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On words and their letters
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In a recent article, McConkie et al. (1989) proposed that, due to the rapid drop-off of visual acuity,
the amount of visual information available from a word is maximal when the eye fixates the
middle of the word, and decreases on both sides of this optimal viewing position with each letter
of deviation. However, data on perceptual span have demonstrated that during a fixation, more
letters are utilized to the right than to the left of the fixation point, which would predict that
the optimal viewing position should be left of center. In a letter discrimination task, the ratio
of the left/right asymmetry was determined and the probability of correct word recognition as
a function of fixation location in the word was estimated. The predictions were highly compati-
ble with empirical results on word recognition.

Recent studies in reading and word recognition have
shown that eye-movement behavior depends strongly on
the position in the word where the eye first fixates (Mc-
Conkie, Kerr, Reddix, Zola, & Jacobs, 1989; O’Regan,
1984, 1989; O’Regan & Lévy-Schoen, 1987; O’Regan,
Lévy-Schoen, Pynte, & Brugaillere, 1984; Vitu, O’Re-
gan, & Mittau, 1990). The probability of refixating in a
word is lowest when the eye fixates near the middle of
the word, and increases to both sides of this ‘‘optimal land-
ing”’ or ‘‘optimal viewing’’ position with each letter of
deviation, resulting in a U-shaped ‘‘refixation curve’’
(McConkie et al., 1989). The primary basis for the
optimal-landing-position phenomenon is seen to be the
dramatic drop-off of visual acuity that is found even within
the fovea. Since minimum angle of resolution increases
as a linear function of the distance from the center of vi-
sion (Jacobs, 1979; Olzak & Thomas, 1986), in a recent
article McConkie et al. (1989) proposed a simple
summed-letter information model of word identification
which can account for the obtained empirical results. The
model has the following assumptions: (1) The frequency
of identifying a word during initial fixation is a linear func-
tion of the amount of visual information available from
it. (2) The total visual information obtained from a word
is the sum of the information available from all its let-
ters. (3) The amount of visual information obtained from
a letter decreases as a linear function of its distance from
the center of vision.

Given the second and the third assumptions, the amount
of visual information that can be extracted from a word
varies as a function of the position of the eye in the word:
a maximum of visual information can be extracted when
the eye is at the center of the word. However, when the
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Figure 1. Distribution of available visual information as a func-
tion of fixation location in a word as suggested by McConkie et al.
(1989). The amount of visual information available from the directly
fixated letter is equal to 1. This information drops by an arbitrarily
chosen value of .1 for each letter position of eccentricity. The three
histograms show the amount of information obtained from every
letter of the word while the first, the middle, or last letter of the
word are being fixated. By summing up the letter information (histo-
gram) obtained at the different positions in the word, the curve gives
the total amount of visual information obtained from a word while
the different positions in the word are being fixated.

position of the eye is shifted to one side or the other, the
total amount of available information decreases. The cal-
culation suggested by McConkie et al. is illustrated in Fig-
ure 1. The underlying assumption is that the amount of
visual information available from a directly fixated letter
is equal to 1, and that with each letter position of eccen-
tricity, this information drops by an arbitrary, chosen
value of 0.1. Because the available information is assumed
to drop off equally quickly going leftwards or rightwards,
the curve in Figure 1 showing the total available infor-
mation is symmetric around the word center.

Copyright 1991 Psychonomic Society, Inc.
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However, classical results on perceptual span have
demonstrated a left/right asymmetry of the number of let-
ters utilized during a fixation. To the left of fixation, only
a few letters are used; to the right, however, the percep-
tual span probably extends to 10-15 letters (McConkie
& Rayner, 1976; Rayner, Well, & Pollatsek, 1980;
Rayner, Well, Pollatsek, & Bertera, 1982; Underwood
& McConkie, 1985). A number of other studies have
shown that although the visibility of isolated letters is the
same in the left and the right visual field (e.g., Bouma
& Legein, 1977), when letters are presented within strings
of other letters, there is a superiority of the right visual
field (e.g., Bouma, 1973; Bouma & Legein, 1977). These
facts suggest that McConkie et al.’s calculation should
perhaps be modified to take into account this asymmetry.
It is clear that if information drops off faster going left-
wards than going rightwards, then we can expect the pre-
dicted refixation curves no longer to be symmetric, since
it will be advantageous to fixate slightly left of center so
that fewer letters suffer the fast drop-off rate.

In the following experiment, we determined the ratio
of left/right asymmetry in discriminating letters at vari-
ous eccentricities in a letter string. Using this ratio, and
following the model proposed by McConkie et al. (1989),
we estimated the optimal viewing position in words. We
then compared this estimation with empirical data on word
recognition.

EXPERIMENT 1
The Ratio of the Left/Right Asymmetry

To get an empirical estimate of the rate of information
loss going leftwards as compared with that going right-
wards, we chose a letter discrimination task in which the
subject had to discriminate, from two possible distractors,
a target letter presented at different locations in a nine-
letter string of ks. To be able to collect discrimination
data for both sides of fixation, we measured performance
while the eye was fixating either the first letter (thus, the
target appeared to the right) or the last letter of the string
(the target appeared to the left).

Method

Subjects. Twelve subjects with normal or corrected-to-normal vision
participated in the experiment.

Material. Strings of nine lowercase letter ks served as stimuli. In each
of the strings, one letter was replaced by one of the following letters:
¢, 0, f, or t. These critical letters could appear at any one of the possi-
ble nine letter positions. The letters were defined in an 8 X 8 pixel matrix
that subtended .3° at a viewing distance of 50 cm.

Design. The experiment contained two blocks. In each block, the sub-
ject’s task was to discriminate one prespecified target letter from two
possible distractors by pressing a response key. For half of the subjects,
the targets were the letters ¢ and ¢ (one in each block) and the distrac-
tors were the remaining two letters o and f (in both blocks); for the other
half, the target letters were o and f and the distractors were ¢ and ¢.
The homogeneity of the string allowed the position of the critical letter
to be detected easily, and the discrimination task forced the subject to
identify the target rather than just report the presence of a letter differ-
ent from the background-string letters. In each of the blocks, the target
letter and each of the two distractors appeared 10 times at each possible
location in the string to both sides of fixation location. Thus, there were

540 trials per block. The position of the critical letter in both the string
and the presentation side of the string (right or left of fixation) was ran-
domized.

Procedure. A fixation point appeared at the center of the screen for
500 msec and then was replaced by a letter string, which appeared such
that the directly fixated location was either the first or the last letter
of the string. In order to collect enough omission errors, the presenta-
tion duration of the stimulus string was reduced to 20 msec and fol-
lowed by a mask consisting of a string of nine #s.

Results and Discussion

Figure 2 gives the results of the letter-in-string discrimi-
nation experiment. As shown by the regression lines, the
probability of detecting a letter drops off faster on the left
than on the right by a factor of .11/.06=1.8. When, as
shown in Figure 3, this ratio is used in the McConkie
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Figure 2. The rate of information loss going leftwards (stars) as
compared with that going rightwards (squares) as a function of target
eccentricity. The regression line when the target had to be identi-
fied to the right of fixation (Y = 0.9—0.06X; r = —0.97) and when
it had to be identified to the left of fixation (Y = 1.03—0.11X;
r = —0.99). Because contour interaction is different for the last let-
ter position of the string, this position—(8) — was excluded from the
calculations of the regression lines.
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Figure 3. This figure is similar to Figure 1 except that the empir-
ical values for the rate of information loss obtained in the letter dis-
crimination experiment have been used to compute the curve. Visual
information drops by a value of .06 for each letter position of ec-
centricity to the right and one of .11 for each letter position of ec-
centricity to the left of fixation.




et al. calculation, it appears that the maximum amount
of information should be available from a word when it
is fixated slightly left of the center of the word.

Although the calculation proposed by McConkie et al.
(1989) is very appealing, it has the disadvantage of using
the notion of ‘‘information,”” which has not been properly
defined in the present context. A more natural approach
would perhaps be to use probabilities.

The data provided by the letter-in-string discrimination
experiment suggest that the probability that a letter can
be reported falls off by 0.06 per letter on the right and
by 0.11 per letter on the left. Assuming that under nor-
mal reading conditions the probability of recognizing the
directly fixated letter is 1, these results might be assumed
to suggest that the probability of recognizing the succes-
sive letters going rightwards would be 0.94, 0.88, 0.82,
and so on, and of those going leftwards, 0.89, 0.78, 0.67,
and so on. The probability of recognizing all the letters
of a nine-letter word can be calculated by multiplying
together all the probabilities from the individual letters.
This calculation is illustrated in Figure 4.

A problem with this calculation is that the data used
correspond to conditions of very rapid, masked presen-
tation, which is not the natural situation in normal read-
ing. The actual drop-off rate of 0.6 and 0.11 measured
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Figure 4. Predicted probability of correct identification as a func-
tion of fixation location in a word. The probability of recognizing
the directly fixated letter is assumed to be 1. The probability of recog-
nizing the successive letters going rightwards drops by a value of
.06 and going leftwards by a value of .11 for each letter position
of eccentricity (bottom curve). The curves are obtained by multiply-
ing the probability of correct letter identification at a given fixation
position. The parameter distinguishing the different curves is the
drop-off rate. The left—right ratio of 1.8/1 is preserved in all curves.
The lowest curve is calculated by using the empirically obtained drop-
off rate of 0.11/0.06. For the other curves, the drop-off rate was
successively reduced to 0.09/0.05, 0.072/0.04, 0.055/0.03, 0.036/0.02,
0.018/0.01, and 0.0018/0.001.
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here should therefore probably not be directly transposed
to normal word recognition, where viewing conditions are
much better and the drop-off will be slower. However,
it seemns reasonable to suppose that the ratio of drop-off
going rightwards as compared with that going leftwards
might be an invariant of the visual system and not depen-
dent on the particular stimulus conditions. Figure 4 there-
fore shows curves obtained by using different values of
the drop-off rates, while preserving the left-right ratio
of 1.8/1. The absolute value of the drop-off rate slightly
alters the shape of the curve: the smaller the drop-off rate,
the flatter the curves become. However, the location
where the curve has its maximum is not changed, and al-
ways lies one letter left of middle. (The drop-off rate of
0.11 on the left and 0.6 on the right obtained in the string-
of-ks experiment is the lowest curve in the figure.)

An interesting aspect of the present calculation is that
it considers only visual factors. However, lexical con-
straints are undoubtedly active in word recognition, and
these will substantially improve recognition probability.
But, unless there are differences in the informativeness
of different word parts, the effect of lexical constraints
will be only to raise and lower the vertical position of the
curves in Figure 4, and will not alter the position of the
maximum. The difference between the calculated curve
and a curve obtained for real word recognition (under
comparable visual conditions) might be used as an esti-
mation of lexical constraints.

What evidence is there to suggest that word recogni-
tion probability depends on the predicted asymmetric way
on fixation location? Data from the literature has gener-
ally concerned gaze duration (O’Regan & Lévy-Schoen,
1987; O’Regan et al., 1984; Vitu et al., 1990) or nam-
ing latencies (O’Regan et al., 1984) in tasks where the
eye is free to move after the word appears. These data
are compatible with the present predictions in showing
an asymmetry, with improved word naming or gaze dura-
tion performance when the eye starts from the left of the
middle of words. However, more directly compatible with
the present predictions would be a measurement of word
recognition probability rather than oculomotor perfor-
mance. Therefore, in a second experiment, we measured
probability correct lexical decision as a function of fixa-
tion location in a word.

EXPERIMENT 2
Probability Correct Lexical Decision

Method

Subjects. Twenty-five subjects with normal or corrected-to-normal
vision participated in the experiment.

Material. Fifty nine-letter high-frequency words (median = 2,156
per million; lower limit = 1,058; upper limit = 7,931), chosen from
the Tresor de la langue Frangaise (1971), and 50 nonwords served as
stimuli. The nonwords were created by randomly replacing one or two
letters in nine-letter words (different from the test words).

Procedure. On each trial, the subjects fixated a letter-high gap be-
tween two vertically aligned fixation lines. After S00 msec, the lines were
replaced by a stimulus string which could form either a word or a non-
word. The stimulus string appeared to be shifted horizontally in such
a way that upon its appearance, the subject’s eye was positioned on one
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Figure 5. Probability of correct word recognition in the lexical
decision task of Experiment 2 as a function of fixation position in
the word.

of the odd-numbered letters of the string (see O’Regan et al., 1984).
Each subject saw 10 words, presented at each of the five different fixa-
tion locations. Across all subjects, each word was seen an equal num-
ber of times from each fixation location. The subjects never saw the
same word twice. To prevent subjects from making more than one fix-
ation, presentation duration was limited to 170 msec. The subjects’ task
was to decide whether or not the stimulus was a word and to respond
by pressing a response key. Probability correct recognition was measured.

Results and Discussion

In Figure 5, the probability of a correct lexical deci-
sion is given as a function of fixation location in the word.
A clear effect of fixation position on performance is ap-
parent, and the curve shows the expected asymmetry. A
comparison with Figure 4 reveals a striking correspon-
dence between the curves. The course of the curves is
almost identical, with a maximum between the third and
fifth letters and a decrease more toward the end than
toward the beginning. The locations where we predicted
a maximum of visual information or highest recognition
probability were also the positions where the probability
of correct lexical decision was highest.

CONCLUSION

It is interesting to note a difference between the present
data and those obtained in normal reading by McConkie
et al. (1989). Whereas we observe an asymmetry, with
the optimal position being left of center, as predicted from
our informational arguments, McConkie et al. found fairly
symmetrical curves. The absence of asymmetry in refix-
ation curves obtained by McConkie et al. may well be
due to oculomotor factors that intervene while saccading
from one word to another. In a recent study, Nazir (in
press) showed that even when linguistic factors are set
aside, the position of the eye in a letter string can itself
affect eye-movement behavior. The probability of mak-
ing a refixation (regardless of information extraction) is

much higher in the first half of a letter string than in the
second half. This tendency might have compensated for
the asymmetry predicted from our informational or prob-
ability arguments and made McConkie et al.’s refixation
curves symmetrical again.

The present results are suggestive as to the role of letters
in word recognition. If the obtained ‘‘word-recognition
curve’’ in Figure 5 really reflects available visual infor-
mation, then this would be clear evidence for the contri-
bution of each letter to word recognition.
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