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Sensory neural reorganization occurs as a result of visual experi-
ence in the adult as well as early in life. Here we report and quanti-
fy a misperception of visual orientation: when alphanumeric
characters that are commonly tilted clockwise were presented with
a clockwise tilt, they were perceived as less tilted than the same stim-
ulus horizontally inverted. In contrast, subjective perception of tilt
magnitude for horizontally inverted non-alphanumeric stimuli was
similar to that for non-inverted stimuli. Therefore, misassessment
of tilt of alphanumeric characters probably reflects a persistent sen-
sory recalibration of orientation perception as a result of previous
long-term visual experience.

Considerable evidence suggests that specific visual experience early
in life can result in a reorganization of orientation selectivity among
cortical neurons; for example, the rearing of animals in an environ-
ment containing a restricted range of orientations leads to a prepon-
derance of cortical neurons tuned to that orientation1,2. In addition,
sensory neural reorganization can also occur throughout adulthood3–6.
Alphanumeric characters such as those used in digital displays and
italicized text are commonly tilted clockwise by around 5–10°; there-
fore we asked whether long-term visual exposure to clockwise-tilted
alphanumeric characters influences our visual perception of tilt.

We found that the tilt of clockwise-slanted characters appeared
to be of much smaller magnitude than when such characters were
horizontally inverted (as when viewed in a mirror; Fig. 1a and b). To
quantify this effect, we presented observers with stimuli consisting
of three digits arranged side by side (888) and surrounded by a rec-
tangular reference frame defining true vertical and horizontal. Stim-

uli were presented for 250 milliseconds twice—once with either a
clockwise or counterclockwise reference tilt, and once with one of
seven possible inverted comparison tilts. Both reference-tilt direc-
tion and the presentation order of reference and comparison were
randomly interleaved. Observers were required to indicate which
of the two trials produced the greatest impression of tilt. Reference
tilts between 5° and 20° were investigated. As a control, the same
observers were presented with non-alphanumeric stimuli using the
same procedure. These consisted of three circular Gabor patches
within which the sinusoidal luminance modulation was tilted either
clockwise or counterclockwise. These stimuli were chosen because
they are ideally suited to analysis by orientation- and frequency-
selective mechanisms early in the visual cortex.

From responses averaged across six observers, we calculated the
counterclockwise tilt that appeared perceptually equivalent to any given
clockwise digit tilt, and vice versa (Fig. 1c). The diagonal dashed line
represents the prediction that the matching tilt is exactly equal and
opposite to the reference tilt. The control data for non-alphanumeric
stimuli lie almost exactly on this diagonal line. In contrast, a best-fit-
ting linear regression to the alphanumeric data has a gradient almost
identical to that of the predicted function, but displays a constant error
of approximately 2.4°. Thus, counterclockwise tilts are consistently per-
ceived as more tilted than their clockwise counterparts, providing
empirical support for the perceptual observations of Fig. 1a and b.

It is well established that perceived orientation can be influenced
by previous adaptation to a tilted stimulus7. This is classically known
as the tilt aftereffect, an illusion that decays rapidly over time8. The
present findings, however, reflect a relatively persistent form of adap-
tation within the visual system, a phenomenon probably conditioned
by extensive previous visual experience of alphanumeric characters
whose tilt, if present, is almost always in a clockwise direction. Restric-
tion of this misperception to alphanumeric characters implicates rel-
atively high-level processes involved in character recognition. This
kind of top-down regulation of perceived orientation receives con-
siderable physiological support from dynamic changes in the orien-
tation tuning of visual neurons via intracortical feedback
mechanisms9. Our findings support the view that, in the sense that
our everyday perceptions can be markedly influenced by unique prior
visual experience, we learn to perceive. A robust test of this interpre-
tation would be to establish whether the misperceptions we describe
exist in cultures that provide little or no exposure to italicized Latin
text or tilted digital numerals10.
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Fig. 1. Normal and horizontally inverted versions of a digital display (a) and
italicized text (b). The horizontally inverted versions produce a greater impres-
sion of tilt. This effect is quantified in the experimental data (c). For each one of
several clockwise (positive) and counterclockwise (negative) reference tilts, we
plotted the mirror-image tilt that appears perceptually equivalent. Solid sym-
bols, data for the alphanumeric characters; open symbols, data for Gabor
patches (spatial frequency, 8 cycles per degree). Error bars represent s.e. The
linear regression that best fits the data has the form y = 2.385 – 0.989x.
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