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Developmental susceptibility to four forms of the horizontal-vertical (HV) illusion was exam-
ined in subjects ranging in age from 3 to 20 years. For each form of the HV illusion, one standard
and six comparison stimuli were developed, with subjects first inspecting the standard and then
selecting the matching comparator. The magnitude of the illusion, estimated from the difference
between the size of the standard and that of the selected comparator, was found to be similar
to values reported previously and determined through the use of a wide range of stimuli, proce-
dures, and subject groups. Susceptibility to the HV illusion was greatest for the youngest sub-
jects. It decreased for older subjects in accordance with the development of spatial coordinates,

as suggested by Piaget.

The issue of developmental susceptibility to geometric
illusions is controversial. Beginning with the observations
of Binet (1895), susceptibility to the Miiller-Lyer (ML),
Sander parallelogram (SP), and horizontal-vertical (HV)
illusions has been reported as decreasing with subjects’
age, prompting the inclusion of these stimuli in early test
batteries for developmental trends (Dawson, Young, &
Choi, 1973) and cultural differences in subjects’ respon-
sivity to visual stimuli (Rivers, 1901a, 1901b, 1905).

In most recent studies of the HV illusion, susceptibil-
ity to the L-shaped and inverted-T figures has been re-
ported as declining in subjects between the ages of 6 and
11 (Dawson et al., 1973; Walter, 1942; Wursten, 1947).
For the ML and SP illusions, similar declines have been
reported between the ages of 3 and 12 (Binet, 1895; Dawson
et al., 1973; Piaget & Albertini, 1954; Walter, 1952;
Wapner & Werner, 1957). These trends, however, have
not been observed in other studies (Grieve, Hogben, &
Williams, 1983), or they have been attributed to cultural
differences (Segall, Campbell, & Herskovits, 1963, 1966),
eye pigmentation (Berry, 1972; Pollack & Silver, 1967),
stimulus figure color (Pollack, 1970), type of stimulus
figure (L-shaped vs. inverted-T figure; see Fraisse &
Vautrey, 1956), or the complexity of experimental pro-
cedures (Grieve et al., 1983).

Correspondence should be addressed to G. M. Brosvic, Biopsychol-
ogy Laboratory, Department of Psychology, Rider College, 2083
Lawrenceville Rd., Lawrenceville, NJ 08648-3099.
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In prior studies of the HV illusion, the magnitude of
the illusion has typically been greater with adjustments
of the inverted-T figure than with adjustments of an L-
shaped figure (Avery & Day, 1969; Cormack & Cormack,
1974; Kunnapas, 1955; McBride, Risser, & Slotnick,
1987). These results have been interpreted as underscor-
ing the importance of line bisection and a comparison line
in the formation of the HV illusion, although the poten-
tially confounding effects of line bisection on children’s
performance are unknown (Wohthill, 1960). In prior studies
in our laboratory, we have shown that the HV illusion
can be readily demonstrated in the absence of line bisec-
tion and a comparison line. Indeed, when subjects are in-
structed to produce 1-in. vertical and horizontal lines, the
magnitude of the illusion for vertical lines is greater than
that for horizontal lines and does not differ from that for
adjustments of the vertical line of the inverted-T figure
(Brosvic & Cohen, 1988; Brosvic et al., 1993; McBride
et al., 1987).

The psychophysical procedures in many studies of visual
illusions require subjects to make multiple judgments of
test stimuli, and to do so for an extended period. The
measurement of an adult’s susceptibility to illusions can
be accomplished through the use of such methods, al-
though the use of similar procedures with children may
be questioned, especially since children up to the age of
10 may not understand the directions of adults (Chomsky,
1969; Palermo & Molfese, 1972), may answer randomly
to mask their lack of understanding (Abbeduto, 1985;
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Carey, 1978; Grieve, 1981; Grieve et al., 1983; Hughes
& Grieve, 1980; Terrell, 1991), and, independently of
the experimental instructions, may also simply select the
larger part of an array when they respond (Braine &
Shanks, 1965).

The resuits of pilot studies conducted in our laboratory
led us to develop a common set of procedures for study-
ing four forms of the HV illusion; we used them to ex-
amine the issue of developmental susceptibility to the HV
illusion in subjects ranging in age from 3 to 20 years.

METHOD

Subjects

Ten subjects at each age ranging from 3 to 10 years and 5 subjects
at each age ranging from 11 to 20 years served as subjects. Each sub-
ject reported normal or corrected visual acuity.

Stimuli and Procedures

The test stimuli consisted of modified versions of the paper-and-pencil
adjustment (L-shaped and inverted-T figures) and production task (ver-
tical and horizontal lines) forms of the HV illusion described previously
(Brosvic & Cohen, 1988), and in each instance, one standard and six
comparison stimuli were developed.

Inverted-T and L-shaped figures. The standard stimulus for the
inverted-T figure consisted of a 2-in.-long vertical line bisecting a 2-in.-
long horizontal line. In the comparison stimuli, one figure was identi-
cal in length to the standard; in three others, the vertical line had been
increased in length by 10%, 20%, or 30%; and in the remaining three
figures, the length of the vertical line had been decreased in length by
10%, 20%, or 30%. The length of the horizontal line was always 2 in.
The standard stimulus for the L-shaped figure also consisted of a 2-in.
vertical line and a 2-in. horizontal line, although the lines were not bi-
sected. The comparison stimuli were identical in length to those described
for the inverted-T figure, and the width of all stimulus lines was 1 mm.

Vertical and horizontal lines. Either a 2-in.-long vertical or a 2-in.
horizontal line was printed in the center of each page to serve as the
standard stimulus. For the comparison stimuli, one line was identical
in length to the standard, three others were reduced in length by 10%,
20%, or 30%, and the remaining three lines were increased in length
by 10%, 20%, or 30%. The width of each vertical and horizontal line
was 1 mm.

Test procedures. For each form of the HV illusion described above,
the standard was presented for 30 sec, removed from sight, and then
replaced by a single sheet of paper on which the six comparators and
the standard were printed. The subjects were then instructed to select
the figure *‘that was the same’’ as the one they had initially inspected;
that is, a correct response consisted of selecting the standard stimulus.
The subjects completed five trials for each standard stimulus and did
so in accordance with a Latin-square design. The magnitude of illusion
for each form of the HV illusion was estimated by averaging the size
difference between the standard and the selected comparator (range, —30
to 30). Potential differences within each form of the HV illusion as a
function of age, as well as those between the four forms of the HV illu-
sion, were examined with analysis of variance.

Pilot tests were conducted with the stimuli and procedures described
above, and the instructions were found to be easily understood and com-
pleted by subjects as young as age 3, with similar results obtained in
follow-up tests in which children visually inspected an object printed
on paper and then selected the same object from a comparison group.
It should be noted that although the measurements made in this study
are not as refined as those determined with the PEST procedure described
by Grieve et al. (1983), they do appear to have met the criteria of be-
ing ‘‘clinical and concentric.”’

RESULTS

No differences in the estimated magnitude of illusion
were observed as a function of sex of subject for any form

of the HV illusion, so the data were combined across sexes
for subsequent analyses [all rs < 1.32, all ps > .05].

Inverted-T Figure

As can be seen in Figure 1, the subjects below the age
of 11 were the most susceptible to the inverted-T form
of the HV illusion [F = 26.43, p < .05], after which a
relatively asymptotic level of performance was observed.
Figure 1 indicates that the illusion was also evident, al-
though at a reduced level, for the oldest subjects.

L-Shaped Figure

As can be seen in Figure 2, the subjects below the age
of 9 were the most susceptible to the L-shaped form of
the HV illusion [F = 17.29, p < .05], after which a rela-
tively asymptotic level of performance was observed.

Vertical Line

Although the presence of line bisection and a compari-
son line contribute to the HV illusion, the illusion was
apparent in their absence. As can be seen in Figure 3,
the subjects below the age of 14 were the most suscepti-
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Figure 1. Estimated magnitude of illusion for the inverted-T fig-
ure as a function of age of subject. (Susceptibility declines after age
13.) The error bars represent +1 SD.
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Figure 2. Estimated magnitude of illusion for the L-shaped fig-
ure as a function of age of subject. (Susceptibility declines after age
8.) The error bars represent +1 SD.
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Figure 3. Estimated magnitude of illusion for the vertical line figure
as a function of age of subject. (Susceptibility declines after age 13.)
The error bars represent +1 SD.
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Figure 4. Estimated magnitude of illusion for the horizontal line
figure as a function of age of subject. (Susceptibility declines after
age 7.) The error bars represent +1 SD.

ble to the vertical line form of the HV illusion [F = 47.08,
p < .05}, after which a relatively asymptotic level of per-
formance was observed. Figure 3 indicates that the illu-
sion was also evident, although at a reduced level, for
the oldest subjects.

Horizontal Line

As can be seen in Figure 4, the subjects below the
age of 8 were the most susceptible to the horizontal line
form of the HV illusion [F = 17.29, p < .05], after
which a relatively asymptotic level of performance was
observed.

DISCUSSION

The present results, found with subjects ranging in age from 3 to 20
years, support prior observations that the magnitude of the illusion is
greater for the inverted-T than for the L-shaped figure (Avery & Day,
1969; Brosvic & Cohen, 1988; Brosvic et al., 1993; Kunnapas, 1955;
McBride et al., 1987). Although this finding highlights the role of line
bisection in the formation of the HV illusion, the magnitude of the illu-
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sion for the vertical line and the inverted-T figure did not differ, sug-
gesting that the HV illusion exists in the absence of line bisection and
a comparison line.

It should be noted that the magnitude of the illusion for each task was
estimated by the difference between the size of the standard stimulus
and that of the selected comparator, and that the potential effects of rec-
ognition memory on the present results should be examined in future
studies. The estimated magnitudes of the illusion observed in the present
study are similar to previously reported values found through the use
of a wide range of stimuli, procedures, and subject groups. Although
the noteworthy differences among these procedures and stimuli preclude
the direct numerical comparison of results, the estimates of magnitude
illusion observed in the present study are similar to those reported by
Dawson et al. (1973), Doyle (1967), Piaget, Matalon, and Vinh-Bang
(1961), and Walter (1942). The developmental trends observed in the
present study are also similar to those described previously for the ML
and SP illusions (see Dawson et al., 1973).

The developmental trends observed in the present study most likely
represent the gradual development of the ability to process spatial coor-
dinates (Piaget & Morf, 1956), and, even at an early age, this process-
ing system appears to be sensitive to the different forms of the HV
illusion. Piaget and Morf reported that the intersection of lines in the
inverted-T figure provides a unique spatial framework that is not a
property of the L shape, which could explain the larger magnitude of
illusion observed for the inverted-T figure, the earlier age at which sus-
ceptibility to the L shape decreases, and the robustness of the response
to the inverted-T figure observed in older subjects.
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