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The Information Value of Initial Letters in the 
Identification of Words 
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In  mos t  experiments dealing with the relative effectiveness of different word parts in 
word  identification, the greater importance of the word beginning has been ascribed to 

the sequential  order of speech. However,  differences in the a m o u n t  of information mus t  
also be taken into account:  initial letters contain more informat ion than final letters. 
In  order to determine whether  both factors have an effect, an experiment was carried 
out  in which 48 Ss had  to guess Dutch  7-1etter nouns  from a varying number  of letters 
which consti tuted either the initial or the final word part.  For these nouns as a group, 
beginnings and endings carried equal amoun t s  of information.  

The results indicated tha t  both  informat ion and  serial order in speech were effective. 
The time required for identification was dependent  on the amoun t  of informat ion of 
the n -g ram presented. The Ss also enumerated  more 7-letter nouns if the initial letters 
wer e available, and as a result identification took less time. In  addition, the enumerated  
nouns  were found to be re!atively f r e q u e n t  words, and speed of solution was directly 
related to frequency of occurrence in the language. 

Tachistoscopically presented words yield 
better recognition in the field at the right 
side of the fixation point than in the left 
peripheral field, as is shown in several ex- 
periments in which the recognition threshold 
for words was investigated (Mishkin and 
Forgays, 1952; Forgays, 1953). Melville 
(1957) showed that this difference in recog- 
nition time is larger for 7-letter words than 
for 3-letter words. In these experiments, the 
beginning of the words on the right side of 
the fixation point is more central in the field 
of vision than the initial letters of the words 
on the left side, and the longer the words, 
the larger this difference. These results indi- 
cate the relatively larger importance of the 
beginning of the word. The same conclusion 
was reached by Bruner and O'Dowd (1958) 
who showed that tachistoscopic recognition 
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of words was faster when the final letters 
were reversed than when the initial letters 
were reversed. 

This difference might have two reasons: (a) 
habits in speech, favoring the beginning as a 
starting point for producing and recognizing 
words, and (b) the differential amount of in- 
formation in initial and final letters. Miller 
and Friedman (1957), in their explanation of 
the same asymmetrical effect for text pas- 
sages, stress the former point. In word recog- 
nition, however, the amount of information 
has to be considered as well (Aborn and 
Rubenstein, 1960). The information, depend- 
ing on the number of alternatives and the 
probabilities of these alternatives, can be 
measured in two ways: (a) the number of 
different words in which an n-gram (i.e., n 
sequential letters) occurs, and (b) the rela- 
tive frequency of occurrence of the n-gram 
in the language. The correlation between 
these two measures is high, and both can be 
used as information indicators for the n-grams 
in relation to words. 

In the English language the n-grams at 
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the end of words are more frequent than the 
n-grams at the beginning, i.e., contain less in- 
formation (Miller, 1951; Aborn and Ruben- 
stein, 1960). In order to investigate whether 
the same holds for the Dutch language, Van 
Schooneveld's digram frequency data (Re- 
port RVO/TNO PL 216) were used, which 
are based on a text consisting of 117,000 
letters, the space between words (*) being 
counted as a letter. The conditional uncer- 
tainty of the first letters (given *) is: 

p~d~gr .1)IP~*) ~ 4.075 bits of letter. 

The conditional uncertainty of the last let- 
ters (given *) is: 

P(a~rr 1")]Pc*) - -  3.35 bits per letter. 

The mean conditional uncertainty of second 
letters in digrams is: 

P(digr11~2) Ip~11~ "-- 3.07 bits per letter. 

Initial and final letters in a word both con- 
tain more information than the other letters, 
but, as in English, compared to each other, 
the final letters are more redundant. 

Verbal Frequency and Word Recognition. 

Under impoverished stimulus conditions, 
words that occur relatively often in the lan- 
guage are recognized faster than less frequent 
words (Howes and Solomon, 1951; Solomon 
and Howes, 1951; Postman and Schneider, 
1951; Solomon and Postman, 1952; Post- 
man and Rosenzweig, 1956; Riegel and 
Riegel, 1961). On the other hand, redundant 
prefixes and suffixes delay word recognition, 
because they tend to increase the length of a 
word without giving much additional infor- 
mation (Riegel and Riegel, 1961). Recogni- 
tion of a word is, therefore, expected to be 
easier the less frequent (the more informa- 
tive) the parts of it that are presented. 

In the experiments dealing with the im- 
portance of different word parts for word 
recognition, the frequencies of the parts have 
not been taken into account. O16ron (1961) 
used nine French 9-letter words in an experi- 

ment resembling Bruner and O'Dowd's. He 
too presented his Ss with partially ana- 
grammed words, but they were allowed 5 rain 
per word to find the solution. The number of 
words solved was not different for the cases 
in which the initial letters and in which the 
final letters were in the correct order. 

Ol~ron questions whether the factors in- 
fluencing the solution process for anagrams 
are the same as those which affect the per- 
ception of words. In solving anagrams the S 
has sufficient time to try systematically all 
cues available. This is not the case when he 
has to perceive words. Ol6ron then suggests 
a second explanation for the equivalence of 
beginnings and endings. He considers the 
possibility that, for the French language, 
word endings are at least as informative as 
the beginnings of words. Both suggested ex- 
planations are again considered as hypotheses 
in a later article by Ol~ron and Danset 
(1963). In order to decide between them, the 
same nine French words were presented 
tachistoscopically, one-third of the word (be- 
ginning, middle or end) distinctly and two- 
thirds in a blurred fashion. Recognition was 
easiest when the initial letters were presented 
clearly. The beginning of the word seemed to 
be more important for word recognition than 
the other parts of the word. 

Discussing their results, Ol~ron and Dan- 
set suggest the sequential order of speaking 
and hearing as a possible reason for the su- 
periority of the beginning. They also mention 
the probability with which word parts occur 
in the language, but they remain inclined to 
credit word endings with a large amount of 
information and drop the issue as being in- 
soluble for the present. Pratt (1939) and 
Sacco (1951), however, have published ta- 
bles containing n-gram frequencies for the 
French language. According to these lists, 
final digram frequency is higher than initial 
digram frequency for 8 out of the 9 words 
used. Moreover, 5 out of the 9 final trigrams 
versus 0 out of the 9 initial trigrams occur 
in the list in which Pratt and Sacco corn- 
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piled the 24 most frequent trigrams in the 
French language. On the basis of these data, 
there is serious reason to doubt the informa- 
tior~al equivalence of initial and final letters, 
at least for the nine words used by O16ron 
and Danset. This points to the necessity of 
controlling frequency of word parts in ex- 
periments of this kind. 

METHOD 

In order to investigate whether, apart  from the 
larger amount  of information, initial letters con- 
tribute more to the identification of words, the 
following experiment was carried out. 1 

Material. All 7-letter nouns were selected from a 
Dutch word-frequency list (Linschoten, 1963). For 
these words the initial and final tri-, tetra- and pen- 
tagram frequencies were defined, the space being in- 
cluded as a letter. The n-gram frequencies based on 
a total of 450,000 letters from ten Dutch texts were 
available up to pentagram level. For each noun the 
frequency of the beginning and ending have been 
compared. The results are given in Table 1. Again, 
for this special group of nouns, it turns out that the 
initial n-grams are less frequent than the final n- 
grams. 

Out of these nouns two groups of 12 nouns each 
were selected with initial and final n-gram frequen- 
cies balanced, i.e., for tri-, tetra- as well as penta- 

gram level the frequency distributions of initial and 
final n-grams within a group of 12 nouns were the 
same. Word frequencies ranged from 1 to 67 per 
million words. 

Procedure. On a card only the first or the last two 
letters were given, while the letters to be guessed 
were indicated by dots. The S was to guess which 
7-letter noun was the intended one. If he did not 
succeed in finding this word after 1 min, he was 
shown another card with the next letter added. If 
he did not find the solution during the second min- 
ute, he was given the fourth letter, a n d  so on. Any 
7-letter noun based on the given n-gram mentioned 
by the S was recorded. When the S hit the noun in- 
tended, the time required for solving was noted and 
the next noun was presented in the form of two 
letters and five dots. 

Each S was given 12 words to solve, six with 
initial letters and six with final letters. A group of 
48 Ss, subdivided into groups A, B, C, and D. took 
part in the experiment. One set of 12 nouns was 

1 The authors are much obliged to Mr. A. X. 
van Naerssen for his help in carrying out this ex- 
periment. 

TABLE 1 

COMPARISON OF n-GRA~ FREQUENCIES OF 

BEGINNINGS AND ENDINGS FOR 1050 DUTCH 
7-LETTER NOUNS 

Ending Beginning 
more more 

frequent frequent p (bin.) 

Trigram 613 416 ~ .0001 
Tetragram 594 432 ~ .0001 
Pentagram 405 376 .31 

used with Groups A and B, and another set of 12 
nouns with Groups C and D. The presentation was 
so balanced that half the items in each set were 
presented with the initial letter and half the items 
with the final letters. 

RESULTS 

Forty-one of the 48 Ss needed less time to 
identify the words with the initial letters 
than the words with the final letters (bin. 
p < .001). Before it is concluded, that the 
verbal habit of identifying words from the 
beginning was responsible for this result, one 
should consider the following. The selection 
of the 24 nouns took place on the basis of 
n-gram frequencies in running texts. Possibly 
the n-gram frequencies for 7-letter nouns are 
different. If, for instance, these nouns as a 
special group often share the same ending, 
but rarely an identical beginning, the Ss 
would be able to mention more nouns start- 
ing from the end and it might then take more 
time for the intended noun to turn up. Anal- 
ysis showed that more nouns were indeed 
possible for a given ending than a given be- 
ginning, while the frequency distributions of 
both word groups did not differ significantly, 
as tested by Kolmogorov-Smirnov's two-sam- 
ple test (Siegel, 1956). This could have post- 
poned identification when the final n-grams 
were given. 

A better measure is, therefore, provided by 
the total nmnber of nouns mentioned for a 
given beginning as compared with a given 
ending. Table 2 shows the mean number of 
words mentioned by the Ss per given n-gram 
in the first, second and third minute. In ad- 
dition, the mean number of possible nouns 
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at the corresponding n-gram level is indi- 
cated, corrected for words solved. The cor- 
rection takes account of S's inability to men- 
tion more possible nouns on the basis of the 
n-gram in question, once he has found the 
intended one. For the minute in which the 
solution was found, half the number of pos- 
sible nouns was subtracted, for the next min- 
ute(s) the total number was subtracted. 

In spite of the larger number of nouns pos- 
sible on the basis of final n-grams, more words 
were enumerated when the initial letters were 
given. This result shows clearly that in find- 
ing words the beginning of the word as such 
is of paramount importance. 

The InJormation Factor 

With regard to the effect of information, a 
shorter solution time was expected in the case 
of (a) few alternative solutions, (b) high fre- 
quency of the solution words, (c) high fre- 
quency (i.e., low information value) of the 
n-grams to be guessed, and (d) low frequency 
(high information value) of the n-grams 
given. 

For each S, the total solution time required 
for the 6 nouns with the characteristics in- 
dicated above, was compared with the time 
needed for the remaining 6 nouns. The four 
hypotheses were tested by Wilcoxon's 
matched-pairs signed-ranks test for 48 Ss. Re- 
sults were all in accordance with the predic- 
tions made. The T-values were 538, 511,738, 
and 763 respectively. All are significant at 
the .01 level. One or more of these effects, 
however, could be artifacts because of inter- 
dependency of the variables concerned. As 
is shown in Table 3, Spearman rank correla- 
tion over the 24 solution words only indi- 

cated an interrelation between factors (a) 
and (d). 

In summary it may be concluded that high 
frequency of the solution word and high re- 
dundancy of the missing word part both fa- 
cilitate the identification of the word. A large 
number of alternatives provided by the given 
n-gram and high redundancy of this word 
part lengthen solution time, although it can- 
not be decided whether these factors are to 
be distinguished or not. 

So far, the results for initial and final n- 
grams have been considered together. A 
breakdown of these data shows that the ten- 
dencies found are due largely to the beginning 
of the word. With regard to the four variables 
in question, the final part of the word is less 
influential, whether it is given or missing. 

All nouns produced by the S were checked 
for effects of word and n-gram frequencies. 
Regarding word frequency, it was hypothe- 
sized that the frequencies of words produced 
would be relatively high as compared with 
the frequencies of all possible words begin- 
ning with the same n-grams. The frequencies 
of all words produced by one or more Ss 
during the first minute were listed, and the 
distribution of these frequencies was com- 
pared with the distribution of the frequencies 
of all possible nouns. In accordance with the 
hypothesis the distribution of the nouns men- 
tioned appears to be displaced towards the 
higher frequencies. The effect is significant 
at the .01 level by Kolmogorov-Smirnov's 
one-sample test (Siegel, 1956). 

A second question is whether, apart from 
word frequency, Ss tenet to add the most 
probable sequential letters to the given n- 
grams. The group of mentioned nouns was 

TABLE 2 

]V[EAN NUMBER OF NOUNS POSSIBLE AND ENUMERATED PER GIVEN n-GRAM PER S 

Initial letters given Final letters given 

Possible Enumerated Possible Enumerated 

Trigram (lst min) 19.7 1.28 31.1 0.99 
Tetragram (2nd min) 3.8 0.88 5.0 0.62 
Pentagram (3rd min) i.1 0.66 1.4 0.50 
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TABLE 3 

SPEARMAN RANK CORRELATIONS BETWEE~ (1) 
NUMBER OF ALTERNATIVE SOLUTIONS ON THE 

BASIS OF THE TRIGRAI~I GIVEN, (2) FREQLrE,NCY 
oF SOLUTION WORD, (3) FREQUEJ~rCY OF MISSrNC 

TRIGRAB~, AND (4) FREQUENCY OF GIVEN T~GRA_~ 

Correlations For initial For final 
between trigrams trigrams 

(1) and (2) --.029 .098 
(1) and (3) a .133 --.177 
(1) and (4) .765* .614" 
(2) and (3) --.070 .098 
(2) and (4) --.070 .098 
(3) and (4) .021 .021 

a In this case 'For initial trigrams' refers to the 
given trigrams for (1) as against the missing final 
trigrams for (3); 'For final trigrams' refers to the 
given trigrams for (1) as against the missing initial 
trigrams for (3). 

* p <  .01. 

compared with an otherwise randomly se- 
lected group of not-mentioned possible nouns 

that  had the same word-frequency distr ibu- 
tion, and i t  was determined whether the third 
let ters in the mentioned nouns have higher 
condit ional  probabil i t ies.  Comparison of the 
dis tr ibut ions by  means of Kolmogorov-Smir-  

nov's two-sample test yielded no significant 
results here. By a one-tailed Z 2 test (Siegel, 

1956), a significance level between .05 and 
.10 was at ta ined.  

The  conclusion is that ,  where two letters 
are given, Ss tend to enumerate relat ively 
frequent words. Apar t  from word frequency, 
no definite effect could be demonstra ted in 
these words with respect to the conditional 

probabil i t ies  of third letters.  

DISCUSSION 

The importance of initial  let ters in the 
identification of words is based on two fac- 
tors:  (a)  In  general, the initial  par t  of the 
word contains more information;  the more 
information is given in a word part ,  the more 
easily the word is identified. (b)  Even with 
the same amount  of information,  production 
of nouns and, eventually,  identification of the 
intended noun, are easier when the initial  

let ters are given than when only the final 

let ters are available.  

Words  appear  to be retr ieved from mem- 
ory in sequential  pat terns ,  the init ial  let ters 
being the obvious start ing point.  This  may 
either result  from the way in which verbal  

information is stored in memory,  or be a 
characterist ic  of the retr ieval  mechanism. In  

addit ion,  habi tuat ion to a larger amount  of 
information in the beginning of words may  
have sensitized the S to any information 

given in that  par t .  

The  fact that ,  in the language, word be- 
ginnings are more informative than endings 
might  be a consequence of a general psycho- 

logical rule. In  terms of information theory, 
this rule could be as follows: Taking  away 

uncer ta inty  in the beginning leaves the or- 
ganism with relat ively fewer possibili t ies to 
be kept  in mind during the whole course of 
transmission, and for that  reason improves 
the transmission of messages. A 'principle of 

least effort' (Zipf, 1949) appl ied to the lan- 
guage as a temporal  sequence of speaking 
and reading, would in fact imply that  infor- 

mation should be provided by  the par t  of 
the sequence where its function is optimal.  
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