts to be
compared are shown in blue for the purpose of clarity.
Each participant undertook 336 trials; eight pairs of
stimuli were each presented six times for seven comparator stimulus sizes. Participants were asked to indicate
the longer vertical line using a response box, and the
control condition was used to evaluate whether or not
participants were able to carry out the task. Stimuli were
presented simultaneously for 500 ms. All other methodological details were identical to those in Experiment 1.
Stimuli

Experiment 3
Experiment 2 suggests that the horizontal component of the inverted T ﬁgure is not subject to any
misperception when compared to an isolated horizontal
line. This result would suggest that bisection, per se,
does not affect perceived length. However, it should be
remembered that in the MdM study the bisected
horizontal was compared to the bisecting vertical. The
aim of this experiment was to investigate further the
bisection component of the vertical-horizontal illusion,
as described by MdM. To this end, we have manipulated the size of an independent vertical line and asked
participants to compare its length to the length of the
vertical segment of one of three conﬁgurations; a
horizontal T, a cross, and an inverted T.

Method
Subjects
Seven naı̈ve participants, four female (age range 18–
27), participated in the experiment. Stimuli were viewed
binocularly from a viewing distance of 57 cm.

Figure 5. Stimuli used in Experiment 3. The comparator stimulus
was always a vertical line located either above or below the
standard stimulus. The control condition is illustrated in A. Lines
to be compared are shown in blue only for illustration.

Results
Results for all participants are illustrated in Figure 6.
The control condition shows that participants were able
to match veridically the size of two simple vertical lines,
generating a mean match of 6.098. Moreover, when
comparing the size of a simple vertical line to the
vertical segment of a horizontal T, the mean PSE was
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Figure 6. Results from Experiment 3, show a significant 7.1%
underestimation of the perceived size of the vertical segment in
a ‘‘þ’’ and a significant 8.7% overestimation of the perceived
size of the vertical segment in an inverted T (N ¼ 7).

5.918 and a z test revealed no signiﬁcant difference
between the physical and perceived size of the latter (p
. 0.05). However, for the vertical segment of the cross
conﬁguration to be perceived equal in size with the
simple vertical line, the latter had to be approximately
7% shorter, generating a mean PSE of 5.658. A z test
revealed that this value was signiﬁcantly different from
6.18 (p , 0.01) i.e., the actual physical size of the
vertical segment in the cross conﬁguration. Finally, for
the vertical segment of the inverted T conﬁguration to
be perceived equal in size with the simple vertical line,
the latter had to be approximately 9% longer,
generating a mean PSE of 6.628. A z test revealed that
this value was signiﬁcantly different from 6.18 (p ,
0.01) i.e., the actual physical size of the vertical
segment.
Results in Experiment 3 show that the perceived size
of the vertical segment of the horizontal T condition is
not signiﬁcantly different from the control, thus
challenging the deﬁnition of the bisection component as
described in MdM’s simple model. In addition, the
perceived size of the vertical segment in a cross
conﬁguration was found to be approximately 7% smaller
than the standard. This result satisﬁed the qualitative
nature of MdM’s bisection component as there is an
observed reduction in the size of the vertical line.
However, this prediction is not satisﬁed quantitatively as
the reduction was only 7% and not 16% as they
suggested. Finally, the perceived size of the vertical
segment in an inverted T conﬁguration was found to be
signiﬁcantly longer by 9% compared to its actual size.
This result was not and could not have been predicted by
their model as they do not predict any changes in the
perceived size of a line which has its one end touching on
another line. Importantly, the thickness of the ‘‘abuttee’’

Figure 7. The abuttor has one of its ends simply touching
another line: The abuttee.

(i.e., the horizontal line), which is approximately 0.38, is
such that adding this to the length of the ‘‘abuttor’’ (i.e.,
vertical line) would lead to an insigniﬁcant increase in
the latter’s length and cannot account for the 9%
increase in its perceived size (see Figure 7).

The ABC model
Predictions
Following results from the previous two experiments, we propose an elaboration of the MdM model,
consisting of three components: anisotropy (A), abutting (B), and crossing (C). Anisotropy represents the
overestimation of the perceived length of a vertical line
compared to a horizontal one, and is identical to the
MdM model. Abutting refers to the overestimation of
the perceived length of a line, either vertical or
horizontal, that has one end simply touching or
abutting a second line. Lastly, crossing refers to the
underestimation of the perceived size of a line, either
vertical or horizontal, which crosses another one
orthogonal to it. Table 1 illustrates predictions for the
perceived size of the vertical segment in accordance
with MdM’s simple model, as well as predictions
derived from the new ABC model we propose.
According to MdM, the perceived size of the vertical
segment in the horizontal T condition would be
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Table 1. Predictions for perceived length of vertical segment within the horizontal T, cross, and inverted T figures when compared to a
comparator vertical line.

reduced compared to its actual physical size by virtue
of their bisection component. On the contrary, we
hypothesize that size perception of the vertical segment
in such a shape would be veridical as the horizontal
does not cross the vertical nor has it one of its ends
abutting another line. Both models agree that the
perceived size of the vertical segment in the cross
condition would be reduced compared to its actual
physical size by virtue of bisection. Lastly, in an
inverted T conﬁguration, MdM would predict that the
perceived size of the vertical segment should be
veridical as it is not bisected. On the contrary the ABC
model predicts that due to the fact that one end of it
abuts a horizontal line, its perceived size should be
increased. Following results from Experiment 3, we
predict that abutting will increase the size of a line by
approximately 9%, whereas crossing would decrease
the size of a line by 7%.

Experiment 4

Stimuli were viewed binocularly from a viewing
distance of 57 cm.
Design
Three conditions were interleaved; in all cases the
horizontal component of a cross, an inverted T, and an
L-shape was compared with one of seven comparator
vertical lines, varying in size from slightly smaller to
slightly longer than the standard. Both the vertical and
the horizontal segments of the standard stimuli were 6.18
long. Figure 8 below illustrates the stimuli used in this
experiment. Other details as in previous experiments.
Each participant undertook 840 trials; six pairs of
stimuli each presented 20 times for seven comparator
stimulus sizes. Participants were asked to indicate the
longer line using a response box. Stimuli were presented
simultaneously for 750ms. The stimuli were presented
as black lines on a bright green (20cd/m2) background.
Stimuli

This experiment investigated whether predictions
derived from the ABC model are upheld. Participants
were asked to compare the apparent length of a vertical
to a horizontal line. We manipulated the size of an
independent vertical line (comparator) which was
compared against the horizontal segment (standard) of
each of the three standard stimuli: a cross, an inverted T,
and an L-shape. Predictions are summarized in Table 2.

Method
Subjects
Eight naı̈ve participants, seven female (age range 18–
27), participated in Experiment 4 and Experiment 5.

Figure 8. Stimuli used in Experiment 4. The comparator stimulus
was always a vertical line located either above or below the
standard stimulus.
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Method
Design
Three conditions were interleaved; in all cases the
vertical component of a cross, an inverted T, and an Lshape was compared with one of seven comparator
horizontal lines, varying in size from slightly smaller to
slightly longer than the standard and located either to
the left or right of the standard. Each of nine naı̈ve
participants (seven female) were asked to indicate the
longer line using a response box. All other experimental
details are identical to those in Experiment 4. Figure 10
illustrates the stimuli used in this experiment.
Stimuli

Figure 9. Results from Experiment 4 (N ¼ 8), satisfying all three
predictions derived from the ABC model.

Results
Results for all participants are illustrated in Figure 9.
When comparing the size of a simple vertical line to the
horizontal segment of a cross conﬁguration, the mean
PSE was 5.238, and a z test revealed that this was
signiﬁcantly different from the actual physical size of
the stimulus (p , 0.01). The size of this reduction was
approximately 14%. For the horizontal segment of the
inverted T conﬁguration, the mean PSE was 5.768, and
a z test revealed that this was also signiﬁcantly different
from the actual physical size of the stimulus (p , 0.01).
The size of this reduction was approximately 6%.
Finally, the mean PSE for the horizontal segment of the
L-shape was found to be 6.358, and a z test conﬁrmed
that this was signiﬁcantly different from the actual
physical size of the stimulus ( p , 0.01). The size of this
increase was approximately 4%. In this experiment we
looked only at the L conﬁguration and not at both the
L and its mirror image. We have previously looked at
both conﬁgurations and found no signiﬁcant difference
between the conditions (Mikellidou & Thompson,
2011).

Figure 10. Stimuli used in Experiment 5. The comparator
stimulus was always a horizontal line located on either the left
or the right of the standard stimulus.

Results

Experiment 5
Experiment 5 investigated the opposite conditions
from Experiment 4: Participants were asked to compare
the apparent length of a horizontal to a vertical
component in the three ﬁgures. Predictions are
summarized in Table 3.

Results for all participants are illustrated in Figure
11. When comparing the size of a simple horizontal line
to the vertical segment of a cross conﬁguration, the
mean PSE was 5.988, and a z test revealed that this
result was not signiﬁcantly different from the actual
physical size of the stimulus (p . .05). The size of this
reduction was approximately 2%. For the vertical
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Table 2. Predictions for Experiment 4 derived from the ABC model.

segment of the inverted T conﬁguration, the mean PSE
was 6.528, and a z test revealed that this increase was
signiﬁcantly different from the actual physical size of
the stimulus (p , 0.01). The size of this increase was
approximately 7%. Finally, the mean PSE for the
vertical segment of the L-shape was found to be 6.998,
and a z test conﬁrmed that this result was signiﬁcantly
different from the actual physical size of the stimulus (p
, 0.01). The size of this increase was approximately
15%.

Discussion
The aim of this series of experiments was to generate
a more coherent explanation for the variations of

Table 3. Predictions for Experiment 5 derived from the ABC model.

perceived size of simple lines, either vertical or
horizontal within different conﬁgurations.
Experiment 1 investigated the anisotropy component
of the MdM simple model by comparing the perceived
size of horizontal and vertical lines to obtain an
accurate measure of the effect. In accordance with their
results, this experiment showed that the perceived size
of a vertical line is approximately 7% longer when
compared to a horizontal of the same size. Similarly,
the perceived size of a horizontal line was found to be
approximately 7% shorter when compared to a vertical
of the same size. This difference was found to be
signiﬁcant and was attributed to the difference in
orientation between the two lines.
In Experiment 2, we observed no reduction in the
perceived size of the horizontal segment in an inverted
T conﬁguration, due to bisection as described by MdM.
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Figure 11. Results from Experiment 5, showing a significant
overestimation of the perceived size of the vertical segment in
an inverted T and an L-shape configuration compared to a
simple vertical line by approximately 7% and 15% respectively
(N ¼ 9).

Subsequently, the aim of Experiment 3 was to inspect
the bisection component of the vertical-horizontal
illusion, as described by MdM, by comparing the
vertical segment of a horizontal T, a cross, and an
inverted T to an independent vertical line. It is
important to remember that they considered both the
horizontal segment of an inverted T as well as that of a
cross conﬁguration to be bisected by a vertical line.
Results from Experiments 2 and 3 have challenged
predictions derived from the MdM model. Firstly, the
deﬁnition of bisection was challenged as the perceived
size of the vertical segment of the horizontal T
condition was not found to be signiﬁcantly different. In
addition, the perceived size of the vertical segment in a
cross conﬁguration was found to be approximately 7%
smaller, satisfying the qualitative nature of the MdM
bisection component as there is an observed reduction
in the size of the vertical line, but not doing so
quantitatively as it was found to be only 7% and not
16% as expected. Finally, a signiﬁcant 9% increase was
observed in the perceived size of the vertical segment in
an inverted T conﬁguration. This increase could not
have been accounted for by their model as they do not
predict any changes in the perceived size of a line which
has its one end abutting on another line.
Based on results from Experiments 1–3, we proposed
an improved model to describe changes in the perceived
size of lines within simple shapes. This ABC model
consists of three components: anisotropy (A), abutting
(B), and crossing (C). Anisotropy represents the
overestimation of the perceived size of a vertical line

9

compared to a horizontal one by approximately 7%.
Abutting refers to the overestimation of the perceived
size of a line, either vertical or horizontal, that has its
one end simply touching or abutting a second line by
approximately 9%. Lastly, crossing describes the
underestimation of the perceived size of a line, either
vertical or horizontal, which crosses another one
orthogonal to it by approximately 7%.
The next step was to conﬁrm the validity of the ABC
model by testing one or simultaneously two components in different conﬁgurations. Based on ﬁndings
from previous experiments, we generated a series of
predictions for each one of the three stimuli used and
compared these to results from Experiments 4 and 5. In
Experiment 4, the horizontal segment of a cross, an
inverted T, and an L-shape was compared to an
independent vertical line, and all three predictions
made were conﬁrmed by results. In Experiment 5, the
vertical segment of a cross, an inverted T, and an Lshape was compared to an independent horizontal line;
two out of three predictions made were conﬁrmed
qualitatively as well as quantitatively by results. These
are displayed in Table 4.
Taking into account the fact that predictions
involving the abutting component in an L-shape were
conﬁrmed, it is not clear why in Experiment 5 the size
of the illusion in an inverted T conﬁguration was only
conﬁrmed qualitatively and not quantitatively, failing
to show an increase of approximately 16% in the
perceived size of the vertical segment. It could be
suggested that the size of the B could vary depending
on the position of the vertical line relative to the
horizontal. However, the size of the abutting component in Experiment 5 was estimated using an inverted T
conﬁguration.
Compared to the model proposed by MdM, the ABC
model has provided a better explanation for the
variations in perceived size of lines. That a threecomponent model describes data better than a twocomponent model is of itself not surprising, but we
believe we have demonstrated that their deﬁnition of
bisection was imprecise as they considered both the
horizontal segment of an inverted T and that of a cross
conﬁguration to be bisected. This imprecision led them
to conclude that the bisection component was a
shortening of the bisected line. Present results have
shown that the size of a horizontal line in a horizontal
T remains veridical (where the horizontal is the abuttee)
and that truly bisected lines exist only in the cross
conﬁguration. It is necessary to introduce the notion of
an overestimation of the length of abuttors to provide a
coherent explanation of our results.
The ABC model presented here is only a ‘‘model’’ in
the loosest sense of the word; it provides a description
of the perceived length of lines that are crossed or
abutted. However, we are well aware of its limitations.
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Table 4. Summary of predictions generated based on the ABC model and results from Experiments 4 and 5.

For example, in the seminal paper by Wolfe, Maloney,
and Tam (2005) that examined inverted T and L
conﬁgurations to test perspective theories of the
vertical-horizontal illusion, two results were found that
we have not considered here. Firstly, in the case of the
inverted T ﬁgure, they found that the point along the
horizontal at which the vertical abutted it affected the
size of the illusion, with the symmetrical inverted T
conﬁguration (the one we have used) giving the largest
illusion. Secondly, they investigated conditions in
which lines abutted a horizontal obliquely. These are
both manipulations that our experiments can shed no
light on. As Wolfe et al. (2005) concluded, ‘‘It is evident
that currently no model can account for how the
human observer will interpret two arbitrarily joined
line segments in the frontoparallel plane’’ (p. 978). This
lack remains frustratingly true, but the experiments
presented here take us a little closer to this goal.

Conclusion
To conclude, we believe that the ABC model, which
can be regarded as an extension and reﬁnement of
MdM’s model, provides a more comprehensive explanation for the perceived size of line in various
conﬁgurations. The effects of anisotropy, abutting, and
bisection were found to affect the perceived size of lines
by þ7%, þ9%, and 7%, respectively. The ABC model
is able to provide a coherent qualitative explanation for
the variations in perceived size of lines in various
conﬁgurations.

Keywords: vertical-horizontal, illusion, anisotropy,
crossing, bisection, abutting, model
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