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Frequency of Usage and tt 

Perception of Wore 

Mark R. Rosenzweig and Leo Postn 

Telephoning in London with a poor 
connection, Mr. Sedgwick spells his 
name, identifying each letter with a 
word: "S as in 'sugar,' E as in 'Edward,' 
D as in 'David,' G as in 'George,' W as 
in 'William,' I as in 'Isaac,' C as in 'Char- 
lie," K as in 'king.' " (The words he 
uses are suggested in "Aids toward clear- 
ness of speech" in the front of the Lon- 
don telephone directory.) 

Monsieur Dumartin, telephoning un- 
der similar conditions in Paris, identifies 
the letters of his name in this way: "D 
comme 'Desire,' U comme 'Ursule,' M 
comme 'Marcel,' A comme 'Anatole,' 
R comme 'Raoul,' T comme 'Therese,' 
I comme 'Irma,' N comme 'Nicolas'." 
(These alphabetic equivalents are in the 
list given in the Paris telephone direc- 
tory.) 

In both cases, the procedure works 
and the name is recognized. The alpha- 
betic equivalents are more intelligible 
than the surnames or the letters. Such 
examples have intrigued psychologists 
who are interested in perception. What 
makes some words more intelligible than 
others? How should groups of words be 
chosen for maximum intelligibility? 
Within the past few years, several psy- 
chologists (most of them alumni of the 
Psycho-Acoustic Laboratory at Harvard 
University) have conducted studies to 
find what factors determine intelligibil- 
ity. The results have general significance 
for our understanding of perception, not 
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modalities as well. In f? 
same investigators have 
visual recognition of w 
parison of results in auc 
will help to show what i 
perception of words anc 
iar to one sensory mod; 
the perception of words I 
retical as well as practi 
cause they illustrate sor 
in which past experience 
ceptual discrimination. 

Since 1950, three mai 
been reported. We shall 
and then consider how 
tained and what they i 

1) A listener can iden 
accurately if he knows 
which the words will 1 
shorter the list, the more 
words will be (1). Evid 
list of alphabetic equiva 
an aid to intelligibility, 
that the speaker and listo 
them. (How much of an 
ily chosen list would be, 
later). 

2) The greater the re] 
of usage of a word in th 
more intelligible it tends 
in writing and speaking N 
age about a hundred ti] 
than the word cud, and 
age is recognized con 
readily than cud. 

3) The greater the le 
the more intelligible it te 
frequency of usage is hel 

SCIENCE 

It had been pointed out earlier that 
words employed in a list will be more 
intelligible if they cannot readily be con- 
fused with one another. 

le 
Measurement of Intelligibility 

is All the studies from which these re- 
sults come have used the same basic 
technique to measure the intelligibility 

ian of words: The words are presented one 
by one in the presence of a masking 
noise, and listeners attempt to identify 
each word. The relative intensity of 
the noise to the words is varied systemati- 

n other sensory cally-that is, the sound intensity of the 
act, some of the words is held constant, but the intensity 
also studied the of the noise is changed from one part of 
ords, and com- the experiment to another. (In some ex- 
lition and vision periments, the intensity of the noise is 
is general in the held constant, and the intensity of the 
i what is pecul- speech is varied.) The relative intensity 
ality. Studies of of the noise at which listeners can just 
have broad theo- hear a word gives a measure of intelligi- 
ical interest be- bility, or a recognition threshold for that 
ne of the ways word. To mask some words may require 
- influences per- 20 decibels more noise than to mask 

others. The importance of this difference 
in findings have may be gauged by noting that the noise 

list them here of a pneumatic drill (or of a noisy auto) 
they were ob- is about 20 decibels more intense than 

imply: the level of ordinary conversation; these 
itify words more two levels are respectively about 80 and 

the list from 60 decibels more intense than those of 
be chosen. The the weakest sounds that normal ears can 
e intelligible the -hear. The fact that one word can be 
ently, then, any heard over the noise of a pneumatic 
dlents would be drill while another word is just intelli- 
,provided only gible over a background of conversation 

ener agree upon does not mean that the two words differ 
aid an arbitrar- greatly in intelligibility in the quiet. The 

we will consider measure tells only how well a word can 
overcome the effects of masking noise. 

lative frequency It is of course precisely where there is 
te language, the noise-in the office, on the street, over 
to be (2). Thus, the telephone, in the presence of other 
we use the word conversations-that we are concerned 
res more often about intelligibility, so the measure of 
tests show that resistance to masking noise is a useful 

siderably more one. 
To select words with regard to their 

ngth of a word, frequency of usage in English, the Lorge 
nds to be, when magazine count (4) has generally been 
Id constant (3). used. This is a tabulation of 4.5 million 
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words from 1929-1938 issues of five 
popular American magazines. No large- 
scale count of oral usage in English is 
available, but the magazine-count fre- 
quencies correlate fairly highly (about 
0.75) with estimates of oral usage of col- 
lege students. In French, a count of oral 
usage has recently been completed (5), 
and we have used it in a study of intel- 
ligibility as a function of frequency in 
French. 

Frequency of Usage 

Now let us consider the results ob- 
tained when intelligibility is measured as 
a function of frequency of usage. The 
masked thresholds show that, for each 
tenfold increase in frequency of usage, 
about 4 decibels more of masking noise 
can be overcome. Figure 1 shows this 
relationship for monosyllabic English 
words. The most frequent words used in 
the experiment, shown at the right of the 
graph, can be heard over about 12 deci- 
bels more noise than can the least fre- 
quent words used. A similar experiment 
was performed with French words and 
French listeners, and similar results were 
obtained; thus the effect of frequency on 
intelligibility seems to be a general one. 

English listeners would of course be 
expected to do poorly on the French list, 
since the frequencies of usage of French 

words-pronounced correctly-are near 
zero for English listeners. Similarly, 
French listeners would perform poorly 
on the English list. We have even found 
that American university students whose 
maternal language was not English score 
significantly lower on our intelligibility 
test than do students whose original lan- 
guage was English. Mr. Sedgwick and 
M. Dumartin clearly require separate 
lists of alphabetic equivalents while tele- 
phoning within their own countries. For 
international telephonic communication 
a special list of alphabetic equivalents 
has been worked out, a list consisting of 
common geographical terms whose pro- 
nunciations are reasonably similar in 
Western European languages. 

Restriction of Alternatives 

The effects of changing the length of 
the list of test words have also been de- 
termined experimentally. For a tenfold 
increase in list length, intelligibility of 
the words falls about 4 decibels. This 
indicates that a word does not have an 
absolute intelligibility. The listener can 
recognize a word more readily when it 
is one of two alternatives than when it 
is one of twenty. Thus the word is per- 
ceived in terms of the alternatives avail- 
able, as the mathematical theory of in- 
formation would predict. The selection 

of any group of alphabetic equivalents 
brings the length of the list to 26. Esti- 
mates indicate that, with no list avail- 
able, listeners respond in terms of a set 
of alternatives of the order of 30,000 
words. Thus an arbitrary selection of al- 
phabetic equivalents reduces the alter- 
natives by 1000-fold and can be expected, 
on the average, to improve intelligibility 
by about 12 decibels. 

Since the selection of an arbitrary 
group of alphabetic equivalents would 
be expected to improve intelligibility, it 
may be asked why the names of the let- 
ters themselves are not satisfactory 
enough. In favor of the letter names, it 
could be added that many of them are 
homonyms of frequently used words such 
as a, be, and see. Letter names have one 
distinct disadvantage, however: Many of 
them are readily confused with each 
other. The confusions occur because 
many of the letter names have the same 
vowel sound, the largest group sharing 
one vowel sound being the nine letters 
B, C, D, E, G, P, T, V, and Z. The sound 
power of a word is concentrated chiefly 
in the vowels, while the consonants are 
relatively weak. Consequently, it is diffi- 
cult in the presence of noise to distin- 
guish words that differ in their consonant 
sounds but not in their vowels. 
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Fig. 1. Intelligibility of monosyllabic English words increases as a function of their fre- 
quency of usage. The intelligibility scale indicates the difference in decibels between the 
intensity of the masking noise and the intensity of the word when the word is just intel- 
ligible. Each dot represents one of the words used in the experiment, and four typical 
words are identified. The figure is modified from Rosenzweig (2). 
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The influence of word length on in- 
telligibility can be interpreted as a spe- 
cial case of the effects of length of list. 
When frequency is held constant, intel- 
ligibility increases steadily with word 
length. This beneficial effect of length 
is found even up to the longest words 
tested-words of 21 letters. In inter- 
preting this length effect, Howes (3) h,s 
suggested that the listener can discrimi- 
nate the length of a word even if he 
does not recognize the word correctly. 
The population from which the test 
word could come would thus be reduced 
to words of the discriminated length. If 
this is so, then we have once more a 
case where the number of alternatives 
has been restricted. Since there are many 
short words but fewer long ones, the re- 
striction of alternatives would be greater 
for, say, an 11-letter word than for a 
3-letter word. On the basis of relative 
frequencies of words of each length in 
the Lorge magazine count, Howes has 
calculated the degree to which word 
length might be expected to aid intelli- 
gibility, and his calculated values fit his 
data well. 

SCIENCE, VOL. 127 



20 

C'1 

Fig. 2. A three-dimensional representation of visibility of words as a function of both 
frequency and word length. The sloping upper surface of the figure represents mean 
thresholds, greater height indicating greater visibility. The greater the frequency of the 
words, the less long they need be exposed to be seen, and thus the greater their visibility. 
Visibility decreases with word length, except for the most frequent words. (The values 
on the vertical scale equal 100 minus exposure duration in milliseconds.) The figure was 
prepared from data of Postman and Adis-Castro (9). 

At this point a comparison of auditory 
and visual experiments is instructive. 

Experiments similar to the auditory ones 
have been performed with tachistoscopic 
perception of words. In this case the 
words are flashed on a screen for expo- 
sures of perhaps 1/100 second and the 
observer attempts to perceive and record 
them. Thresholds are determined by 
varying either the duration or the in- 

tensity of the flash exposure. Here, too, 
there is a word-frequency effect; in fact, 
it was discovered earlier in vision than 
it was in audition. The more frequently 
a word is used in the language, the more 

readily it can be seen (6). But in vision, 
contrary to the case in audition, the 

longer the word is, the less chance there 
is that the observer will report it cor- 

rectly (7). The combined effects of fre- 

quency and word length on the visual 
threshold are shown in Fig. 2. The 
threshold is indicated by the level of the 

sloping surface: The higher the level, 
the more readily the items can be seen. 
The fact that greater frequency favors 

perception is shown by the upward slope 
of the surface from left to right. Length 
has negligible effects when word fre- 

quency is high. With words of lower fre- 
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quency, greater length impairs ease of 

perception, as shown by the upward 
slope from back to front at the left of 
the figure. Figure 3 shows the effects of 

frequency and word length in audition. 

Here, too, a higher level indicates greater 
ease of perception. The frequency effect 
is similar to that in vision-the threshold 
surface slopes upward from left to right 
as frequency increases. But, contrary to 
the case in vision, intelligibility increases 
with word length-the surface slopes 
downward from back to front-for both 

frequent and infrequent words. 
The fact that word length has oppo- 

site effects in audition and vision requires 
that we seek for differences between the 

auditory and visual cases. (Howes' for- 

mulation, as stated, would seem to be 

just as applicable to vision as to audi- 

tion, but it clearly would not predict 
correctly for visual perception.) The di- 

vergent effects of word length in audi- 
tion and vision may be explained partly 
in terms of differences in tendencies to 

give complete responses to auditory and 
visual stimuli. In two experiments, one 

auditory and the other visual, we em- 

ployed the same list of three-letter words 

(8). The subjects had to write down 

words masked by noise or words flashed 
briefly on the screen. The thresholds for 
correct responses in the two sensory mo- 
dalities could not, of course, be com- 
pared since one cannot measure masking 
noise and flash duration in the same 
terms. Taking only incorrect responses, 
we found that subjects tended to give 
complete, three-letter responses in the 
auditory case but that they tended to 
give incomplete one- or two-letter re- 
sponses in the visual case. The responses 
to auditory stimuli tended to be made 
in units of a word or syllable; the re- 
sponses to visual stimuli tended to be 
made in terms of letters or pairs of let- 
ters. If a perceived fragment of an audi- 
tory stimulus tends to be completed in 
the response, we would expect that, the 
longer the word, the greater the chance 
that the listener will perceive at least 
part of it and then complete the rest. In 
vision, however, the longer the word, the 
greater the chance that part of it will not 
be perceived and that the report will 
then be incomplete. It should also be 
noted that length is penalized by the 
fixed time of tachistoscopic presentation 
in a way that does not occur in auditory 
presentation. In tachistoscopic presenta- 
tion, words of different length are com- 
pared at the same durations of exposure, 
and there is not time to shift the fixation 
of the eye as in ordinary reading. The 
greater the number of units to be dis- 
criminated during a single exposure, the 
more rapidly must each be discrimi- 
nated. In auditory presentation, each 
word is pronounced at a normal rate, 

Fig. 3. Intelligibility as a function of fre- 
quency of usage and word length. The 
sloping upper surface represents mean 
thresholds. With increases in both fre- 
quency of usage and word length, words 
can be heard over greater intensities of 
masking noise. (The values on the vertical 
scale equal 20 plus intensity of masking 
noise in decibels minus intensity of the 
words in decibels.) The numbered loca- 
tions on the surface are discussed in the 
final section of this article. The figure was 
prepared from data of Howes (3). 
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and longer words consequently are given 
proportionately longer presentations. The 
rate of discrimination then need not vary 
with the length of the word. 

Habits and Performance Factors 
in the Perception of Words 

Vision and audition share the benefi- 
cial effects of frequency of past usage 
and of restriction of alternatives upon 
ease of perception of words. Frequency 
of past usage may be considered to de- 
velop habits of responding to a particu- 
lar stimulus with a particular response. 
The more frequently a word has been 
used in the past, the more readily it is 
recognized. The restriction of alterna- 
tives in a particular situation operates 
differently. It does not change the per- 
ceiver's habits, which are based on his 
history of past usage. Rather it is a 
"performance factor" which influences 
the use made of already formed habits. 
The smaller the number of alternatives 
included in the set of words expected by 
the perceiver, the more ready he can be 
to use each of the corresponding habits. 
Thus both frequency of usage and re- 
striction of alternatives make it easier 
to give a complete response to a stimulus 
word on the basis of fragmentary dis- 
criminations. 

A Practical Suggestion 

Our survey of the factors governing 
intelligibility suggests a way in which 
more highly intelligible alphabetic equiv- 
alents might be selected. First let us see 
where the current alphabetic equivalents 
are located on Fig. 3. The words of the 
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intelligibility suggests a way in which 
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alents might be selected. First let us see 
where the current alphabetic equivalents 
are located on Fig. 3. The words of the 

English telephone list (Andrew, Benja- 
min, Charlie, David, and so on) have 
an average length of 5.7 letters and an 
average frequency of 254 on the Lorge 
magazine count. These values determine 
the location labelled 1 near the lower 
right corner of the surface. Words of 
the joint U.S.-British radiotelephone 
list (the familiar Able, Baker, Charlie, 
Dog, and so on) have an average length 
of 4.1 letters and an average frequency 
of 355; this group centers around the 2 
on the surface. (In both cases the indi- 
vidual words scatter rather widely 
around the average values, considerably 
more widely than the cross-hatching in- 
dicates.) Now these lists were not delib- 
erately selected to be on the lower right 
corner of the diagram, because the stud- 
ies on effects of frequency of usage and 
word length had not yet been done when 
the lists were prepared. The main cri- 
terion employed was that the words be 
common, familiar ones. In the case of 
the U.S.-British list, empirical tests were 
used to choose highly intelligible words 
from a pool of familiar items. The use 
of the criterion of familiarity leads to 
words of high frequency and low length, 
since familiarity implies high frequency 
and since, in turn, frequent words tend 
to be short. It should be noted, however, 
that although frequently used words tend 
to be short, there are many frequent 
words of considerable length. The figure 
indicates that by selecting longer words 
toward the upper right corner of the sur- 
face, the region labelled 3, a gain of over 
6 decibels in resistance to noise might 
be achieved. In fact, wartime tests of in- 
telligibility demonstrated that many of 
the items of the U.S.-British list could 
be improved. Twenty-two changes were 
suggested on the basis of empirical tests; 
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19 of the changes substituted items of 
greater length for the original words. 
This improved list, which was never 
adopted, had an average length of 6.4 
letters and an average frequency of 56. 
Length was gained, though with some 
loss in frequency. 

Now that the effects of frequency and 
of length on intelligibility have been 
made explicit, it should be possible to 
choose items from a pool of words that 
are both frequent and long. The dia- 
gram, of course, presents only average 
thresholds. Within any region, some 
words are more intelligible and some are 
less intelligible than would be predicted 
on the basis of their frequency and 
length. Empirical tests will therefore be 
required to determine whether the most 
intelligible items from the pool of longer 
words are clearly superior to the most 
intelligible of the shorter words. If they 
are, we may find Mr. Sedgwick spelling 
his name on a future occasion in this 
way: "S as in 'student,' E as in 'exami- 
nation,' D as in 'department,' G as in 
'grandmother,' W as in 'welcome,' I as 
in 'industry,' C as in 'companion,' K as 
in 'kindness.' " 
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The continuation of nuclear tests 
makes a thorough understanding of the 
movement and uptake of strontium-90 a 
necessity while the levels in man and his 
environment are still relatively small 
compared with natural background radi- 
ation. In a previous publication (1) the 
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first data on a world-wide analysis of 
strontium-90 in human tissue were pre- 
sented. The study of the geochemical 
distribution of strontium-90, of its trans- 
fer through the food chain, and of its 
variation in human populations has con- 
tinued (2). This article (3) summarizes 
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tinued (2). This article (3) summarizes 

over a thousand analyses of human bone 
and interprets these data in terms of 
present concentrations of strontium-90 in 
the various critical phases of the geo- 
sphere and biosphere. The new data per- 
mit a closer definition of the average 
concentration of strontium-90 in a large 
part of the human race, the geograph- 
ical and dietary variation, the increase 
in the concentration with time, and the 
distribution in urban populations. From 
the existing data, an attempt is made to 
predict future levels under specified con- 
ditions. 
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