
Reading Without a Fovea 

Abstract. A visual mask moving in synchrony with the eye obliteratedfoveal vision 
during reading under certain conditions. When foveal vision was masked, reading 
became difficult. In another condition, a window of readable text moved in synchro- 
ny with the eye, and parafoveal vision was masked on eachfixation. The results point 
out the importance offoveal and parafoveal vision in reading. 

In normal reading, a horizontal line of 
text projected on the reader's retina can 
be divided into three major regions: fo- 
veal, parafoveal, and peripheral. The fo- 
vea is the area of clear visual acuity ex- 
tending 2? across the fixation point. 
Beyond the fovea, the parafoveal region 
extends 10? around the fixation point, 
and the remainder is the peripheral re- 
gion. The functional significance of this 
distinction is that acuity drops off 
markedly as a stimulus is presented far- 
ther from the fovea; the ability to identi- 
fy a word or letter decreases dramatical- 
ly as it is presented outside the fovea and 
at increasing distances from a central fix- 
ation point (1). In order to bring words 
into foveal vision for detailed analysis as 
we read, we make saccadic eye move- 
ments at the rate of four or five per sec- 
ond (2). The saccade is a rapid ballistic 
movement typically covering seven to 
nine characters in reading. For normal 
reading material, three or four characters 
equal 1? of visual angle for text held at a 
normal reading distance; saccades thus 
appear to bring a given region of text into 
foveal vision so that the reader can per- 
ceive clear visual detail of the words to 
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Fig. 1. Foveal masking study. (A) Mean fixa- 
tion duration, (B) saccade length, (C) number 
of fixations per sentence, and (D) number of 
words correctly reported per sentence (@) 
and effective reading rate (U). 

be read. Between saccades, the eye is 
relatively still in a fixation pause, during 
which it gathers information. Our experi- 
ments dealt with the extent to which 
readers obtain different types of informa- 
tion from different regions. If the infor- 
mation necessary for making semantic 
identifications is limited to foveal vision, 
reading rate will be much more limited 
than if this information can be obtained 
from a larger area extending well into 
parafoveal vision. 

In order to determine the size of the 
effective visual field during reading, 
McConkie and Rayner (3) controlled the 
amount of information available to the 
reader during each fixation. Subjects' 
eye movements were monitored by a 
computer and the information about eye 
position was fed into a computer con- 
trolling the cathode-ray tube (CRT) from 
which the subject was reading. Changes 
were made on the CRT on the basis of 
the location of the reader's gaze. For ex- 
ample, a passage of mutilated text was 
initially presented on the CRT with 
every letter from the original text re- 
placed by an x. However, wherever the 
reader fixated, a region around the fixa- 
tion point changed into readable text. 
This window area moved in synchrony 
with the eye movements so that wher- 
ever the reader fixated, the real text was 
exposed, but everywhere outside the 
window area the mutilated text re- 
mained. By varying the size of the win- 
dow area, it was possible to estimate the 
effective visual field in reading. 

We have used a technique similar to 
that of McConkie and Rayner (3) and 
others (4) to determine the extent to 
which readers can obtain enough infor- 
mation outside foveal vision to identify 
the meaning of words. We excluded fo- 
veal and parafoveal information from the 
reader on each fixation. Subjects in ex- 
periment 1 were asked to read sentences 
on a CRT as their eye movements were 
monitored. The eye movement system 
(5) sampled the position of the eye every 
4 msec, and a visual mask (6) was super- 
imposed over the text, under certain 
conditions, to completely obliterate the 
text in foveal vision. The size of the 
mask varied, but always moved in syn- 
chrony with the eye. After the subjects 
(7) completed reading, they reported as 
much as they could from the sentence. 
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The sentence disappeared from the CRT 
either when the subject pushed a button 
indicating that the sentence had been 
read or after 100 eye movements had 
been made. 

As mask size increased, the mean fixa- 
tion increased significantly (Fig. 1A) (8). 
In general, data on saccade length and 
number of fixations suggest that as mask 
size increased, reading became increas- 
ingly difficult (Fig. 1, B and C). 

When subjects could read the sentence 
(as with small masks), they had no trou- 
ble reporting the sentence verbatim (Fig. 
1D) (9). As mask size increased, how- 
ever, the percentage of words from the 
sentence correctly reported decreased 
dramatically. On 18 percent of the trials 
when the mask was of 13 to 17 charac- 
ters, subjects could report nothing from 
the display even though they were asked 
to guess. They were aware of words in 
the parafovea and periphery, but they 
were unable to report what they were. 
With the largest masks, often the only 
words correctly reported were short 
words (fewer than four characters), par- 
ticularly when they were at the beginning 
or end of the sentence (10). Although 
longer words were occasionally read cor- 
rectly, in general they were extremely 
difficult to gain information from. As the 
mask size increased so that foveal vision 
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Fig. 2. Window study. (A) Mean fixation du- 
ration, (B) saccade length, (C) number of fixa- 
tions per sentence, and (D) effective reading 
rate; FL, control condition in which the sen- 
tence was presented without a mask. 

SCIENCE, VOL. 206, 26 OCTOBER 1979 

7 

5 

3 

2( 

468 



was completely masked, the type of er- 
rors made was consistent with the visual 
information that could be obtained. For 
example, the sentence "The pretty 
bracelet attracted much attention" was 
read as "The priest brought much am- 
munition" with a mask size of 7; "Their 
profits doubled in the first year" was 
read as "Their politics doubled in the 
first war" with a mask size of 9; and 
"The banner waved above the stone 
monument" was read as "The banker 
watched the snow mountain" with a 
mask size of 13. Errors of the following 
types were very common: fliers was mis- 
read as fires, fuzzy as funny, stereo as 
store, recruits as relatives, popular as 
people, customer as cashier, rusted as 
raised, lightly painted as greatly 
pleased, frosty as family, and satisfac- 
tion as accommodation. In short, the er- 
rors made when foveal vision was com- 
pletely masked indicated that readers 
were obtaining information about the be- 
ginning letters (and sometimes ending 
letters) of words in parafoveal vision, as 
well as word shape and word length in- 
formation, and trying to construct coher- 
ent sentences out of the information 
available (1 ). 

Reading speed was drastically affected 
by the presence of the masks. Reading 
speed in the control, no-mask condition 
was 332 words per minute. The one- 
character mask cut reading rate in half to 
165 word/min. When the mask covered 
the three or five characters in the center 
of vision, reading rate was 55 and 42 
word/min, respectively. The estimated 
effective reading rate was computed by 
multiplying the percentage of words cor- 
rectly reported by the reading rate (Fig. 
ID). When the mask was seven charac- 
ters or larger, the effective reading rates 
were less than 10 word/min and only 2 
word/min with mask sizes 15 and 17 (12). 

We also repeated the McConkie and 
Rayner study (3) in which a window 
moved in synchrony with the eye across 
the text (13). Whereas the smallest win- 
dow size used by McConkie and Rayner 
was 13 characters, we decreased the size 
of the window to one character. Reading 
performance improved with increasing 
window size (Fig. 2). When the window 
was 29 characters, performance was sim- 
ilar to performance when the entire line 
was visible. McConkie and Rayner (3) al- 
so reported that the field of useful vision 
during an eye fixation is about 12 to 15 
characters to the right of the fixation 
point (14). With the smallest window 
sizes, reading was difficult although pos- 
sible. When the window was only one 
character, subjects reported that they 
had to resort to spelling the words out, 
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but they were able to report 90 percent of 
the words. At all other window sizes, 
subjects were virtually 100 percent accu- 
rate in reporting the words from the sen- 
tences. With window sizes of 7 or small- 
er, the mean saccade length brought the 
window to an area that was the begin- 
ning of the mask region on the prior 
fixation. For window sizes of 9 and 
larger, mean saccade length centered 
the window on text that had been visi- 
ble on the prior fixation. Thus, informa- 
tion overlapped on most fixations as 
has been implied previously (3, 4, 15). 

The window study allowed us to com- 
pare reading performance when the para- 
fovea was masked with that when the 
fovea was masked. Masking the fovea 
resulted in more severe problems in 
reading than masking the parafovea. 
Both experiments are consistent with 
previous findings (3, 15) that information 
necessary for semantic identification is 
obtained from the foveal and near para- 
foveal region, whereas other more gross 
types of information are obtained from 
the parafovea. 

The subjective experience of the sub- 
jects in the experiment seemed consist- 
ent with the experience of people with a 
scotoma of the retina resulting in the loss 
of foveal vision and thus making it diffi- 
cult to read (16). Although it is difficult to 
obtain information necessary for seman- 
tic identification from the parafovea, in- 
formation available there is useful in 
reading and guiding eye movements to 
the next location as we read. 
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