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GLOBAL ATTRIBUTES IN VISUAL WORD RECOGNITION’. 
PART 1: LENGTH PERCEPTION OF LETTER STRINGS 

c. w. J. kHlEPER.5 

Institute for Perception Research, Den Dolech 2, P.O. Box 513 
Eindhoven, The Netherlands 

(Receioed 22 April 1975; in revised form 12 January 1976) 

Abstract-Part of a general research programme on visual word recognition is concerned with stimulus 
attributes that may function as cues. The topic here was perception of word length as such. 

Letter strings were tachistoscopically presented. Independent variables were stimulus length and 
eccentricity of presentation. Seven subjects reported how many letters they had seen. Correct scores 
decrease with increasing length. From the fovea outward correct scores decrease, but, surprisingly. 
they reach a plateau for 141 > 2’. 

The length is systematically underestimated: the average reported length is approx 85% of stimulus 
length. Evidence is supplied that perceived length is a linear function of string length in mm. 

IhTRODUCTION 

Normal reading can be considered as the visual in- 
take of language symbols such as letters and words. 
Only during the eye pauses is there an intake of infor- 
mation. After the processing by the visual system the 
language symbols have to be further processed by the 
brain. This includes the integration of the visual infor- 
mation and the reader’s implicit knowledge of the lan- 

guage. 
We are interested in the recognition processes and 

in this study we explore the properties of the visual 
information that operate in these processes. Restrict- 
ing ourselves to single words, we try to specify the 
word properties relevant to recognition. 

Word recognition 

Around the turn of the century various investiga- 
tors were already interested in how readers recog- 
nized the words and sentences of a text. One of their 
conclusions was that reading is not a concatenation 
of the recognized individual letters. Sometimes the 
word is recognized as a ‘whole”, sometimes by a few 
conspicuous letters only. Pillsbury (1897) showed that 
readers often noticed omitted letters in words. He 
concluded that the length and form of the word 
tended to call up a word directly. The word form 
was taken to include both the outward shape and 
certain internal details, because readers often noticed 
substituted and blurred letters as well Erdmann and 
Dodge (1898) carried out experiments in which words 
could be recognized at distances or eccentricities at 
which single letters of that word could not be recog- 
nized. They concluded that words have a general 
shape by which they are recognized. Messmer (1904) 
and Huey (1908) argue that it is not always clear what 
the prominent factors are in the recognition process: 
the word as a whole, or dominant parts. 

More recent research also assumes that words are 
recognized through the intermediary of certain attri- 
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butes or features. These attributes can vary from letter 
parts to whole words. However, the precise nature 
of the attributes, their number and their possible hier- 
archical ordering remain for the most part to be 
specified (Gibson, 1965, 1971; Neisser, 1967; Smith, 
1971). In the present series of investigations we focus 
on a few global attributes of words, suggested in the 
literature. We inquire into how these attributes are 
perceived as such, and how they operate in actual 
word recognition. We are mainly interested in attri- 
butes such as shape, length and contour. 

Eccentric vision 

In normal reading the eyes jump about 2” or eight 
letters, giving rise to a succession of shifted retinal 
images. The size of the functional (reading) field is 
larger than 2” (Bouma, 1970, 1973), indicating that 
both fovea1 and parafoveal information can be used. 
In our experiments we imitate the retinal image of 
one eye pause by briefly presenting stimuli in the 
fovea1 and parafoveal fields. 

In order to select relevant word properties, we use 
reduction of stimulus information. Thus, incorrect re- 
sponses (confusions) are produced by the Ss. These 
confusions have certain attributes in common with 
the stimulus word and we assume that these have 
contributed to the final response word. We have 
chosen parafoveal presentation (I ~$1 > 1’) to stay 
close to the normal reading situation. Unlike fovea1 
vision. parafoveal vision gives rise to specific interfer- 
ence effects between adjacent stimuli (Woodworth 
and Schlosberg, 1954). Because of this the functional 
field is much narrower than acuity boundaries would 
allow (Mackworth. 1965). 

In visual tasks performance decreases with increas- 
ing eccentricity symmetrically round the fixation 
point. For isolated words, however, recognition is bet- 
ter in the right visual field (RVF) than in the left 
(LVF) (Mishkin and Forgays, 1952; Bouma, 1973). 
The decrease of recognition scores with increasing 
stimulus length is more pronounced in the LVF than 
in the RVF (Bouma, 1973). 
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Fig. 1. Correct length scores v of letter strings x averaged over seven Ss in relation to eccentricity 
4. Number of stimuli n = 35 (I k I,?), n = 105 (1 = 3.4.5 or 7). at &,,,, = + 1.75’ three times as 
much. Symmetrical trend lines drawn by hand; 1 = 6 ommitted for reasons of clarity. Scores drop 
from the fovea sidewards. reaching a plateau at about 161 = 2’. Data symbols have been drawn 
in the centre of the horizontal lines. which indicate stimulus positions along the eccentricity axis. 

The relative perceived length i, is not dependent 
on stimulus length for I 2 3 and not dependent on 
eccentricity of presentation for /&,,I > 1’. 

Computation of the standard deviation of m/l, i.e. 
reported length divided by stimulus length, of the 
various length distributions does not show significant 
differences for 1 1 5 (F-test; P < 0.05). This might be 
an indication that the length distributions can be con- 
ceived as samples from the same population. The 
average standard deviation s(m/l) = 0.13. 

It is concluded that in the parafovea the perceived 
length of letter strings is a linear function of the 
stimulus length: 

m = i..l 

with 

i. = 0.85 + 0.01 
(I 2_ 3, 1 &,, 1 > I”, 95:/, conf. interval). 

In the fovea1 area 1 is somewhat higher for the 
shorter lengths (I 5 5). Just next to the fovea, at 

4 nom = +0.75’, &values show a distinct dip. Because 
this dip was unexpected, we have carefully looked 
into the data at this eccentricity and found the &value 
reliable: (1) the variance of the response distribution 
was comparatively low; (2) for six of the seven Ss 
the dip was clearly present; and (3) the randomization 
had been such that the session-number in which 
stimuli of this eccentricity were presented. indeed was 
evenly distributed over the Ss, excluding a practice 
effect. Moreover, earlier pilot experiments with three 
quite different Ss had also shown a clear-cut dip at 
this eccentricity. 

Figure I represents E.-values of each S as a function 
of stimulus length. Although the reliability of the data 
is limited (only 45 responses per data point) the ptin- 
cipal conclusions about 1 can be maintained. Ss differ 
in the value of L. The main deviation concerns 1 = 3 
and Ss JK and WR. JK has decreasing i-values with 
increasing stimulus length while WR shows the 
reverse trend. Ss do not show significant L-R differ- 
ences. The one S who did not show a dip at 
&,, = iO.75’ was the only female, MA. 

1 ‘2’ 23 ‘34 “5 4567 45678 5678 6789’0 678910 

Fig. 2. Histograms of the length responses to strings of letters x. Average scores of seven Ss. Large 
symbols denote stimulus lengths. Number of stimuli n = 315 (I = 3. 4. 5. 6 or 7). n = 105 (I = I,?. g. 9 

or 10). Notice the underestimation tendency. 
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Fig. 3. Relative perceived length 1 of letters x in relation to eccentricity 4. Averages of seven Ss. 
Symbols indicate the stimulus length (0 denotes I = 10). Symbol position corresponds to the middle 
of the stimulus. Trend lines drawn bv hand. 2. turns out to be largely independent of stimulus length 

I and-exhibits a dip at about 141 = I’. 

After the experiment was run, each S was once 
more presented with the stimuli of the first session. 
Again, the results were a constant 1 for I> 3 and 
no L-R differences. Four Ss showed a consistent per- 

formance but three Ss showed lower I-values (of 
about 0.75). (This concerned about 15% of the stimuli 
in the main experiment). 

After each session Ss were asked to describe the 
strategies they had followed in their judgcments. They 
all reported that in larger strings most letters were 
indistinguishable from each other. They saw a “gray 
stripe” of which they estimated the length. Up to 4 
or 5 letters they thought that they were able to dis- 
tinguish all letters separately, both in fovea1 and in 
parafoveal vision. 

Other letter strings 

Strings consisting of letters d and e showed results 
comparable to those with letters x. The general tend- 
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ency again is systematic underestimation, without 
left-right field diI%rences. 

For both letters at c#J,,,, = + 1.75’ we obtained: 
. . 
t_d = A, = 0.78 * 0.01 (i 1 3, 95P/ conf. interval). 

Surprisingly there is no difference between Ietters 
d and e within quite narrow limits. The experiments 
with d and e were carried out with four Ss on the 
same day and with the other three within a few days. 
The E.-values are somewhat lower than for letters x, 
which might be due to criterion differences developing 
over time. 

The responses for strings of arbitrarily chosen let- 
ters have length distributions that resemble those of 
identical letters. Results for 3 _I 1 5 7 are given in 
Fig. 5; LVF and RVF scores have been averaged, 
there being no signifkant differences. The other 
lengths I < 3 and I > 7 gave similar resuhs. At 
4 nom = k1.75” we obtained for the relative perceived 
length: i. = 0.87 +- 0.02 (/ 2 3, 95% conf. interval). It 

Fig. 4. Relative perceived length i. of letters x as a function of stimulus length 1 for the individual 
Ss. Number of stimuli per data point: 15. 
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Fig. 5. Length distributions of the responses fo strings of arbitrarily chosen letters. Scores averaged 
over seven Ss and left and right visual field. Number of stimuli: n = 105 (I = 3), n = 140 (1 = 4 or 

51, n = 175 (I = 6 or 7). See also Fig. 2. 

would seem, therefore, that the extensions of the let- 
ters do not have a noticeable influence on length per- 
ception. 

Different letter face and spacing 

In order to investigate the underlying (judging) 
mechanism of length perception, we made a direct 
comparison between two letter faces: Courier-10 and 
Bold-Face. In these letter faces the letters have the 
same height but the spacing is different. Courier-10 
has a constant letter spacing of 2.55 mm, while Bold- 
Face has a so-called “graphical spacing”. This means 
that its spacing width is variable, being 2, 3, 4 or 
5 units per letter. where each unit is 0.706mm. 
Because of the great variety of individual letter widths 
the letters are not properly linked up in a Courier 
string. In a Bold-Face string, however, the graphical 
spacing provides an equable concatenation of letters. 
Figure 6 shows a few examples. 

In an exploratory experiment strings of arbitrarily 
chosen letters were presented in Courier-10 as well 
as in Bold-Face at an eccentricity $,,,,, = k2.75”. 
Presentation and instructions remained the same as 
earlier. Four members of our Institute served as Ss. 

The plot of the averaged responded length < is 
depicted in Fig. 7 as a function of string length in 
mm. We corrected for the fact that the width of a 
letter is slightly smaller than a spacing unit. This cor- 
rection amounted to 0.5 mm for Courier-10 and 
0.1 mm for Bold-Face. 

It appears in particular from the Bold-Face data 
that the perceived length of letter strings is linearly 
related to physical length (in mm). Mdreover, data 

bet bet 

flnf flnf 

vnai vnai 

tlotfe tlotfe 

knlroh knlroh 

lneftcv lneftcv 

dsveuox dsveuox 

mcrvenw mcrvenw 

Courier-10 Bold-Face 

Fig. 6. Examples of letter strings in Courier-10 and Bold- 
Face. Courier-10 has constant letter width, whereas in 

Bold-Face various letters have different widths. 

of the two faces coincide for lengths smaller than 
15 mm. If we plot the Bold-Face data as a function 
of string length in numbers of letters, three different 
lengths in mm are brought in a vertical line, thus 
increasing the variance. Therefore it seems that Ss 
used a physical string length as a base for their length 
perception. 

DISCUSSION 

So far we have examined the length perception of 
diverse Ietter strings. From a visual point of view it 
is remarkable that the correct scores do not continue 
to decrease with increasing eccentricity. As is normal 
in visual tasks, correct scores are symmetrical round 
the fixation point. From a psychological point of view 
both results are remarkable. constant correct scores 
for larger eccentricities as well as the absence of a 
left-right visual field difference, contrary to what is 
found in word perception. 

We shall now discuss the results on length percep- 
tion and consider their implications for ideas about 
visual interference and word recognition. 

Length perception 

From experiments on magnitude estimation of line 
length it can be concluded that a psychophysical 
function obtains: 

$= k.L” 

in which $ = judged length, and L= stimulus length. 

I 

Fig. 7. Slean of reported lengths m in number of letters, 
in relation to stimulus length in mm for two leter faces. 
Averaged scores of four Ss and eccentricities 

4 nun? = * 1.75’. 
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The exponent n is usually about 1, whereas the value 
of k is not discussed [Stevens and Galanter. 1957: 
St&ens and Guirao. 1967: Teghtsoonian. 1955: JUrd, 
1970). Xirhough KC’ used a dit%rent euperimentai 
method and paradigm (eccenrric presentation. short 
e.upasure time and reporting number of letters) we 
also obtained a simple linear relation between aver- 
aged reported lengrh G and stimulus length 1: 

- 
131 = i..i 

where L. is a constant of about 0.8 j in the parafovea 
for / 2 3. The difference in performance between 
I = I or 2 and the other stimuli may be caused by 
different perceptual Sttdtegk of the k One or two 

letters can be recognized as separate units, whereas 
larger numbers of letters are rather perceived as -a 
gray stripe” whose length is estimated. %‘e would 
argue that these different perceptual strategies are re- 
sponsible for the higher E.-values of 1 = 1. 7. In fovea1 
vision there are also more details visible than in para- 
fovea1 vision. Hence more letters can be recognized 
separately. Because of this. the higher fovea1 E.-vaIues 
for stimulus lengths i = 5. f or j also seem due to 
incrcdsed detail perception. 

The dip in the values of the relative perceived 
length i. at 1 ~$1 x I ’ just next to the fovea (Fig. 3) 
remains unclear. A suggestion would be that it is 
related to the transition of detailed fovea1 vision 
toward parabveal vision. where length is judged on 
the base of stripe estimation rather than letter count- 
ing. 

Comparison of length perception of different letter 
faces supplies additional arguments that length can 
be perceived as such. Averaged responded length is 
linearly related to string length in mm, This might 
be interpreted as if S used an internai length standard. 
perhaps extracted from the he~ght~width impression 
of 3 stimulus. 

In eccentric vision an adverse interaction operates 
between adjacent tetters, c&ted fvisual) interference. 
Evidence of this is that Fewer detaifs of embedded 
stimuli can be distinguished. as compared to isolated 
stimuli (Woodworth and Schlosberg, 1954). Although 
acuity is sufficient to distinguish the individual letters, 
certainly for small eccentricities, this interference 
effect is assumed to disturb the correct perception of 
letters or Letter parts. Could this possibly be an 
explanation for the underestimation tendency? For 
two reasons we do not think this an attractive 
hypothesis. 

Baird J. C. (1970) The Psychophystisical A!wl.~sis of K~al 
Sp~~c,clee. Pergamon Press, London. 

Bouma H. (1970) Interaction effects in parafovcaI fetter 
r~ognition. Nnrure, tonci. 226, f7747S. 

Bouma H. and van Rens A. (1970) Reading proccsscs: on 
tix recognition of single words in ccccentxic vision iP0 
Ann. Pros. Kept, 5, 99-106. 

Bouma H.-(19e) Visual interference in the parafoveal 
recoenition of initial and final letters of words. Vision 

-I 

Res. 13. 767-782. 

Gibson E. J. fl9d5) Learning to read. Science 11, 
1066-1071. 

Firstly, in word recognition experiments there 
exists a left-right difference. to the advantage of the 
right fkid. which difference increases with word 
Iength. A IeFt-right difference in which word kngth 
exerts a similar influence has atso been found for the 
most inward ietters (nearest to the fovea) of non-word 
letter strings (Bourn& 1973). Our experiments did not 
show any L-R differences. Secondly a~ Fig. 7 shows, 
for parafoveal strings physical length seems to be the 
relevant parameter father than the number of ktttrs. 

Gibson E. J. (1971) Perceptual learning and the theory 
of word perception. Cogn. Psgchol. 2, 351-368. 

Huey E. G. (1938) Tk Psychology and Pedngqy of Reud- 
ing (1968). M.1.T. Press. 

Mackworzh N. H. (1965) Visuzf noise causm runnet vision. 
Psv&on. Sti. 3. 67-68. 

Mea&x 0. (1904) Zur Psychobgie des b.ese~s bei Kinder 
und Erwachstncn. Arch. ges. Psycho/. 2, 190-298. 

Mishkin M. and Forgays D. G. (1952) Word recomitiod 
as a Function of retinal locus. 1. exp, Pqchol. 43. 43--K& 

Neisser U. (1967) C’ognitiL-r Psychotugy. Meredith, New 
York. 

How can these results be interpreted in se&ion 
to word recognition where also an underestimation 

Nooteboom S. C. and Bouma H. (1968) On reading non- 
sense sylfables, whole words and coherent text Frota a 

of word length has been reported? (Messmer. 1904). relatively long distance. IPO Ann. Prog. Repr. 3, 47-54. 

Eqloratorq experiments on parafobeai word rxognl- 
tion by Boumd and Van Rens ri970, furnish ten@ 
distributions of tsord confusions which ia) show an 
underestimation tendency {for i f 41 and (b) do not 
depend both on ccccntri& of presentation and on 
stimulus length. 

This will be the subject of the subsequent paper, 

(a) There exists a generai tendency to underestimate 
the length [ (number of letters) of Inrzr strings. 12 
parafoveal vision, the averaged perceived length m 
can adequately be described by the linear function: 

(b) The relative perceived length i is (iI ~nde~~nd~~t 
of stimulus length for rl 3. and (ii) independent of 
eccentricity of presentation for 1 #I > 1’. 

At (4 1 1 1’ there is a distinct dip in E.-values for 
1 & 3. 

fc) Performance is better, however, for: (if stimulus 
lengths I 5 2 in parafoveai vision, and (ii) stimulus 
lengths f 5 5 in fovea1 vision. 

This seems mainly due to more details being dis- 
tinguished. 

(d) At constant letter height, length perception is 
lineariy related to string length in mm. 

(e) The length distribution of the responses do not 
show ieft-right differences, contrary to word recogni- 
tion. which is better in the right mual Geld. 
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