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Abstract L-shaped configuration is a commonly used stimu-
lus configuration in studying horizontal vertical illusion. Here,
we report that the horizontal vertical illusion is substantially
underestimated when the L-shaped configuration is used for
evaluating the illusion. Experiment 1 found that, in a length
perception task, the perceived length of a vertical bar was
about 10% longer than that of a horizontal bar with the same
physical size. Similar amount of HVI was found in a length
comparison task, in which the length of a horizontal bar was
compared to that of a vertical bar and the two bars were pre-
sented separately in space or in time. In contrast, when the
length comparison taskwas conducted with the two bars being
arranged in a connected L-shape, the illusion was halved in
strength. Experiment 2 and 3 studied what might be the cause
of this L-shape induced HVI-underestimation. Two factors
were investigated: the connectedness of the two lines, and
the 45° absolute orientation or the 45° inner angle information
embedded in the upright isosceles L-shape. The results
showed that the HVI strength was not much affected when
the 45° absolute orientation and the 45° angle information was
made useless for the length comparison task. In contrast, the
illusion was significantly reduced in strength whenever the
two lines were separated as compared to when they were
connected. These results suggested that the connectedness of
the two lines must underlie the underestimation of the hori-
zontal vertical illusion in the L-shaped configurations.
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Introduction

A vertical line appears slightly longer than a horizontal line
that has the same physical size. This phenomenon is known as
the horizontal vertical illusion (HVI). Since first discovered by
Fick (1851), the HVI has been investigated extensively. Two
prevalent accounts proposed for the HVI were the framing
account and the size-constancy-scaling hypothesis. The fram-
ing account (Avery and Day 1969; Houck et al 1972;
Künnapas 1955, 1957) attributes the illusion to the fact that
our visual field is an oval, with the horizontal axis being lon-
ger than the vertical axis. The monocular visual field is about
160° versus 135° (Spector 1990), and the binocular visual
field is about 200° versus 130° (see Prinzmetal and
Gettleman 1993). If perceived size is correlated to the relative
proportion occupied by the line in the visual field, the vertical
line would be estimated relatively longer. In contrast, the size-
constancy scaling hypothesis (Girgus and Coren 1975;
Gregory 1963) emphasizes the fact that a vertical line is typ-
ically perceived as receding from the observer, whereas a hor-
izontal line is often perceived to lie in a frontal-parallel plane.
The mechanism underlying size-constancy may scale the per-
ceived size of horizontal lines and vertical lines differently.
Later studies showed that both pictorial depth and framing
have independent effects on the HVI (e.g. Williams and
Enns 1996).

It has been shown that stimulus configuration is an impor-
tant factor that strongly influences the horizontal vertical illu-
sion (Charras and Lupiáñez 2010; Cormack and Cormack
1974; Wolfe et al. 2005). For example, Finger and Spelt
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(1947; see also Künnapas 1955) demonstrated that if the two
lines were arranged in an L-shape, the resulted illusion (about
5%) was weaker than that when the two lines were arranged in
an inverted T-shape (about 10%). It was thus proposed that the
inverted-T illusion consists of two biases – the vertical bias
and the bisection bias. Other types of stimuli configurations,
including side-T, cross (Cormack and Cormack 1974;
Künnapas 1955) or dissected-T (Landwehr 2015) have also
been investigated.

Whereas stimulus configuration clearly affects the strength
of the horizontal vertical illusion, the illusion can be demon-
strated alone by length perception of tilted lines (e.g.
Armstrong and Marks 1997; Pollock and Chapanis 1952;
Teghtsoonian 1972; Verrillo and Irvin 1979). That is, the per-
ceived length of a line is a function of the orientation of that
line, with the vertical line being perceived relatively longer
than the equal-sized horizontal line. What’s interesting is that
the strength of the HVI demonstrated by the length perception
studies (>10%; e.g. Pollock and Chapanis 1952; Teghtsoonian
1972; Verrillo and Irvin 1979) often appeared larger than that
of the HVI found in the length comparison studies with L-
shaped configurations (about 5%; e.g. Avery and Day 1969).

The horizontal vertical illusion essentially reflects the dif-
ference between perceived horizontal sizes and perceived ver-
tical sizes, although multiple sources, including framing, size-
constancy scaling, stimulus configuration, etc., may contrib-
ute to it. The fact that HVI obtained in the length perception
task is often larger than that seen in the length comparison task
with L-shaped configuration suggests that the HVI is
underestimated in length comparison task with L-shaped con-
figuration. If it is the case, what might be the cause? Here, we
propose two possibilities. First, the 45° angle (or the 45° ab-
solute orientation) information embedded in an upright L-
shape with two equal legs may help the observer in the length
comparison task. Second, the connectedness of the two lines
forming the L-shape may contribute to the HVI-
underestimation.

When the two sides of an upright L-shape matches in size,
the implicit line connecting the two ends of the L-shape be-
comes 45° tilted from horizontal (i.e. the 45° absolute orien-
tation information), and the L-shape also forms an implicit
isosceles right-triangle, containing two 45° inner angles (i.e.
the 45° angle information). Participants may use this 45° ori-
entation or the 45° angle information to help performing the
length comparison task. In fact, participants are pretty accurate
in estimating vertical and horizontal orientations, and the es-
timated 45° orientation is only slightly exaggerated (Dick and
Hochstein, 1989; Durgin and Li, 2011).

The reason that we also suspect the connectedness of the
two lines forming the L-shape might contribute to the HVI-
underestimation is because of a recent observation made by Li
and Durgin (2017). They asked participants to match the
length of a horizontal rod to that of a vertical rod in a virtual

outdoor environment. The rods were around 1-meter long.
The observedHVIwas only about 7%when the two rods were
connected to each other forming an L-shape. Much larger
illusion (about 17%) was observed when the two rods were
presented separately at different depth. If connectedness was
responsible for the HVI-strength-change in Li and Durgin’s
experiment, it may also underlie the HVI-underestimation de-
scribed above.

In the present study, three experiments were conducted to
examine whether one (or both) of the aforementioned possi-
bilities may contribute to the HVI-underestimation observed
with L-shaped configurations. Experiment 1 replicated the
HVI-underestimation, using similar procedure and stimuli pa-
rameters in both the length perception and length comparison
tasks. This replication ruled out the possibility that the HVI-
underestimation was a methodological artifact, because previ-
ous studies on HVI often used a single type of task (either the
length perception or the length comparison) and the stimuli
parameters were often different across studies. Experiment 2
and 3 further investigated the effect of connectedness and of
the 45° absolute orientation (or the 45° angle) information on
the observed HVI strength.

Experiment 1

Experiment 1 served as a replication of the HVI-
underestimation with L-shaped configurations. Four tasks
were employed including the length perception task and the
traditional length comparison task, with connected L-shaped
configuration. A strength difference in the HVI was expected
between the two tasks. In order to make sure the HVI strength
difference is not due to different task type (i.e. length percep-
tion vs. length comparison), two additional length comparison
tasks with disconnected L-shaped configurations were also
tested.

Methods

Participants

Thirty students (17 female) from Zhejiang University partici-
pated in this experiment for payment. All the participants had
normal or corrected to normal eye sight. The experimental
procedures reported in the present study were approved by
the local research ethics committee and were conducted in
accordance with the Declaration of Helsinki.

Task and stimuli

Four HVI tasks were tested. In the Length perception task
(Fig. 1, task 1), participants estimated the length of a line
(either horizontal or vertical) and compared it to a labeled size
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shown at the top-left corner of the screen. In the HVI_L task
(Fig. 1, task 2a), participants compared the length of a hori-
zontal line to that of a vertical line. The two lines formed a
connected L-shape. In the HVI_spatial_gap task (Fig. 1, task
2b), participants compared the size of a horizontal line and that
of a vertical line. A spatial gap with a random size (i.e. 1.2 ~
5.1 cm wide vertically, and 1.2 ~ 5.1 cm wide horizontally)
separated the two lines. The HVI_temporal_gap task (Fig. 1,
task 2c) was pretty similar to the HVI_spatial_gap task, with
the only exception that the two lines were presented separately

in time other than in space, with a 1 sec temporal interval. In
all the length comparison tasks, the vertical line was equal
likely to be on the upper or lower side of the screen, while
the horizontal line was equal likely to be on the left or right
side of the screen. The thirty participants were randomly
assigned into three groups (ten in each). The tasks were
blocked. Each group did the length perception task first,
followed by one of the length comparison task. The stimuli
were presented on a 21-inch CRTmonitor, with a frame rate of
100 Hz. The background was black. The width of the lines
was fixed to 0.31 cm. In the length perception task, three
labeled sizes (B4 cm^, B6 cm^ and B8 cm^) were tested. The
length of the line was varied from trial to trial according to a
staircase procedure (see the Procedure section). In all length
comparison tasks, two orthogonal lines (a reference line and a
test line) were shown in each trial. The reference line was
horizontal or vertical, with a fixed size (4, 6, 8 cm). The size
of the test line was adjusted from trail to trial according to the
same staircase procedure. The stimuli were viewed at a dis-
tance of 70 cm.

Procedure

In all four tasks, a logarithmic up-down staircase procedure
was used to simultaneously measure the point of subjective
equalities (PSEs). In the length perception task, participants
judged whether the line was longer or shorter than that indi-
cated by the labeled size. In the three length comparison tasks,
participants judged which of the two lines was longer.
Responses were collected via key press. The participants were
allowed to take as much time as needed to make decision.

In the length perception task, six stimuli combinations were
examined, i.e. 3 labeled sizes (4, 6, 8 cm) x 2 line orientations
(horizontal or vertical). Two staircases were used for each
stimuli combination, with one staircase started with a length
that was twice the labeled size (i.e. 8, 12, 16 cm), and the other
started with a size that was half the labeled size (i.e. 2, 3, 4
cm). A total of twelve interleaved staircases were used. On
each trial, a two-alternative forced-choice response was col-
lected. The size of the line for the next trial in that staircase
was adjusted up or down by a variable multiplicative step size,
depending on the response given and the number of Bturns^ in
that staircase so far. A Bturn^ is defined when two consecutive
responses to the same staircase series differ. The initial step
size was 3.2 cm, which declined to 1.6 cm after the first turn,
to 0.8 cm after the second turn, and to 0.4 cm after the third
turn, where it remained thereafter. Ten Bturns^ for each of the
twelve staircases were required to finish the test. The twelve
staircases were randomly interleaved with the relative proba-
bility of a staircase being selected on any given trial being
proportional to the square of the number of Bturns^ remaining
in that staircase. This rule served to roughly synchronize the
progress across all the twelve staircases. In the three length

Fig. 1 Diagrams depicting the 4 tasks tested in Experiment 1. Two
sample stimuli are shown for Task 1, 2a and 2b
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comparison tasks, two orthogonal lines (a reference line and a
test line) were presented in each trial. The length of the refer-
ence line was fixed to 4, 6 or 8 cm. The size of the test line was
adjusted up or down using the same staircase procedure. In the
HVI_temporal_gap task, the vertical line and the horizontal
line were equal likely to be shown first.

Results

Figure 2 shows the result of the length perception task. Mean
PSE of the matched size is plotted as a function of the labeled
size and line orientation. The mean PSE of matched size was
systematically greater than the labeled size, indicating under-
estimation in the perceived size. The underestimation was
stronger for the horizontal lines, e.g. a vertical line of
10.2 cm was matched to the B8 cm^ size, while a horizontal
line of 11.4 cm was also matched to B8 cm^. This anisotropy
in perceived size is consistent with the horizontal vertical il-
lusion. A 3 (labeled size: 4, 6, 8 cm) x 2 (line orientation:
horizontal, vertical) repeated-measures ANOVAwas conduct-
ed on the PSE data of the length perception task. A statistically
significant main effect was found for the labeled size, F(2, 58)
= 168.5, p <.001, η2 = 0.62, and the line orientation, F(1, 29)
=62.8, p <.001, η2 = 0.04; but a statistically significant inter-
action was also revealed between labeled size and line
orientation, F(2, 58) =12.1, p <.001, η2 =0.005. A post hoc
analysis of this interaction examined the simple main effect of
the line orientation on PSE across the three labeled sizes sep-
arately, which revealed that the mean PSE for the horizontal
line was significantly greater than that for the vertical line at
the B4 cm^ size, F(1, 29) = 25.6, p <.001, η2 = 0.03, the B6
cm^ size, F(1, 29) = 30.8, p <.001, η2 = 0.05, and also the B8
cm^ size, F(1, 29) = 65.3, p <.001, η2 = 0.05. This interaction
is arising from the fact that the difference in length estimation
between vertical and horizontal lines is greater in the B8 cm^
than B6 cm^ than B4 cm^ cases.

Because each participant first did the length perception
task, HVI was estimated from the length perception data for

each participant, by making the PSE for the vertical line the
standard and computing the percent difference based on the
PSE of the horizontal line. A one-way repeated-measures
ANOVA with labeled size as the only factor was conducted
on the estimated HVI data. No statistically significant main
effect of labeled size was found, F(2, 58) = 0.039, p =.921, η2

= 0.001. That is, the HVI observed in the length perception
task did not vary in magnitude with the labeled-sizes tested.
This result showed that the observed interaction between la-
beled size and line orientation went away when data were
normalized to percent difference, which suggested a Weber-
esque scaling effect. The HVI data were then collapsed across
labeled size. The mean HVI was 10.5% (Fig. 3, left-most bar).

The HVI observed in the length perception task provided a
baseline (10.5%) for the magnitude of HVI in our participants.
We then examined the HVIs observed in the length compari-
son tasks. The HVI of each participant at each reference line
size (4, 6, 8 cm) was obtained for each length comparison task,
by comparing the PSE for the test line size to the correspond-
ing reference line size. A mixed-effects ANOVAwith the ref-
erence line size (4, 6, 8 cm) as within-subject factor and with
the task type (HVI_spatial_gap, HVI_temporal_gap, HVI_L)
as between-subject factor was conducted on the HVI data
from the length comparison tasks. A statistically significant
main effect of task was found, F(2, 27) = 4.59, p = .019, η2 =
0.201. No significant main effect of reference line size was
found, F(2, 54) = 1.78, p =.179, η2 = 0.017, nor significant
interaction between task and reference line sizewas seen, F(4,
54) = 1.29, p =.287, η2 = 0.025. A pairwise t-test with
Bonferroni correction revealed that the mean HVI observed
in the HVI_L task (M = 5.4%) was significantly smaller than
that observed in the HVI_spatial_gap task (M = 9.9%) (p
<.005) and than that observed in the HVI_temporal_gap task
(M = 10.5%) (p <.001), but the difference in the mean HVI
observed between the HVI_spatia l_gap task and
HVI_temporal_gap task was not significant (p >.50). Three
one-sample t-tests were conducted to compare the HVI

Fig. 2 Results of the length perception task in Experiment 1. The mean
PSE of matched line size is plotted as a function of the labeled size and
line orientation. Standard errors are shown

Fig. 3 Meanmagnitude of the horizontal vertical illusion observed in the
four tasks examined in Experiment 1. The error bars represent the 95%
confidence intervals
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observed in the length comparison tasks to the HVI baseline
(10.5%) observed in the length perception task. The mean
HVI in the HVI_L task was significantly smaller than
10.5%, t(9) =-3.33, p <.01, Cohen’s d =1.05; but no significant
difference was seen between 10.5% and the mean HVI from
the HVI_spatial_gap task, t(9) = -0.51, p =.621, Cohen’s d
=0.16; nor between 10.5% and the mean HVI from the
HVI_temporal_gap task, t(9) = -0.018, p =.986, Cohen’s d
=0.006.

Discussion

In Experiment 1, we compared the horizontal vertical illusion
reflected from a length perception task to that reflected from a
length comparison task with three different stimuli configura-
tions (i.e. the two lines were connected and arranged in an L-
shape, or the two lines were separated by a spatial gap, or the
two lines were separated by a temporal gap). If the HVI re-
flects a perceptual anisotropy between horizontal and vertical
sizes, the illusion seen in the length perception task actually
provides a baseline for the magnitude of the illusion. The
present results showed that the mean illusion was 10.5% for
our participants. The illusion observed in the length compar-
ison tasks varied with stimuli configuration. The strength of
the illusion was no different from the baseline when the two
lines were separated either in space or in time. In contrast, the
illusion was significantly reduced when the stimuli were con-
figured in a connected L-shape. These results suggested that
the horizontal vertical illusion is underestimated in connected
L-shaped configurations.

As mentioned in the introduction, we suspect two possible
factors that may contribute to the HVI-underestimation in L-
shaped configurations: The 45° absolute orientation/45° angle
information contained in the isosceles upright L-shape (when
the two lines match in size), and the connectedness of the two
lines forming the L-shape. Experiment 2 examined the possi-
ble effect of the 45° absolute orientation information, while
Experiment 3 examined the effect of the 45° angle informa-
tion. The connectedness was manipulated in both Experiment
2 and 3.

Experiment 2

The purpose of Experiment 2 was to examine whether the
HVI-underestimation observed in the connected L-shaped
configuration in Experiment 1 was due to the 45° absolute
orientation information contained in the upright L-shape or
was caused by the connectedness between the two lines.
When the length of the two lines matches, the implicit line
connecting the two ends of the upright L-shape would become
45° tilted from horizontal. Studies on orientation perception
suggested that people are pretty accurate at estimating

horizontal and vertical orientations, and the estimated 45° ori-
entation is also only slightly exaggerated (Dick and
Hochstein, 1989; Durgin and Li, 2011). Therefore, partici-
pants may be able to use this orientation information to help
them better performing the length comparison task. In
Experiment 2, this absolute orientation information was made
helpless for the length comparison task, by rotating both lines
15° clockwise.

Methods

Participants

Twelve students from Zhejiang University participated in
Experiment 2. All the participants had normal or corrected
to normal eye sight. None of them participated in
Experiment 1.

Fig. 4 Diagrams depicting the four tasks used in Experiment 2. Two
sample stimuli are shown for each task
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Task, stimuli, and procedure

Awithin-subject design with 2 orientations (upright or 15°-tilt)
x 2 connectivity types (connected or spatially-separated) was
used, generating four tasks (Fig. 4). The HVI_L and the
HVI_spatial_gap tasks were identical to those tested in
Experiment 1. The HVI_L_15° and the HVI_spatial_gap_15°
tasks were new. The new tasks weremodified from the old ones.
The only difference between the new tasks and the correspond-
ing old tasks was that the whole stimuli were rotated 15° clock-
wise in the new ones. All the other aspects of the new tasks, e.g.
stimuli feature, task procedure, etc., were identical to those used
in the old tasks. The 4 tasks were blocked so that the participants
did one task at a time. The two old tasks with the upright stimuli
and the two new tasks with the 15° tilted stimuli were further
grouped, so that the first two tasks did by each participant were
always either the two old tasks or the two new tasks. The order
of the two groups (new vs. old tasks) was counterbalanced
across participants. The order of the two tasks within each group
was also counterbalanced across participants.

Results

The illusion of perceived ratio between the two lines for each
reference line size (4, 6, 8 cm) was obtained for each partici-
pant in each of the four tasks by comparing the PSE for the test
line size and the corresponding reference line size. A 3 (refer-
ence line size: 4, 6, 8 cm) x 2 (orientation: upright, 15° tilted) x
2 (connectivity type: connected, spatially separated) repeated-
measures ANOVA was conducted on the illusion data. The
ANOVA revealed a statistically significant main effect of
orientation, F(1, 11) =7.83, p =.017, η2 = 0.042, and a statis-
tically significant main effect of connectivity type, F(1, 11) =
97.2, p <.0001, η2 =0.466, but it did not find a statistically
significant main effect of reference line size, F(2, 22) = 2.21, p
=.133, η2 = 0.024. The ANOVA also found a statistically
significant interaction between orientation and connectivity
type, F(1, 11) = 6.04, p =.032, η2 = 0.030, but no other 2-
way or 3-way interaction was found significant. The illusion
data were collapsed across the reference line size. The mean
illusion for the four tasks are shown in Fig. 5. A post hoc
analysis revealed that the mean illusion is significantly re-
duced in the connected configuration relative to that in the
spatially-separated configuration both for the upright orienta-
tion, F(1, 11) = 124.6, p <.001, η2 = 0.684, and for the 15°-tilt
orientation, F(1, 11) = 31.9, p <.001, η2 = 0.479. In contrast,
the mean illusion was significantly smaller in the 15°-tilt ori-
entation only when the two lines were separated, F(1, 11)
=16.3, p <.01, η2 = 0.225, but not when they were connected,
F(1, 11) = 0.12, p =.735, η2 = 0.002. These results replicated
the basic finding in Experiment 1 and suggested that even
when the 45° absolute orientation information was made

useless, the illusion strength was still significantly reduced
when the two lines were connected to each other.

Discussion

In Experiment 2, we studied whether the 45° absolute orienta-
tion information embedded in the upright connected L-shaped
configuration when the two lines match in size could be the
cause of the L-shape induced HVI-underestimation seen in
Experiment 1. This orientation information was intentionally
made useless for length comparison by rotating both lines 15°
clockwise. If the orientation information were the main cause of
the HVI-underestimation, we may expect a relatively large illu-
sion (about 10%) in the HVI_L_15° task because the 45° orien-
tation information was not useful in this task. However, the
result showed that the illusion in the HVI_L_15° task was less
than 5%, which suggested the implicit 45° orientation informa-
tion was not the cause of the HVI-underestimation. In contrast,
the connectedness manipulation strongly affected the illusion,
which suggested that it might be the real cause of the HVI-
underestimation observed in Experiment 1.

Experiment 3

Experiment 2 excluded the possibility that the L-shape induced
HVI-underestimation was caused by the use of the 45° absolute
orientation information. However, in Experiment 2, the two
lines was still perpendicular to each other so that the connected
L-shape formed an implicit isosceles right-triangle when the two
lines matched in size. It is still possible that the 45° inner angles
contained in the isosceles right-triangle could be helpful for the
length comparison task. To examine this possibility, in
Experiment 3, only the vertical line was rotated 15° clockwise
while the horizontal line remained horizontal, so that the two
lines formed an angle of either 75° or 105°.

Fig. 5 Mean illusion of the perceived ratios observed in the four tasks
tested in Experiment 2. The error bars represent the 95% confidence
intervals
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Methods

Participants

Twelve students from Zhejiang University participated in
Experiment 3. All the participants had normal or corrected
to normal eye sight. None of them participated in
Experiment 1 or 2.

Task, stimuli, and procedure

Three tasks used in Experiment 1 (length perception, HVI_L,
and HVI_spatial_gap) were adopted with modification in
Experiment 3. They were called Length perception, Length
comparison connected, and Length comparison separated re-
spectively (Fig. 6). The major difference between the tasks
from Experiment 1 and the new tasks was that, in the new
tasks, the vertical line was replaced by a line tilted 15° clock-
wise from vertical. Moreover, in the length comparison tasks
of Experiment 1 & 2, the position between the vertical line and
the horizontal line was not fixed. That is, the vertical line was
presented above or below the horizontal line while the hori-
zontal line could be presented to the left or right to the vertical
line, generating 4 possible combinations that were randomly
mixed in each block. In contrast, in the length comparison
tasks in Experiment 3, the tilted line was always above the

horizontal line so that only two possible relative line positions
were tested, i.e. the two lines formed an angle of either 75° or
105°. Thus, the two length comparison tasks contained alto-
gether four possible stimuli configurations (Fig. 6, middle and
bottom panels). The stimuli configuration was blocked. The
reason for this blocked design was because previous study
showed that the HVI strength was greater in obtuse-angle L-
shape than that in acute-angle L-shape (Cormack and
Cormack, 1974). Awithin-subject design was used. Each par-
ticipant did all three tasks. The length perception task was
always conducted in the first block. The two length compari-
son tasks were conducted consecutively. Each task contained
two blocks, with one stimuli configuration (75° or 105°) being
tested in a block. The order of the two comparison tasks was
counterbalanced across participants. For each task, the order
of the two stimuli configuration was also counterbalanced.
The procedures in Experiment 3 were identical to those used
in Experiment 1.

Results

As that in Experiment 1, the Length perception task in
Experiment 3 also provided a baseline for the strength of the
illusion in perceived ratios. The magnitude of the illusion for
each participant at each labeled size was obtained by making
the PSE for the tilted line the standard and computing the
percent difference based on the PSE of the horizontal line. A
repeated-measures ANOVAwith labeled size as the only fac-
tor was conducted on the illusion data. No statistically signif-
icant main effect of labeled sizewas found,F(2, 22) = 0.267, p
=.768, η2 =0.008. The data were then collapsed across labeled
size. The mean illusion for all participants was 10.0% (95%
confidence intervals: 5.26% to 14.76%), quite similar to the
HVI baseline (10.5%) seen in Experiment 1.

The illusions of perceived ratio between the tilted line and
horizontal line for each reference line size (4, 6, or 8 cm) with
all connectivity type (connected, spatially separated) x stimu-
lus shape (acute-angle, obtuse-angle) combinations were ob-
tained for each participant, by comparing the PSE of the test
line size to the corresponding reference line size. A 3 (refer-
ence line size: 4, 6, or 8 cm) x 2 (connectivity type: connected,
spatially separated) x 2 (stimulus shape: acute-angle, obtuse-
angle) repeated-measures ANOVAwas conducted on the illu-
sion data. The ANOVA found a statistically significant main
effect of reference line size, F(2, 22)=10.5, p <.001, η2 =
0.074, a statistically significant main effect of connectivity
type, F(1, 11) =18.82, p <.005, η2 = 0.155, and a marginally
significant main effect of stimulus shape, F(1, 11) = 4.64, p
=.054, η2 = 0.047. The ANOVA also revealed statistically
significant interactions between reference line size and con-
nectivity type, F(2, 22) =9,93, p <.001, η2 = 0.018, and be-
tween reference line size and stimulus shape, F(2, 22) = 4.58,
p =.022, η2 =0.008. No other 2-way or 3-way interaction was

Fig. 6 Diagrams depicting the tasks used in Experiment 3. All possible
line position combinations are shown for the length comparison tasks
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significant. The data were then analyzed across reference line
size separately. Three two-way repeated-measures ANOVAs
with the connectivity type and the stimulus shape as factors
were conducted on the illusion data for the three reference line
sizes respectively. For the 4 cm reference line size, a statisti-
cally significant main effect of connectivity type was found,
F(1, 11) = 54.7, p <.001, η2 = 0.28; no significant main effect
of stimulus shape was seen, F(1, 11) = 0.96, p =.349, η2 =
0.01; nor any significant interaction between the connectivity
type and stimulus shapewas found, F(1, 11) = 0.03, p =.87, η2

<0.001. For the 6 cm reference line size, statistically signifi-
cant main effects were found for the connectivity type, F(1, 11)
= 10.9, p <.01, η2 = 0.11, and for the stimulus shape, F(1, 11)
=5.6, p =.037, η2 = 0.05; but no significant interaction was

seen between connectivity type and stimulus shape, F(1, 11) =
0.02, p =.882, η2 < 0.001. For the 8 cm reference line size,
statistically significant main effects were found for the con-
nectivity type, F(1, 11) = 5.69, p =.036, η2 = 0.09, and stimulus
shape, F(1, 11)=6.4, p =.028, η2 =0.1; but no significant in-
teraction between connectivity type and stimulus shape was
found, F(1, 11) =0.46, p =.51, η2 =0.005. Mean illusion of the
perceived ratio is plotted as a function of the connectivity type
and the stimulus shape for each reference line size (Fig. 7). For
comparison, the illusion levels (baselines) from the length
perception task are also shown in Fig. 7 as dashed lines.

Discussion

In Experiment 1, we found that the horizontal vertical illusion
was significantly underestimated when a connected L-shaped
configuration was used in the length comparison task. When
the two lines match in size, the L-shaped configuration forms
an implicit isosceles right-triangle that contains two 45° inner
angles. We suspected that participants might use this angle
information to help better performing the length comparison
task. In Experiment 3, we tested this possibility by rotating
only the vertical line 15° clockwise. If the L-shape induced
HVI-underestimation in Experiment 1 was indeed due to the
use of this 45° angle information, we should expect compara-
ble illusion strength in all the tested conditions in Experiment
3, because the 45° angle information was no longer helpful for
the length comparison task. The results showed that the
strength of the illusion was strongly affected by the connect-
edness, which suggested that it was probably the connected-
ness between the two lines that caused the observed L-shape
induced HVI-underestimation.

General discussion

Since Fick first reported the horizontal vertical illusion in
1851, this illusion has been extensively studied by many re-
searchers. The most common way of demonstrating the HVI
is perhaps to use the length comparison paradigm, with vari-
ous line configurations, such as L-shape, inverted T-shape,
cross, dissected T-shape, etc. (Avery and Day 1969;
Cormack and Cormack 1974; Houck et al 1972; Künnapas
1955, 1957; Landwehr 2015; Prinzmetal and Gettleman
1993). In addition to the length comparison paradigm, the
HVI was also demonstrated by length perception per se, i.e.
the perceived length of a 2D line varies with the orientation of
the line (e.g. Armstrong and Marks 1997; Pollock and
Chapanis 1952; Teghtsoonian 1972; Verrillo and Irvin
1979). The results from previous studies suggested that both
the line configuration and the task paradigm can affect the
strength of HVI. For example, the HVI observed in the length
perception task was often larger than 10%, while the HVI
found in the length comparison tasks was only about 5% for

Fig. 7 Mean illusion of the perceived ratio between the tilted line and the
horizontal line found in the two length comparison tasks in Experiment 3.
The dashed lines represent the (baseline) illusion level seen in the length
perception task. The error bars represent the 95% confidence intervals
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the L-shaped configurations and was about 10% for the
inverted-T shaped configurations. Whereas many studies ex-
amined why HVI found in the L-shape was different from that
seen in the inverted-T shape (e.g. Avery and Day 1969;
Charras and Lupiáñez 2010), to our knowledge, no single
study has directly investigated whether and why the HVI in
the L-shaped length comparison task is smaller than that found
with the length perception technique.

In the present study, we examined whether and why the
HVI is underestimated in the L-shaped configurations. In
Experiment 1, we compared the HVI from the length percep-
tion task to those from the three length comparison tasks (i.e.
the two lines were arranged in a connected L-shape, or the two
lines were separated by a spatial gap or by a temporal gap).
The results showed that the HVI strength observed in the
length perception task (about 10%) was no different from that
in the length comparison task when the two lines were sepa-
rated. In contrast, when the two lines were arranged in a con-
nected L-shape, the HVI strength reduced to about 5%. These
findings suggested that it was the connected L-shape config-
uration per se rather than the task paradigm (i.e. length per-
ception vs. length comparison) that caused the HVI-underes-
timation. We then investigated whether the HVI-
underestimation was caused by the connectedness between
the two lines or was due to an implicit use of the 45° absolute
orientation information (Experiment 2) or the 45° angle infor-
mation (Experiment 3) embedded in the upright isosceles L-
shape. The results showed that even when this 45° absolute
orientation and the 45° angle information was made useless
for the length comparison task, the illusion was still signifi-
cantly reduced when the lines were connected relative to when
theywere separated. The results from all the three experiments
provided converging evidence suggesting that the primary
contribution to the HVI-underestimation observed in the L-
shaped configuration was probably the connectedness of the
two lines forming the L-shape.

If the connectedness between the two lines forming the L-
shape substantially reduces the HVI from 10% to 5%, then
why the HVI is still 10% in the inverted-T shape, in which the
two lines are also connected to each other? There are two
possibilities. First, as some studies suggested, there might be
two illusions in the inverted-T shape, i.e. a horizontal vertical
illusion and a bisection illusion (Charras and Lupiáñez 2010).
It is possible that the effect of the bisection illusion just can-
celled out the HVI-underestimation caused by the connected-
ness in the inverted-T shape.

There is another way to explain why the HVI observed in
the inverted-Tshape is still 10%. There is evidence suggesting
that the L-shape is perceived as a single object, whereas the
inverted-T shape is perceived as two objects. For example,
Feldman (2007) studied the perceptual grouping of line seg-
ment pairs arranged in 12 different configurations, including
the L-shape and T-junction. Based on the idea of Bobject

benefit^, Feldman measured the response time for fast com-
parison of the size of two dots that superimposed on the line
segments. The response time was longer when the dots were
superimposed on the line segments of a T-junction as com-
pared to when they were superimposed on the segments of an
L-shaped configuration, which suggested the two segments of
the L-shape was perceived as a single object but the two seg-
ments of the T-junction was perceived as separate objects. The
same conclusion can also be predicted by a formal quantitative
model (see van der Helm 2011; van Lier, van der Helm and
Leeuwenberg 1994). If the two lines in the inverted-T shape
are perceived as separate objects, the corresponding HVI
s t r eng th shou ld be s imi l a r to tha t seen in the
HVI_spatial_gap task in Experiment 1. Indeed, the HVI ob-
served in the HVI_spatial_gap task was about 10%, which
was consistent with the common finding for the HVI in the
inverted-T shape configurations. This explanation also agrees
with the claim that within-object comparisons are easier
(faster, more accurate) than between-objects comparisons
(Behrmann, Zemel, and Mozer, 1998). Moreover, a recent
HVI study used dissected T-shape showed that for upright
dissected T-shape, the observed HVI strength was still around
10% (Landwehr 2015, pp. 2150).

Whether the HVI-underestimation in the L-shaped config-
uration, as compared to the HVI from the inverted-T shape
configuration, was due to the difference between the within-
object comparison and between-object comparison may re-
quire future investigation. The present study emphasizes that
the HVI is substantially underestimated when a connected L-
shaped configuration is used to evaluate the illusion. Future
studies on the horizontal vertical illusion must be cautious if
connected L-shaped configuration is to be used as the visual
stimuli.
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