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No standard of measurement yet exists to measure computer hyphenation 
accuracy. The author discusses the need for such a standard ; among considerations 
discussed are; word frequency, hyphenation probabi lity, inter-word spacing, and 
line expansion factors. Very high hyphenation accuracy can be obtained if the 
computer program can select the words it chooses to h)•phenate without being 
"chastised" for failing to hyphenate where hyphenation is possible. The author 
presents a series of formulas for arriving at hyphenation accuracy ratings in 
different publishing environments and for measuring "positive" and "negative" 
hyphenation errors. 

Due w Lhe widespread application of digita l computers lo text 
processing applica tions and the concomitant requirement for the 
division of words aL the end of a line, a number of computer 
techniques for Lhe division of words have been developed. \Vith 
the advent of hig h-speed p hoto composition devices and more 
powerful and inclusive typesetting computer programs, high 
qualiLy computer hyphenation becomes an absolute necessity. 

At present the re is no standard for measuring the accu racy of 
computer hyphe nation. Selection between various techn iq ues and 
the effects of changes on a particular technique cannot be effec-
tively measured. 

If one were to adopt the convention of dividing correct hy-
phenations by the total of attempted hyphenations to arrive at 
the accuracy percentage, 100% accuracy could be obtained by stor-
ing one word in the computer and not attempting to hyphenate 
any others. 

While no one has approached this degree of statistical fla-
grancy, measurement fig ures have been quoted which d i.d not 
deduct from a program's accuracy rating for fai lure to hyphenate 
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when hyphenation was indeed possible. If accuracy ratings are 
directed toward the measurement of a program's accuracy for 
typesetting, there ar e several things which shou ld be taken into 
consideration. Among these are: 

Frequency. Any attempt to measure hyphenation accuracy with-
o u t taking usage frequency of the words into consideration would 
be misleading to a typesetter. Correct hyphenation of such words 
as " medium," " likely," or "picture" is much more important 
than the proper hyphenation of words such as " languor," 
"maxixe," or "epicene." Any accuracy measurement technique 
should take frequency of use into consideration. 

Wo1·d Length as a Function of the Aver·age Numbe1· of Characters 
Pe1· Line. Consider a set of characters, all of which have the same 
width, as on a computer printer. Also assume that a column 
width equal to 40 character positions is to be set. Since over 
99.98% of all words are less than 20 characters in length, let's 
consider only words of fewer than 20 characters. Neglecting cer-
tain fringe effects at the beginn ing of a line, the chances are 
approximately equal that a word will begin in any of the 40 
character positions, except for the second one. This is, of course, 
for lines as presented to the computer before hyphenation or 
juslification have been performed. 

A word can never be a candidate for hyphenation unless one or 
more of its characters extend past the fortieth character position. 
Therefore, the probability of a word being a possible candidate 
for hyphenation can be expressed as a function of the number of 
characters in the word and the number of characters in the line. 
In a 40-character line, a word could begin in any of 39 positions 
(in any position except the second one). A five-character word 
could become a candidate for hyphenation by beginning in any of 
the last four positions of the line. Therefore, a five-character word 
would have four chances out of 39 of being a candida te for hy-
phenation provided it appeared once, and only once, in the line. 
Figure 1 shows the p robabil ity of a word being a contender for 
hyphenation as a function of the number of characters in the 
word and the number of characters in the line. The graphs in 
Figure 1 illustrate one reason for placing greater emphasis on 
longer words when measuring hyphenation accuracy. 
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FAMILY OF LINES PLOTIING Pc vs WORD LENGTH FOR VARIOUS LENGTH LINES 
Where: 

X = Number of characters in word. 
C = Number of characters in line. 
Pc = Probability of a word being a possible contender for hypenation. 

(extending over the end of the line) 

This probability Pc (neglecting the case of a word appearing more than once In the line) is given by: 
Pc = (X- 1)/(C - 1) except where Cis less than or equal to X, 1n which case Pc = (X- 2)/(C - 1). 

100 r------------.------------.-------------r-----------~------------, 
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Figure I Number of Characters in Word 



Number of Spaces in the Lines and SfJa.ce!Jand ExjJansion. 
Hyphenation becomes a typesetting requirement when the in tet-
word space expands past some graphic quality value. 

The fun damental reason for sy llabification, in a typesetting ap-
plication, is to avoid excessive inter-word spacing. This spacing 
can be ex pressed as the expansion of the minimum inter-word 
space. For example: an expansion factor of 1.5 mere ly states that 
each inter-word space must be ex panded to 1.5 times irs mini-
m um value to obtain justification. Some expansion limit is nor-
mally reached before hyphenation will be attempted. That is, if 
the over-extending word is carried to the next line and the ex-
pansion factor is still less than the value set up (usually 1.7), no 
hyphenation need be attempted. This ex pansion factor is given 
by the formula 

E = S + (X + 1) = 1 + X + l [1] 

s s 
E = expansion factor 

S = minimum width o f all spaces in the line 

(X+ l ) = Line deficit (amount of excessive space remaining in 
the line after the over-extending word has been taken to the next 
line.) X is the minimum number of characters which must be 
carried to the next line to exceed E. The space which wou ld have 
preceded the character group taken to the next line is accounted 
for by the " l " added lO X. 

The ap plication of this formula res ults in a series of graphs 
(shown as Figure 2). These graphs illustrate the effect of the type 
o f work being set on the importance of word lengths as pertains 
to hyph enation. 

For example, a job requiring 10 spaces per line and permissible 
inter-word spaces of 1.7 will never requ ire hyphenation o[ words 
fewer than seven characters in length. 

Since about 63% of all words greater than fo ur characters in 
length, by frequency of use, are between five and seven characters 
in length, an accuracy rating which included words in this length 
range would be meaningless to a typesetter who specializes in 
wide-measure work. For example, a hyphenation program could 
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Family o1 expansion values (E) !or S vs X where: 
E = Expansion required per space 

to jus!ify the line. 

S = number of spaces in the line. 

X = M inimum number of characters 
which must be carried to the next 
l ine to exceed E. 

Formula: E = (S + X + t ) 
s 
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Figure II Minimum Number of Excess Characters to Exceed Expansion Factor 



correctly hyph enate a ll th e words of less than seven characters and 
two-thirds of the others for a n acc uracy rating of 87.42% , b ut the 
true accuracy rating would be 66.6% . A meaningful accuracy rat-
ing must tak e into con siderat ion the type of work being set. 

A combination of the technique used in generating F igu re l 
and the r esu lt of Figure 2 produces th e probability of the word 
be ing hyphenated as the functi on of th e type of work being set 
and the length of the word. This is shown for an expansion value 
of 1.7 in Figure 3. 

F igure 4 shows the word "accomplished" falling into the latter 
posi tions o f a 40-character line. H expansion of less than 1.7 is 
permissible, and a column width of 40 ch aracters is to be set, 
excess space equal to at least five character positions must be 
distributed among the spaces to equal or exceed the l.7limit. 
Therefore, "accomp lished" wou ld be hyphenated if.-and only if-
it began in positions 30-36 . If it begins past position 36, less than 
five character positions wi ll have to be dis tributed, resu lt ing in an 
expansion factor of less than 1.7. If it begins pr ior to position 30, 
the entire word will remain on the line . 

The word "accomplished" has seven chances in 39 of being 
hyphenated under the graphic condit ions given . This is equa l to a 
probability of about 18%. 

T he results shown in Figure 3 were derived by appl ication of 
the formula : 

P 11 =L- X 

C - 1 
P 11 = probability of a word being hyphenated , given that it ap-
pears on ce and onl y once, in a l ine. 

L = length of word 

C = number of characters in the line 

X= number of excess characters required to exceed the expan-
sion factor (from Figure 2) 

This formula holds, providing the line length is long in rela-
tion to the word length. T he formul a does not hol d true as the 
word length approaches the line length . 
250 

[2] 



WHERE. 

ph 

E = Expansion factor = 1 7 

L + 1 - S(E - 1) 
c 1 

Ph = probability of a word bemg hyphenated. g1ven that it appears once and onty once, 
ln a line. 

L = leng1h ol word. 
C = number of characters in the line. 
X = number or excess characters required to exceed the e.xpans1on tactor 
S = Number of spaces in the line. 
E = a1lowable expansion factor value before hyphenatton need be attempted. 
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The relationship between X and the graphic parameter E and 
S was given by [ I ). This formu la may b e rearranged so that X is 
ex pressed as: 

X= S (E - I)- l 

This rormula can be substituted into [2] yielding 

P" = L + l - S (E- 1) 
C - 1 

[3] 

[4] 

This formula expresses the probability oE a word being hy-
phenated as a function of its length and the parameters of the job 
to be performed. 

The only variable, once the graphic parameters of the job have 
been defined, is the length of the word. This formula can easi ly 
be applied and may be expressed as a (unction of length plus 
constants. 

This form u la r esults in a weighting factor which should be 
applied to the word being hyph enated. The frequency of use of a 
word gives a fairly accurate picture of the number of times a 
word wou ld occur in a given job. The probability P~o gives a 
representation of the number of times, per I 00 occurrences, that 
the word will be hyphenated. 

Therefore, the writer proposes that the hyphenation accuracy 
rating shou ld use the frequency of use of a word ti mes P 11 (for 
the length word in that typesetting environment) to arrive at the 
weight given to the word as far as hyphenation accuracy is con-
cerned. 

T yf;e of H yfJhenalion Errors 
Two types of hyphenati on errors commonly occur. These have 
been characterized as '"positive·· and "n egative." A positi ve hy-
phenation error is said to occur when the computer program 
picks an incorrect point. A nega tive hyphenation error occurs 
wh en the computer program does not hyphenate a word even 
though a correct breaking poi n t exists. 

Hyphenation accuracy measurements should take both types of 
errors into cons ideration. Many newspapers fee l that the positive 
errors are the most serious since they cause the resetting of two or 
253 



more lines. The introduction of negative errors r esul ts in poor 
graphic quality and excessive letterspacing, but need not require 
corrective meas ures. Very high accu racy figures are possible, with 
mediocre program techniques, if negative errors are not counted. 
It may also be possible to row, row, row your boat clown rivers of 
white space. 

I3ook publishers and job shop pri nters cannot, however, toler-
ate poor gTaphic qua li ty. 1 egative errors are just as pernicious, in 
this environment, as positive ones. 

Why Measure Accu-racy ii10Te Accmately? 
This article has sought to explain some of the considerations 
which should go into hyphenation accuracy measurements. If a 
standard encompassing these "on the job" considerations cou ld be 
agreed upon, it would serve at least three purposes: 

l . Give typesetters a mean ingful yardstick with which to meas-
u re a computer program's performance. 

2. Al low compu ter programmers to determine the effect of hy-
phenation program changes as they affect the actual job to be 
performed, rather than measuring these changes in terms of such 
irrelevant criteria as percentage of total words hyphenated cor-
rectly. A program change coul d easily increase the accuracy figure 
attained against a dictionary while decreasing the program 's 
actual on-the-job accuracy. 

3. Allow the "tailoring" of hyphenation (rules) to th e type of 
job to be performed. This will allow hyphenation programs to be 
tailored to a specific type of publisher according to his individua l 
needs, rather than supp lying one general program trying to be all 
things to all people. 

Toward Lh ese objectives the fol lowi ng method of determining 
the hyphenation accuracy of any computer program is proposed: 

I. Obtain a representative sam ple of the words being set in the 
typesett ing en vironment in which the program is to be used. This 
may be accomplished by simply collecting TTS tape, over a 
period of time, and then putting the words (text between space-
bands) on magnetic tape or some other form o( com puter storage. 

2. ext, sort these words, deleting duplicates bu t maintaining a 
count of the num ber of duplicates fou nd for each word. This 
count then becomes " raw" freq uency coun t for tha t word . 
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:L Determine th e typesetting en vironm ent in terms o f: 
(a) Average numbe1· of characters in the lines to be set , 
(b) Average numbe1· of spaces in the lines to be set, 
(c) Ex pan ion facwr allowed before attempting hyphena tion . 

4 . . ubstilltte the va lues lound in 3(a), 3(b), and 3(c) into 
formula (4) to arri\'e at a \'alue of Ph (or various length words. 

5. ~lultiply th e lrequency count obtai ned in (2) by the value 
o f P11 (depending upon the length of the word) fo und in (num-
ber 4). II P 11 is ncgati\·e , g ive it a va lue of 0. 

6. T his now provides a word sample wh ich is weighted by fre-
quency as well as typesetting en vironment. 

Steps I through 6 co uld be performed by the typesetter wishing 
to olnain hyp henation accuracy in formation as it pertains to his 
particul ar j ob, or better still by some agency of the g ra ph ic arts 
industry such as a research council. 

If an agency were to perform this function , it could co llect 
samples of words from various classes of typesett ing jobs and 
maintain these by types of jobs such as "medical," " news maga-
zin es," " newspaper," e tc. If th ese magnetic tapes were kept with 
" raw frequency" information rather than "environmentall y 
weighted frequency,' ' they could be used to produce tapes for any 
typesetting environmen t. This could be accomplished by simpl y 
adding the va lues of those considerations mentioned in 3(a), 
3(b), and 3(c) above and running this data against a program 
which woul d app ly fo rm ula [4) to produce a new tape. Th is new 
tape wo u ld then contain the "environ men ta lly weighted fre-
q uency'· cou n l. 

The "environmental ly weighted" tape, o( the types of words to 
be analyzed , would form th e in put sample for the hyphenation 
program and hyphenation accuracy mea urements. 

Lcl'!) ca ll this envim nmentall y weighted freq uency F,.w. 
This master dictionary, properly hyphenated and with F, . .,. for 

each word , would then be hyphenated by th e program technique 
under consideration. If the following statistics were maimained, 
the program accuracy, auributes, and shortcomings could be bet-
ter eva luated . 

Co unters should he maintained for the fo ll owi ng: 
l. The number o f hyphens in each master d ic tionary word is 
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multiplied by F, ... lor that word and this quantitv is then aclcled 
into a counter. Let's rail this counter" ." 

~.The <<>lll (Hiter hyphenated wmd is rompa1ed to the master 
dictionary hyphenation and a number ol points ''"hich mate hare 
roun1cd. Thi' numha is multiplied by F .... of that word and the 
resulting quantity i., added into another counter. Let\ call this 
('OlllltCr .. B ... 

3. The number of points in the computer h)phcnated \lOrd 
which did not match the master dinionary hyphenation are 
counted. This number times F, . .,. are added imo a third roumer. 
l .er's nil I t h is counter ··c." 

·1. The nt1mbe r of hyphens chosen by the computer and th e 
ll tlll lbc r ol' hyphens in the master d ie t ionary word a rc co mpa red. 

a. If the n umber or h yphens in the computer hyphenated word 
exc ecds the number in the master dictionary \lord, the difference 
times F,." is placed into a counter. Let's <.a ll this counter " D." 

b. If I he num her or hyphens in the mastel- d ictionat·y word 
exceeds the number the computer program chose, the difference 
1 i me~ F,." is added into another coun tcr. Let'-; ra II this counter 
"E." 

These counter\, alter the sample words have been hyphenated 
by the computer, wil l allm,· the calculation or several ratios to 
pinpoint a program's characteristics (Figure~ 5 and 6). The fol-
lowing ratios should be computed: 

Ra ti o, -= Total B X 100% = percentage or tota l cor rect 

Tota l A 
hyphens chosen (we ighted by F,."). T his ra tio, taken alone, is in 
no way indicative of a program's performance if the percentage 
ill high . 1f it is lo" , it indicates poor performance but does not 
show why. 

Ratio~= Total C x 100% = percentage of positive hyphen a-

Tmal A 
tion crrorl>. Thi percentage ma} <·,ceccl IOOet{ if the program 
choosel> too many points. 

Ratio:1 = Total D x 100<>{-. = percentage over-hyphenation. 

Total .\ 
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Figure 5. Sample computer hyphenation program technique number 1. 

Fi~re G. Sample computer hyphenation program technique number 2. 
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R:uio~ = T ola l Ex 100% = percentage under-hyphenation. 

Total A 

Knowledge of these ratios for various hyphen techn iques wi ll 
al low a meaningfu l comparison of those techniques. 

For exa mple, a high value for both I ancl 2 indicates very poor 
program performance result ing from over-hyphenation. Good 
progra m perform ance is indicated by a hig h va lue of 1 an d a low 
va lue of 2. If ra tio number 1, alone, were used, as has b een the 
case wi th cenain measuremen ts taken in the past, a perfect score 
should be obtained by simp ly pl acing hyphens after every letter 
in the word except the last one. This prob lem wou ld have been 
easil y pinpointed by examina tion of ratios 2 and 3. 

One of the more preva len t prob lems in most hyphena tion tech-
niques will be spotted by ratio number 4. This pinpoints a pro-
gram 's ·· reluctance" to hyph enate words it is n ot "sure" of. Very 
high hyphenation accuracy can be obtained iE the program can 
select the words it chooses to hyphenate witho ut being "chas-
tised " [or fai ling Lo hyphenate where hyphenation is possible. 

The accompanying sample word lists, showing simula ted com-
p uter hyphenation as well as master dictionary hyphenation for 
various hyphenation techni(ju e shortcomings, should pinpoint the 
im portance of knowing these ratios when eva luating a hyphena-
tion program's accuracy. 




