




































































































































































































































































































































































































































































































































sound of a buzzer, flipped to the next study card. During an intervening 
period of 20 minutes, subjects solved logic problems. Then they were 
given a list with only the terms and were asked to supply the abbre­
viations they had learned. If unsure, they were to make their best 
guess. 

3.3 Results and discussion 

Table V shows the proportion of correct responses for the two 
experimental groups for all words combined, separately for the abbre­
viations that were identical for the two groups, and for those that were 
different for the two groups. It also shows the standard error of the 
mean calculated across terms. The difference between the rule and 
popular conditions was highly reliable (p < 0.001) in all three cases. 
Thus, learning an internally consistent set of abbreviations facilitated 
later recall or generation. (Note that if subjects implicitly or explicitly 
knew the rules, they should have been able to generate the correct 
abbreviation for a given term.) 

We performed additional analyses to determine in which linguistic 
environments the rules most facilitated performance. Table VI shows 
the mean proportion correct as a function of experimental group for 
one-, two-, three-, and four-syllable words, and multiple words. 

The ability of the abbreviation rules to predict the popular abbre­
viations was far from uniform across the syllable/word classes. For 
one-syllable words and multiple-word terms, the rule and popular 
abbreviations were identical. While there was still a recall advantage 
for the rule abbreviations, it was small and not statistically reliable. 
However, this was not the case for the other three word classes. 
Evidently, the abbreviation rules for one-syllable and multiple words 
are reasonably straightforward and either tacitly known or easily 
learned by subjects. 

The rules and natural productions were in only moderate agreement 

Table V-Proportion of abbreviations correctly 
recalled and/or generated as a function of 

experimental group 
Rule Popular 

Overall (81 terms) 0.70 0.54 
Standard error of the mean 0.02 0.03 

Abbreviations same in two 0.76 0.63 
groups (53 terms) 

Standard error 0.03 0.03 

Abbreviation different in 0.54 0.37 
two groups (28 terms) 

Standard error 0.04 0.04 
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Table VI-Proportion correct in rule and popular conditions as a 
function of the linguistic class of term 

One- Two- Three- Four-
Syllable Syllable Syllable Syllable Multiple 
Words Words Words Words Words 
N = 15 N= 42 N= 12 N=2 N=lO 

Mean proportion correct 
Rule group 0.78 0.62 0.59 0.50 0.97 
Popular group 0.73 0.42 0.45 0.44 0.91 

Proportion of items for 1.00 0.45 0.58 0.50 1.00 
which rule abbrevia-
tion and popular ab-
breviation were the 
same 

for two-, three-, and four-syllable words, and for these word classes, 
using the rules to produce abbreviations had the greatest facilitative 
effect on performance. One could presume that there is more variation 
in terms of linguistic composition for these classes. Owing to this 
complexity, people's internal abbreviation rules may be inconsistent, 
incomplete, and therefore, more variable. However, if rules are for­
mulated for subjects, the subjects can use them to learn abbreviations. 

3.4 Conclusions 

The results and conclusions to be drawn from Experiments I and II 
are relatively straightforward. First, the process by which we produce 
abbreviations is not entirely idiosyncratic, but is to a large degree 
regular. We derived abbreviation principles that characterized a ma­
jority of the most frequently elicited abbreviations for each term. The 
abbreviation rule produced abbreviations that were easier to learn 
than the most frequently produced abbreviations. There was a sub­
stantial advantage of learning abbreviations in a mutually consistent 
set, even when the abbreviation being learned was the same as would 
be frequently given by subjects. However, the generality of these results 
is limited, since the rules were derived from the same set of words that 
served as stimuli in the recall. 

IV. EXPERIMENT III: ABBREVIATION PRODUCTION AND LEARNING OF 
RANDOM WORDS 

4.1 Introduction 

To test the generalizability of the rule set used in the previous 
experiment, we applied the rules to a random set of words selected to 
have the linguistic properties considered relevant in the rule set. A 
replication was needed, since it is possible that the terms used in the 
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command set studied in Experiments I and II have properties that 
differ in some unknown way from ordinary English words. A priori, it 
is conceivable that the command name words might be different 
semantically, phonetically, and grammatically from "ordinary" Eng­
lish words. Thus, to know whether rule-based abbreviations are better 
in general, the test words should be a random sample of words. Also, 
since the rules were generated from examining subjects' abbreviations 
of these words, the rule set may include conditions that are the result 
of idiosyncracies in the particular commands selected. 

4.2 Method 

4.2.1 Word selection 

A total of 200 English nouns and verbs were randomly selected from 
Kucera and Francis3

• Words were either one (N = 40), two (N = 80), 
or three (N = 80) syllables. For the two- and three-syllable WGLJS, 40 
had prefixes (e.g., "de," "dis," "pro," "post," and "mis"), while 40 did 
not. 

4.2.2 Production subjects 

Thirty-two paid Rutgers University undergraduates supplied abbre­
viations for the random words. 

4.2.3 Procedure 

The word set was randomly divided in half with half of the subjects 
supplying abbreviations for 100 words. 

4.3 Production results 

We analyzed the data in the same way as in Experiment 1. Tables 
VII and VIII show the proportion of abbreviation productions ac­
counted for by variable length truncation, vowel deletion, the rule set, 
and the most frequently given abbreviation (popular). Table VII shows 
proportions for all words combined and separately for one-, two-, and 
three-syllable words. Note that the proportions in Table VII are 
reasonably close to those found in Experiment 1. 

Table VIII compares two- and three-syllable words with and without 
prefixes. The existence of a prefix decreased abbreviation agreement 
in the popular condition (t79 = 2.790, p < 0.01). Thus, prefixes affected 
production. However, it does not appear that prefix conditions in the 
rule set (as described in Table III) managed to capture any of the 
differences between words with and without prefixes. Abbreviation 
behavior was best represented by a truncation rule irrespective of 
whether the word had a prefix. 
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Table VII-Abbreviations generated for randomly 
selected English words 

Vowel 
Truncation Deletion Rule Set Popular 

All words, N = 200 
Mean 0.396 0.234 0.304 0.406 
Median 0.375 0.188 0.312 0.312 
Standard error 0.013 0.014 0.015 0.015 

One-Syllable Words, N = 40 
Mean 0.228 0.483 0.473 0.512 
Median 0.188 0.500 0.469 0.500 
Standard error 0.027 0.033 0.034 0.027 

Two-Syllable Words, N = 80 
Mean 0.382 0.245 0.274 0.374 
Median 0.375 0.250 0.281 0.375 
Standard error 0.018 0.017 0.019 0.015 

Three-Syllable Words, N = 80 
Mean 0.493 0.099 0.250 0.383 
Median 0.500 0.062 0.188 0.375 
Standard error 0.019 0.008 0.024 0.017 

V. LEARNING RULE-BASED AND POPULAR ABBREVIATIONS FOR 
RANDOM WORDS 

5.1 Method 

5.1.1 Subjects 

A total of 90 paid adult recruits from the Holmdel area participated 
in the experiment. 

5.1.2 Procedure 

The procedure was identical to that reported in Experiment II with 
the exception that the interpolated task was underlining "important 
concepts" in a text-editing manual. There were three conditions. Thus, 
in separate conditions, each word was paired with (1) its rule set 
abbreviation, (2) its popular abbreviation, and (3) its vowel deletion 
abbreviation. There were 30 subjects in each of these three conditions. 

5.2 Learning results 

Table IX shows the proportions and standard errors across words 
for each of the three groups. In each row each condition was signifi­
cantly different from every other condition. (The largest matched­
paired t probability of occurrence was less than 0.02. However, this 
probability value is uncorrected, i.e., it does not take into account the 
number of post comparisons.) Thus, the ordering of generation or 
recall performance was best for the simple vowel deletion rule, second 
best for the rule set condition, and worst for the popular abbreviations. 

Thus, the original results that rule-governed abbreviations were 
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Table VIII-Abbreviations generated for randomly selected two- and 
three-syllable words with and without prefixes 

Mean 
Median 
Standard error 

Mean 
Median 
Standard error 

Mean 
Median 
Standard error 

Mean 
Median 
Standard error 

Vowel 
Truncation Deletion Rule Set Popular 

0.425 
0.438 
0.028 

0.339 
0.312 
0.020 

Two-Syllable Words, No Prefix (N = 40) 
0.259 0.326 
0.250 0.312 
0.025 0.030 

Two-Syllable Words, Prefix (N = 40) 
Q231 0~22 
0.188 0.250 
0.024 0.023 

Three-Syllable Words, No Prefix (N = 40) 

0.411 
0.375 
0.021 

0.338 
0.312 
0.021 

0.483 0.109 0.308 0.406 
0.500 0.094 0.344 0.375 
0.029 0.012 0.037 0.024 

0.503 
0.500 
0.024 

Three-Syllable Words, Prefix (N = 40) 
0.089 0.192 
0.062 0.125 
0.012 0.029 

0.359 
0.312 
0.025 

better reproduced than abbreviations produced by consensus were 
strongly replicated. Note that a simple rule produced the best perform­
ance in this task. The vowel deletion rule appears to be a particularly 
easy rule for subjects to abstract. Thus, performance improved as the 
rules governing abbreviations became more straightforward. 

VI. EXPERIMENT IV: RECALLING THE SOURCE WORD GIVEN ITS 
ABBREVIATION 

6.1 Introduction 

One of the anecdotal observations frequently made about new com­
puter users is that they learn abbreviations for command terms with­
out ever learning what some of the abbreviations mean. In this sense, 
the abbreviations represent an alternate name space. There is usually 
some care given to the choice of names for commands, devices, pro­
grams, etc, the assumption being that the use of appropriate names 
tends to make learning easier (but see Landauer, GaIotti, and 
Hartwell\ where random words assigned to text-editing functions were 
no easier or harder to learn or use than appropriate names). However, 
this care is not usually taken in choosing abbreviations. Most people's 
goal is to choose abbreviations that are easy to remember, given that 
the user remembers the right name in the first place. In this experi­
ment we were interested in the decoding process: determining how 
well the abbreviations represented the words they abbreviated. 

There is evidence that the decoding and encoding (determining an 
abbreviation, given a source word) are asymmetric processes. In par-
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Table IX-Mean proportion of abbreviations recalled/produced 
correctly, given words 

Vowel 
Popular Rule Set Deletion 

Overall (200) 0.466 0.650 0.811 
Standard error 0.015 0.014 0.006 

I-syllable (40) 0.579 0.634 0.875 
Standard error 0.029 0.023 0.011 

2-syllable (80) 0.428 0.622 0.815 
Standard error 0.031 0.035 0.013 

3-syllable (80) 0.446 0.685 0.774 
Standard error 0.039 0.032 0.011 

ticular, rule-based abbreviation schemes are not as effective for decod­
ing purposes as for encoding purposes. With a well-formed rule it is 
possible to produce the abbreviation accurately when given the word, 
but the converse is not true. That is, knowing the abbreviation rule 
and the abbreviation does not necessarily allow one to generate the 
correct source word. 

Rogers and Moeller5 compared decoding of conventional Navy sonar 
abbreviations and rule-based abbreviations (produced by truncation). 
(The subjects in their experiments were sonar operators.) Reaction 
time to decode the abbreviation was measured. When the scoring 
criteria were strict, the rule-based abbreviations were worse than the 
conventional military abbreviations. The difference was due primarily 
to conventional abbreviations giving a better indication of the endings 
of words. 

Using two 20-word lexicons, Hirsh-Pasek, Niedelman, and 
Schneider6 examined decoding in a wide variety of conditions: trun­
cation to four letters, vowel deletion with truncation to four letters, 
minimum number of letters to distinguish, a phonics system, and user­
supplied abbreviations. Vowel deletion and the phonics system pro­
duced the fewest number of errors, whereas minimum to distinguish 
produced the most. Truncation was only slightly worse in terms of 
errors (perhaps not significantly) than vowel deletion and phonics. 

Ehrenreich and Porcu 7 compared decoding of abbreviations formed 
by vowel deletion and by truncation. There were no reliable differences 
between these two methods with liberal scoring procedures-65 per­
cent and 57 percent correct, respectively. With stricter scoring criteria, 
truncation abbreviations were easier to decode (54 percent) than vowel 
deletion abbreviations (48 percent). 

6.2 Method 

6.2.1 Subjects 

We paid 90 residents from the Holmdel area to participate. 
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6.2.2 Procedure 

We prepared cards using the 200 random English words used in 
Experiment III. One word and its abbreviation appeared on each card. 
There were three groups: one group learned popular abbreviations, 
another the rule set, and a third, the vowel deletion abbreviations. 
The procedure was the same as in previous experiments, except that 
after the 20-minute retention interval, subjects were given lists of 
abbreviations and asked to write down the word each represented. 

6.3 Results and discussion 

Table X compares the proportion of words recalled correctly in each 
of the three groups. Note that in Experiments II and III subjects 
recalled or produced abbreviations formed by the rule set more often 
than subjects who learned abbreviations arrived at by consensus. We 
attributed this improvement in performance to the fact that the 
existence of the rule lent some organization to the set of stimuli being 
learned. When we looked at ability to recall what the abbreviations 
represent, however, it appeared that the rule set seemed to interfere 
with subjects' ability to recall what the abbreviations stood for. Thus, 
there is an asymmetry between recalling the abbreviation from seeing 
the command term and recalling the command term from seeing its 
abbreviation. The superiority of the vowel deletion rule in this task is 
evident for all but the one-syllable words, and for this case the rule 
set is essentially a vowel deletion rule. 

These results are somewhat at odds with those of Ehrenreich and 
Porcu.7 First, in our experiment, the vowel deletion condition produced 
very high performance. Also, the overall level of performance was 
much higher in our study (79 percent here vs. 48 percent in the 
Ehrenreich and Porcu study). Ehrenreich and Porcu claim that when 
subjects produce words from vowel deletion abbreviations they are apt 

Table X-Mean proportion of words recalled/produced correctly, 
given abbreviations 

Vowel 
Popular Rule Set Deletion 

Overall (200) 0.626 0.467 0.788 
Standard error 0.022 0.024 0.018 

I-syllable (40) 0.662 0.635 0.641 
Standard error 0.046 0.050 0.052 

2-syllable (80) 0.628 0.500 0.799 
Standard error 0.037 0.038 0.027 

3-syllable (80) 0.605 0.350 0.850 
Standard error 0.035 0.034 0.024 
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to make spelling errors. People who misspell a word are more likely to 
err on a vowel than a consonant. Their terms were Army terms-ours 
random words; their subjects were Army personnel-ours primarily 
spouses of Bell Laboratories employees. These differences may have 
produced the resulting performance differences. 

It would seem that vowel deletion should have produced the best 
results, since consonants carry more information than vowels and the 
abbreviations in this condition were longer than in the other two 
conditions (vowel deletion = 4.43 letters, standard deviation = 1.13; 
rule condition = 3.38 letters, standard deviation = 0.62; popular = 
3.94 letters, standard deviation = 1.08). Thus, the results vary directly 
with the number of letters in the abbreviation alone. 

In summary, there was a large asymmetry between the encoding 
results for the popular and rule condition in Experiment III and the 
decoding results in Experiment IV. Rule abbreviations were better 
than popular for remembering the abbreviation given the word, 
whereas popular abbreviations were better than rules for remembering 
the word given the abbreviation. 

VII. GENERAL DISCUSSION 

While there is much variability in people's natural abbreviations, 
the process is far from random. People are most likely to abbreviate 
one-syllable words by deleting word-internal vowels, and multiword 
terms by deleting everything except the first letter of each word. 
Abbreviations of polysyllabic words are best characterized by trunca­
tion, that is, deleting letters from the end of the word. While these 
rules accounted for the majority of the most frequently generated 
abbreviations for each term, the proportion of all abbreviations covered 
by these rules was only about 0.30 in the two abbreviation production 
studies. Thus, there is much that people do when abbreviating that is 
idiosyncratic, variable, and not particularly amenable to rule-based 
descriptions. 

We showed that if abbreviations are formed by applying rules 
derived from people's behavior, subjects can use these principles. Thus, 
subjects make use of the internal consistency of the set to learn the 
abbreviations. Performance with a set of rule-based abbreviations was 
better than with the corresponding set of most frequently produced 
abbreviations even when the two abbreviations were identical in the 
two conditions. 

That people extract principles in complex stimuli is not a new 
finding. For instance Reber,8,9,l0 among others, has demonstrated that 
people's behavior when learning artificial languages in an experimental 
setting indicates that they have "learned" the grammatical rules of the 
language. However, very often they are unable to verbalize these rules 
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and seem unaware that they have extracted principles. It appears that 
rule formulation is often an automatic and unintentional process. 

Throughout, we have explicitly assumed that rules based on behavior 
are better than arbitrary rules for abbreviation. One could argue that 
our own data contradict this assumption. That is, the vowel deletion 
rule used in Experiments III and IV produced the best performance in 
two tasks-recalling the abbreviation given the word and conversely 
recalling the word given the abbreviation. Don't the data then argue 
that one should abbreviate using vowel deletion? Yes, if the abbrevi­
ation is used to recall the term, that is, a decoding task. However, the 
ability to construct a correct abbreviation, given the word, is only one 
aspect of a good abbreviation. Another aspect that "abbreviate" itself 
denotes is that it should be short. Abbreviations produced by vowel 
deletion increase in length as the length of the source word increases, 
whereas abbreviations that people spontaneously produce and the ones 
produced by the rule set better maintain length constancy [e.g., a one­
syllable word on the average is abbreviated to 3.4 letters in all condi­
tions, whereas a three-syllable word is abbreviated to 5.2 letters (vowel 
deletion), 4.3 letters (popular), and 3.3 letters (rule)]. Thus, in terms 
of total number of keystrokes, the simple vowel deletion rule is least 
efficient. 

A more serious failing for simple vowel deletion is that forming the 
abbreviation requires first producing the whole word, then systemati­
cally deleting the vowels, and finally outputting the remaining conso­
nants. We suspect that this is difficult for long words. When a word 
is short, the entire word can be dealt with as a "chunk." For a single 
chunk it is probably not difficult to remove a vowel or two. Beyond 
simple, short words, the amount of mental bookkeeping increases. If 
one's goal is to enter command strings quickly, vowel deletion is 
probably not a serious candidate. 

Truncation, on the other hand, has properties that make it the best 
abbreviation mechanism for polysyllabic words. Resulting abbrevia­
tions are short and easy to produce-the user does not need to pervert 
the assumed normal output strategies, just cut them short. It is a 
simple rule to teach5

-
7 and users are most likely to abbreviate multi­

syllabic words in this way. Thus, it seems to have most of the desirable 
properties of an ideal abbreviation mechanism-natural, short abbre­
viations, easy to remember abbreviations, and easy to produce abbre­
viations. The one thing that may be sacrificed is uniqueness. 

There have been suggestions on how to maintain uniqueness of 
abbreviations, which we now discuss. Many of the recommendations 
require the user to be flexible and relearn abbreviations from time to 
time, and some recommendations undermine the consistency of a rule­
based set. Ehrenreich and Porcu 7 discuss two ways to resolve conflicts 
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among abbreviations: (1) use of alternate rules and (2) minimum 
number of characters to distinguish. 

Using an alternate rule when conflicts exist has some serious prob­
lems. First, the user must know that there are two or more rules, and 
that one words most of the time, but when it doesn't, to use the 
alternate rules. Furthermore, the user has to know which one of the 
conflicting words requires which rule. The user doesn't know in 
advance when the primary rule will not work and, consequently, will 
probably have to learn by trial and error. When the number of 
exceptions to the primary rule is large, we suspect that the advantages 
gained by selecting abbreviations by rule will disappear. That is, the 
mixed rule set performance may approach or may even be worse than 
performance on abbreviations selected by consensus. However, the 
degree to which rule-based systems tolerate corruption warrants in­
vestigation. 

In the case of minimum to distinguish, the user truncates to the 
number of characters required to differentiate that word for all other 
admissible words. For example, for "transport" and "transfer," the 
minimum to distinguish is in each case six characters-"transp" and 
"transf." There are a few problems worth noting with respect to 
minimum to distinguish. First, different words require different num­
bers of letters. Hirsch-Pasek et al.8 have found in a paired-associates 
task that minimum to distinguish was more difficult to learn than the 
other abbreviation schemes they studied; truncation to four letters 
was the easiest. This may be only a relatively minor problem, which 
depends on the terms of the command set and the size of the lexicon. 
It could be dealt with by telling the user the minimum number of 
letters needed to distinguish all command names. However, a fixed 
minimum based on all commands will be unnecessarily long for many 
commands. The user could of course be told that fewer keystrokes 
will often suffice and learn the minimum to distinguish on a command­
by-command basis. The second potential shortcoming occurs when 
new commands that produce collisions are introduced into the lan­
guage. Truncations that worked previously are now ambiguous and 
require relearning. However, introducing software that informs the 
user of a conflict could solve these problems. If the input is ambiguous, 
the system could present the user with the collisions and ask the user 
to select one of the alternatives. 

One way to minimize the likelihood of collisions is to make contex­
tual information available to the system. For example, there may exist 
three words-"debug," "delete," and "define." If collisions were con­
sidered on the basis of the entire lexicon, three letters would be needed 
to differentiate these words. However, if "define" were a command 
while "debug" and "delete" were command options that occurred in 
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different environments, it could be the case that a "d" would suffice 
for either "debug" or "delete." Thus, if the command/option tables are 
structured hierarchically, such that a command points only to options 
meaningful in the context of that command, the potential range of 
conflicts is reduced from the entire command language to a small 
subset of the language. 

In summary, considering all available evidence on producing abbre­
viations given command terms (encoding), truncation appears to be 
the best single abbreviation scheme. Truncation also best captures 
people's natural abbreviations in all environments except two-mon­
osyllablic words and multiple-word terms. In these cases, we recom­
mend using vowel deletion for the former and acronym formation for 
the latter. If, on the other hand, one's task requires generating full 
names, given abbreviations (decoding), vowel deletion abbreviations 
are better than other rule-based schemes. 
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Difficulty finding and understanding information on public telephone in­
structions has led to problems using public telephones. To overcome these 
problems a new instruction card was designed. In this paper we discuss the 
information needs of the public telephone user, a conceptual solution to 
information presentation, a new standard instruction card design, and labo­
ratory and field evaluations of the new design. 

I. INTRODUCTION 

Many people have reported that placing a call from a public (pay) 
telephone is a problem. Individuals and consumer groups have com­
plained to their telephone companies and even their public utility 
commissions. A major reason for this problem is the difficulty of 
finding and using information on public telephone instruction cards. 
In this paper we describe a series of studies conducted to develop 
standard instructions for public telephones that are easier to use. 

1.1 The public telephone operating environment 

If all public telephones worked the same way, the task of designing 
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instructions would be easy. However, there is considerable variation 
in the operating procedures of public telephones in the Bell System. 
In addition, new public telephone services are being introduced or will 
be introduced soon. For example, at some public telephones the user 
must deposit coins equal to the cost of a local call before dialing any 
call (coin-first telephones). From the user's perspective, the coins work 
like a switch to turn on the telephone, and they are returned if no 
payment is required for the call. At other telephones no coins are 
needed to turn on the telephone, and a large class of calls, such as 
collect, credit card, emergency, and operator assistance, can be dialed 
without depositing any coins (dial-tone-first telephones). On some 
other telephones coins cannot be used at all (Charge-a-Call tele­
phones). At most telephones, coins are deposited before a local call is 
dialed, but at some telephones coins are deposited after the person at 
the other end answers (post-pay telephones). From some telephones 
you can dial long distance calls; from others the operator must dial for 
you. From some telephones you can dial in your credit card number; 
from others you must tell your credit card number to the operator. In 
some areas you must dial "I" before long distance station-to-station 
calls; others require no prefix. Furthermore, there are many variations 
in the numbers for emergency help, directory assistance, and repair 
service. 

Because of these variations, no single instruction card can be used 
for all public telephones. More importantly, because of these varia­
tions, even the most experienced public telephone users must some­
times consult the instructions to place a call correctly. 

1.2 The need for standard instructions 

Prior to the standard developed from these studies, there was no 
standard for instruction card design in the Bell System. Various 
operating telephone companies have used different layouts, word 
choices, and color schemes to convey the same information. There are 
also variations within single telephone companies on the format and 
type of information included. Generally, telephones that operate dif­
ferently, if only in minor respects, have instructions that vary in many 
ways that have nothing to do with operational differences. For exam­
ple, instructions on how to place a long distance call may be different 
on a telephone where the initial deposit is 10 cents than on one where 
a 20-cent deposit is required, even though the dialing procedures are 
identical. There are also tremendous differences in the emphasis 
(location, color, and type size) placed on particular pieces of informa­
tion. Finally, information is often provided in "telephonese." 

The problem for users is not that all instruction cards are poorly 
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designed. While instruction cards in some locations may be particu-
1arly difficult to read and understand, the biggest problem for users is 
the inconsistency of design. 

The use of a standard instruction card design for all public tele­
phones should significantly reduce the problems of finding and under­
standing needed information. While identical instructions cannot be 
placed on all telephones because of differences in operating procedures, 
consistent language, graphics, and placement of information can be 
used. The information provided on the standard instruction card 
should match the information needs of the user. The instructions must 
be understandable, and the design should be attractive. A good design 
will help users; and, given a good design, a greater benefit for users 
will come from the universal application of this design. 

1.3 Approach to the problem 

The new instruction card design and the studies that supported the 
development of that design are described in the sections that follow. 
First, we studied public telephone users to identify their information 
needs, how they used instructions, and the telephone terminology they 
used and understood. Based on this information we formed a model 
of the instruction user. Second, we developed a conceptual solution to 
the problem. Third, we presented this solution (along with detailed 
information about public telephone operating procedures) to graphic 
designers at Henry Dreyfuss Associates, who created designs for the 
instruction cards. Fourth, we evaluated and refined the designs in 
several phases. First we used our own and the designer's judgment, 
and then conducted a laboratory test, and, finally, a field test. During 
all phases of the project we consulted with the AT&T Public Services 
Marketing organization. 

II. THE INFORMATION USER 

Before any attempts were made to design new instruction cards, we 
analyzed the information needs of the public telephone user. 

2.1 Interview study 

A total of 500 users were interviewed in Arizona, Florida, and New 
Jersey. The individuals interviewed were approached following the 
completion of a call from a public telephone. They were asked to 
participate in a study of public telephone service. The individuals who 
agreed to participate were asked a series of questions about instruction 
use, such as: "Did you read the instruction card?" "Did you look at 
the instruction card?" "What information did you need?" "Did you 
find the information you needed?" They also were asked if they had 
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any difficulty finding or understanding information, and were asked 
to define several telephone terms, such as "collect call" and "dial­
tone-first telephone." 

Few of the people interviewed (about 10 percent) reported that they 
read the instruction cards. These individuals looked for procedural 
information necessary to place a specific call. This information in­
cluded the cost of the initial deposit, when to deposit money, how to 
dial local calls and various types of long distance calls, and specific 
numbers, such as directory assistance or repair service. 

Some respondents reported that they were unable to find informa­
tion that they needed on the cards. In almost all of these cases, the 
individual was looking for more specific information than could ever 
be placed on the instruction card, such as the area code for Los 
Angeles, or the cost of a particular long distance call, or the telephone 
number of the local veterinarian. 

Our interviews showed that people generally approach the instruc­
tions with particular questions in mind, and that the questions have 
two general forms. The first form is one in which a specific fact or 
procedure is needed. Examples are "How much does a local call cost?" 
or "How do I place a collect call?" The second form of question is 
asked by the more sophisticated telephone user who is already familiar 
with alternative operating procedures. This user might ask, "I know 
there are two kinds of telephones, one where I can dial long distance 
calls myself, and one where the operator dials all long distance calls; 
which type of telephone is this one?" 

A few people look at the instructions without needing any specific 
information. These users may also be characterized, however, as 
having a question in mind before reading (looking at) the instructions, 
which can be phrased as, "Is there anything (new) here that I need to 
know about?" 

Interview questions about terminology showed that telephone users 
generally understand terms referring to types of calls, such as collect, 
credit card, person-to-person, and station-to-station. However, lan­
guage on instruction cards referring to the type of telephone, such as 
"dial-tone-first" telephone, was not understood. 

III. THE CONCEPTUAL SOLUTION 

Most people do not read instructions on telephones; in fact, there 
are few circumstances in which anyone reads any instructions at all. 
(See Ref. 1 for a discussion of this issue.) Our goal was not to induce 
more people to read the instructions, but rather to make the instruc­
tions easier and more effective when they were read. 

Our conceptual solution to instruction card design had several 
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components to simplify searching and understanding. The design 
should: 

1. Provide the information that people need in words they under­
stand. 

2. Always place information about a particular aspect of a tele­
phone's operating procedure in the same spatial location on the card. 
The card is thus like a form, with fields for each type of information. 
If there is no relevant information to be placed in the field, it should 
be left blank and not used for some other information. 

3. Place frequently needed information on the upper card and 
detailed procedural information on the lower card. 

4. Divide detailed information into related categories. Use the cat­
egory labels to construct an index. 

5. Provide visually obvious cues that are redundant with the text, 
e.g., colors, pictograms, and other symbols. This information should 
be visible at a glance and allow knowledgeable telephone users to 
answer the question "What type of telephone is this?" without reading 
the text. By systematically varying the visual characteristics of the 
instruction cards, telephones that have different operating procedures 
will have instructions that look different. Instruction cards on all 
telephones that operate the same way will look the same. Thus, 
information obtained at a glance can be informative. If the card 
"looks" different from cards the user is familiar with, then the instruc­
tions should be read. 

6. As a final goal provide as much information as possible in a 
language-independent form to make the cards more usable by people 
who either do not read English or do so with difficulty. 

IV. THE NEW STANDARD DESIGN 

Figures 1 to 3 show examples of the new instruction cards, designed 
according to the principles described in the section above, and revised 
based on the results of the study described in the following sections. 
(Space constraints prohibit illustration of the cards through all the 
design iterations.) Figure 1 is an instruction card for a telephone that 
requires a coin deposit before any calls can be dialed, and from which 
operator assistance is required for all long distance calls. Figure 2 is 
for a telephone from which credit card, collect, emergency, and other 
"free" calls can be made without depositing any coins; long distance 
calls can be dialed by the caller. Figure 3 shows an instruction card 
from a "Charge-a-Call" telephone, from which no coin-paid calls can 
be made. 

4.1 Design features 

The instructions shown in Figs. 1 through 3 are for telephones that 
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m Coin 1 .• 2. (r._ needed for III 
all calls l 

Local calls Deposit 10¢ before dialing 
Long Distance Dial 0 

Operator will handle all Long Distance calls 

50S dial 0 for Emergency help 

Charge and Credit Card, Collect 

KEENE. N H -EXP 5 

Person-to-Person & Person-to-Person calls ...... Operator 

Station-to-Station calls Local numbers beginning with: 
239,242,352,363,399,446, 
563,585,756,827,835,847, 
876 ........................ Number 
All other numbers ............ Operator 

Free calls Directory Assistance ......... Operator 
Toll Free 800 Numbers ....... Operator 

AREA TYPE 2EXP -5 Operator assisted rates apply to all toll calls from this telephone. 

Fig. 1-Instruction card set for a telephone that requires a coin deposit before any 
call can be dialed, and from which the operator dials all long distance calls. Colored 
areas are tan. 

differ considerably in operation; however, the common organization 
of the instructions is easily observed. Differences in visual appearance 
are also readily apparent. The features of the design are listed below: 

1. Color: All instructions are printed on a white background; de­
tailed instructions are in black type and emergency information is in 
red. Other colored sections-including the band across the top of the 
upper card, the "0+" and "1+" symbols, index headings and rules on 
the lower card-are color coded based on the basic operational proce­
dure of the telephone. Telephones that require a coin deposit before 
any call can be dialed (coin-first) have tan instruction card coloring; 
telephones that do not require a coin for initial activation (dial-tone­
first, including post-pay and Charge-a-Call) have blue instruction card 
coloring. 

2. Upper-left symbols: Coin-first telephones have a white handset 
in a tan disk (coin); dial-tone-first telephones have a blue handset on 
a white background. The handset on the Charge-a-Call telephone has 
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~IINocOinneeded 1_(1_2_.-
:t for Charge, - 111-; 

SOS & Free calls. I, 
Local calls Deposit 20<1: before dialing 
Long Distance Dial all calls directly 
~ needed for Charge & Person-ta-Person calls 
IRm needed for Station-ta-Station and Free calls 

50S dial 0 for Emergency help 
SOS marque 0 para Emergencia TSPS/DTF UPPER-EXP -11 

Charge and Credit Card, Collect & Person-to-Person 
Person·to-Person calls Within this Area Code ......... ~ Number 

Outside this Area Code ...... , ~Area Code + Number 

Station-ta-Station calls Within this Area Code .... _ .... IGI Number 
Outside this Area Code ........ ~ Area Code + Number 

Free calls Directory Assistance 
Local .............. _ ........ 411 
Within this Area Code ......... ~ 555-1212 
Outside this Area Code ........ IR:J Area Code + 555-1212 
Repair Service ............... 611 
Toll Free 800 Numbers ........ 1:5GI 800 + Number 

TSPS/DTF STERLING LOWEREXP -11 Operator assisted rates apply to all toll calls from this telephone. 

Fig. 2-Instruction card set for a telephone from which credit card, collect, emergency, 
and other "free" calls can be made without depositing any coins, and from which long 
distance calls can be dailed by the caller. 

a broken horizontal stripe, representing credit card and speed. The 
functional meaning of these symbols is explained in the text immedi­
ately to the right of the symbol. 

3. Dial tone/deposit sequence pictograms: The pictograms in the 
upper right corner illustrate the sequence for listening for dial tone 
(depicted as a handset with waveform) and coin deposit. Numbers, as 
well as spatial position, show the sequence. The post-pay instruction 
card (not shown) has the additional modifier "Deposit only after 
answer" between the handset and the coin deposit. The disk repre­
senting the coin also contains the initial deposit rate (cost of a local 
call). 

4. Summary instructions: Summary instructions for placing local 
and long distance calls are located directly below the colored band (for 
the two-card design). In the long distance case, these instructions are 
intended to be sufficient for the knowledgeable user to identify the 
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~ 
Charge, SOS No coin 

~ & Free calls calls. 
, only. 
Outgoing calls only 

Charge calls Credit Card & Collect 
Within this Area Code ......... ~ Number 
Outside this Area Code ........ ~AreaCode + Number 
Operator assisted rates apply to all calls 

Free calls Directory Assistance 
Local (Queens) .............. 411 
Within this Area Code ......... 555-1212 
Outside this Area Code ....... Area Code + 555-1212 
Repair Service .............. 526-9942 
Toll Free 800 Numbers ....... 800 + Number 
50S dial 911 for Emergency hel p 

CAe EXP 14 

Fig. 3-Instruction card from a "Charge-a-Call" telephone. 

general procedure. The "0+" and "1 +" represent the prefixes required 
before dialing certain types of calls, when needed. The colored word 
"Operator" indicates that long distance calls cannot be dialed by the 
caller. Experienced users should be able to recognize the symbols at a 
glance, and identify the procedure without reading the instructions. 

5. Emergency: "SOS" is the internationally recognized emergency 
symbol, and it is used to identify the number to dial for emergency 
assistance. Its red color makes it very salient. The use of a unique 
identifying color makes possible useful public relations messages in 
non-English-speaking communities. For example, the Chinese press 
in New York could carry a message stating (in Chinese) "If you need 
emergency help, dial the red number." Where dual language instruc­
tions are required by regulation, the SOS instruction can be repeated 
in the second language. Where separate numbers for fire, police, and 
ambulance are required, the SOS is supplemented with specific sym­
bols (flames, a shield, and a cross) paired with each number. 

6. Local instructions: The space directly under the dial tone/deposit 
symbols is reserved for locally varying instructions. Operating com­
panies may use this space for special instructions or to publicize a new 
service. 

7. Lower card: Specific dialing instructions and service numbers are 
listed on the lower instruction card. The major sections are divided by 
a colored rule, and each section has an index heading to simplify 
searching. 

4.2 Preliminary design differences 

The instructions shown in Figs. 1 to 3 differ in several respects from 
the instructions used in the laboratory evaluation. Changes were made 
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based on the findings of that study, as we discuss in Section V. Briefly, 
the earlier designs differed from the new designs as follows: (1) There 
was no summary instruction for local calls; (2) the word "Operator" 
was not in color on the upper card for operator-dialed long distance 
calls; (3) all operator-dialed calls were combined into a category called 
"All other calls" on the lower instruction card; and (4) the local 
directory assistance number was listed in the same line as the heading 
"Directory Assistance" when that number was different from the 
"Within this area code" number. In addition, the handset with dial­
tone pictogram and Charge-a-Call symbol were modified between the 
laboratory test phase and the field test. 

V. LABORATORY EVALUATION 

5.1 Study goals 

The instruction cards were designed to satisfy two major goals. First, 
users should be able to search successfully and efficiently for the 
information they need. Second, knowledgeable users should be able to 
tell at a glance what services and procedures are available on a given 
telephone. The major purpose of the laboratory evaluation was to 
determine whether these design goals were met. We used an informa­
tion search task to assess the new designs and identify needed im­
provements. The following questions were addressed: 

1. Could users find the answers to questions about telephone oper­
ation? 

2. Did users understand the information provided? 
3. Were users able to find information quickly after some experience 

using standard instructions? 
4. Did users understand the symbols and pictograms used on the 

instructions? 
5. Did users infer the meaning of the redundant visual codes (e.g., 

color) that would allow them to get information at a glance? 
In addition, several different formats were evaluated. 

5.2 Method 

5.2.1 Materials 

Three formats for the upper instruction card and two formats for 
the lower card were used. The same content and design elements 
described in the preceding section were used in each format. The only 
differences between the formats were in the arrangement of the 
information. The formats of the three upper cards were: 

1. Horizontal: the design illustrated in Figs. 1 through 3. 
2. Two-panel: the information contained in the stripe on the hori­

zontal design was placed in a square patch on the left third of the 
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card; the other information was listed on the remaining two thirds of 
the card. 

3. Three-panel: the left third was the same as in the two-panel 
design; the remaining space was divided into two equal sections by a 
blue or tan vertical bar. The center section contained long distance 
dialing and local information, and the right-hand section contained 
emergency information. 

The formats of the two lower cards were: 
1. Ruled: illustrated in Figs. 1 through 3. 
2. Unruled: the colored lines separating categories were removed, 

the colored headings were placed directly above the listings for that 
category, and the listings were centered on the card. 

Instructions for eight different telephones were created. The oper­
ating procedures and available services varied on the eight telephones. 
Three of the telephones had coin-first service, two had dial-tone-first, 
one had dial-tone-firstjpost-pay, and two had Charge-a-Call. Other 
operating differences, such as initial deposit rate, long distance dialing 
procedures, emergency numbers, directory assistance numbers (local 
and long distance), and repair numbers were systematically varied 
across the eight telephones. Only combinations of services and pro­
cedures that actually exist in the operating telephone environment 
were used. A set of instruction cards was constructed in each of the 
formats described above for each of the eight telephones. (For this 
study, upper and lower housing cards were designed for Charge-a­
Call.) 

5.2.2 Experimental groups 

Seventy-two people (six groups of 12) participated in the study. Six 
conditions were formed by combining each set of upper instruction 
cards with each set of lower cards. Each group of participants saw 
cards from only one condition. 

5.2.3 Participants 

Participants were recruited from the Holmdel, New Jersey, vicinity. 
The 67 female and five male participants had a median age of 34 years, 
and a median education of one year of college. They were paid to 
participate. 

5.2.4 Procedure 

An information search task was used. Participants in the study were 
asked to answer many questions about the operating procedures of 
telephones, based on information obtained from the instructions. 
Errors in responding to questions indicated that information was not 
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found or understood. Response times to questions were measured to 
assess the efficiency of information search. 

After the series of main questions were answered, participants were 
asked to answer a second set of questions. The instruction cards shown 
in this series had all text removed. Thus, the second set of questions 
measured incidental learning of the meaning of colors, symbols, and 
pictograms that occurred in the first part of the experiment. Finally, 
participants were asked to complete a questionnaire about overall ease 
of use and appearance of the instructions, as well as further questions 
about the colors, symbols, and pictograms. 

The participants sat at a table that contained a response panel and 
a 50-cm -square rear projection screen. The viewing distance was two 
feet, approximately the viewing distance when reading instructions on 
a public telephone. The response panel contained four buttons, labeled 
"Ready," "Yes," "No," and "Don't Know." Participants were in­
structed to place their index fingers on the "Yes" and "No" buttons, 
and a thumb on "Ready." They were told to imagine that they were 
traveling, and that they would need to make numerous telephone calls 
from public telephones. Since telephones have different operating 
procedures, they would need to use the instructions on the telephones 
to answer questions before placing the calls. 

Each trial began with the presentation of a slide containing a 
question, such as "Does a local call cost 20 cents?" The participants 
were told to study the question until they understood and remembered 
it, and then push the "Ready" button. Pushing the button started a 
sequence that turned off the question slide, and turned on a slide 
containing a picture of a telephone with instruction cards on it. The 
pictured telephone and instruction cards were shown at actual size. 
Participants were told to look for the answer to the question they had 
just seen on the instructions, and answer either "Yes" or "No." They 
were told that all answers were available in the instructions, but if 
they could not find it to answer "Don't Know." 

The experiment was run under computer control; responses and 
response times were recorded. Response times were measured in 
milliseconds from the time the picture appeared on the screen until 
the response button was pressed. There were 96 trials separated by a 
2-second intertrial interval, with a I-minute break between blocks of 
24 trials. 

5.2.5 Structure of the question series 

The questions came from eleven categories: cost of local calls, dial 
tone/deposit sequence, types of calls that require coin deposit, emer­
gency numbers, long distance calls, calls requiring a "I" prefix, dialing 
of credit card numbers, possibility of coin use, directory assistance 
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numbers, repair service numbers, and the address of the telephone 
(provided on the experimental instruction cards). The 96 trial series 
contained eight questions from each category except emergency num­
bers and dial tone/deposit sequence, from which there were 12 ques­
tions. For half of the questions the correct answer was "Yes." Ques­
tions from each category were paired with each of the eight telephones, 
except where inappropriate (e.g., no questions about the dial tone/ 
deposit sequence were asked about Charge-a-Call telephones). Ques­
tion order and left-right position of the "Yes" and "No" buttons were 
counterbalanced. 

Following the 96 questions, 16 questions were presented using the 
cards with text removed. Participants were told to try to figure out 
the answers based on the information remaining. Questions were from 
four categories, emergency numbers, types of calls requiring coin 
deposit, long distance dialing, and possibility of coin use. 

5.3 Results 

5.3.1 Main question series 

Mean response times were computed for each question category 
within each trial block (24 questions). An analysis of variance was 
done on these mean response times. Factors in the analysis were 
Upper Card Format, Lower Card Format, Trial Block, and Question 
Category. 

No statistically significant (p < 0.05) differences in response times 
were observed between formats. The main effect of Trial Block was 
statistically significant (p < 0.001). Mean response times for trial 
blocks 1, 2, 3, and 4 were 13.4, 7.9, 6.3, and 5.8 seconds, respectively. 
Post hoc comparisons of the means showed that block 1 > block 2 = 
block 3 = block 4. Thus, participants responded more quickly to later 
questions, which indicates that they could find information more 
quickly once they had some experience using the cards. 

The main effect of Question Category and the Question Category 
by Trial Block interaction were also statistically significant (p < 
0.001). Mean response times differed widely across the different ques­
tion categories. Slow response times, especially later in the question 
series, are an indication that users may be having difficulty finding or 
understanding information. In trial blocks 2 through 4, mean response 
times were relatively short (less than 6 seconds) for emergency num­
bers, possibility of coin use, repair numbers, cost of local call, and 
address; response times were slower (8 to 11 seconds) for "I" prefix 
for long distance, calls requiring coins, long distance dialing, dial tone/ 
deposit sequence, directory assistance, and availability of credit card 
number dialing. Possible sources of difficulty will be discussed below. 

The total number of errors in each trial block and in each question 
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category was computed for every subject. Both incorrect and "Don't 
Know" responses were counted as errors. The overall error percentage 
was 11.4 percent. 

An Upper Card Format by Lower Card Format by Trial Block 
analysis of variance was done on the error data. Only the main effect 
of Trial Block was statistically significant. There were more errors in 
the first trial block (15.4 percent) than in the last three trial blocks 
(9.8 percent). The decrease shows the same facilitative effect of expe­
rience that was seen in the response time data. 

An Upper Card Format by Lower Card Format by Question Category 
analysis of variance again showed only the main effect of Question 
Category statistically significant (p < 0.001). The pattern of errors is 
similar to the pattern of response times. The correlation between 
mean error rates and mean response times in the 11 categories was 
high, r = 0.77. High error rates are also an indication that users are 
having difficulty finding or understanding information on the instruc­
tion cards. 

5.3.2 Incidental learning question series 

The instruction cards used in this question series contained only 
the information that appears in color on the instruction cards. The 
purpose of this question series was to determine whether subjects had 
learned the meaning of this information during the main question 
series. All of the questions could be answered with the information 
available. 

The total number of errors and mean response times were computed 
for each of the four question categories for every subject. An Upper 
Card Format by Lower Card Format by Question Category analysis of 
variance was done on the error data and on the response time data. In 
both analyses only the main effect of Question Category reached 
statistical significance. No differences between card formats were 
observed. 

The questions on long distance calling ("Can you dial your own long 
distance calls?" or "Does the operator dial all long distance calls?") 
caused the most difficulty. The percentage of errors (58 percent) does 
not differ from the performance expected from guessing. The long 
distance category also elicited the highest percentage of "Don't Know" 
responses (7 percent). Clearly, the participants did not learn that the 
presence of the "0+" and sometimes "1+" symbols on the upper card 
indicated that long distance calls could be dialed, and that the absence 
of "0+" meant that the operator dials all long distance calls. 

Performance on the other question categories was substantially 
better than what would be obtained by guessing, showing that some 
incidental learning had occurred. However, questions on the types of 
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calls that required coin deposit did have a fairly high (15 percent) 
error rate. The answers to these questions could be inferred from 
either the color of the card (blue or tan) or from the dial tone/deposit 
sequence. 

The "SOS" emergency symbol was well understood. Responses were 
fast and few errors were made. 

5.3.3 Questionnaire results 

The questionnaire contained four rating-scale items. The instruc­
tions were rated on the ease of finding needed information, the ease 
of understanding the words in the instructions, the overall ease of 
understanding the instructions, and the attractiveness of the instruc­
tions. The responses were scored from 0 to 5, where 5 was the most 
positive response. An Upper Card Format by Lower Card Format 
analysis of variance was done on the ratings for each item. No 
statistically significant differences between formats were found for 
any item. Overall, participants rated the ease of finding needed infor­
mation between "somewhat easy" and "easy" (mean rating 3.6), the 
ease of understanding words between "easy" and "very easy" (4.3), 
the overall ease of understanding between "somewhat easy" and 
"easy" (3.7), and the attractiveness between "somewhat attractive" 
and "attractive" (3.6). 

When asked if any information seemed to be missing from the 
instructions, the majority of participants responded negatively (67 
percent). Of the people responding affirmatively, most of the com­
ments were about the lack of information on placing local calls or 
about the dial tone/deposit sequence. A few general comments were 
made, such as "Instructions too wordy," or "Instructions not detailed 
enough." Similarly, the majority of participants did not report any 
specific problems understanding the instructions in response to an 
open-ended probe. The problems that were reported were also about 
the lack of information on local calls, and confusion about when to 
deposit coins. In addition, some people were confused about the "0+" 
and "1+" symbols. 

The majority of participants gave no suggestions for improving the 
instructions. Some general suggestions were made, such as "Make the 
instructions simpler," or "Make the instructions easier to under­
stand." A few participants commented on the small size of the print. 
Most suggestions, however, concerned the variety of procedures de­
scribed on the instructions. The most frequent comment was "Make 
the instructions the same on all telephones." The nature of the 
comments made by these participants implied that some thought the 
operating procedures were determined by the instructions, rather than 
the reverse. 
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In the last section of the questionnaire the participants were asked 
to explain the meaning of the colors and symbols. Most of the partic­
ipants did not learn the meaning of the blue and tan colors but did 
learn the meaning of the Charge-a-Call symbol. Ninety-six percent of 
the participants correctly explained the meaning of "SOS," and most 
of these recalled that the "SOS" symbol was red. 

The "0+" and "1+" on the upper instruction card were generally 
explained as "Dial 0 (1) and then the number." However, a third of 
the participants said that "0+" meant "Dial the operator" or "Oper­
ator dials long distance." A number of the participants who said that 
"1 +" was for direct-dialed long distance also stated that "0+" was for 
operator-dialed long distance. Certainly these participants had not 
learned the distinction between 0+ and 1+ dialing. 

The symbol sequence for the dial tone/dial/deposit coin sequence 
was confusing in some cases. The symbol sequence for coin-first 
operation was understood by 79 percent of the participants. In con­
trast, there was some confusion about the meaning of the dial-tone­
first symbols. Fifty-four percent of the respondents correctly answered 
either "Dial tone first" or "No coins needed for dial tone." However, 
a third of the participants confused the typical dial-tone-first case 
(deposit coins before dialing local calls) with the post-pay procedure. 
This pattern of responses is consistent with the general confusion over 
the dial tone/coin deposit/dialing procedures observed in the experi­
ment. 

5.4 Discussion of problems and recommendations for improvement 

The major findings in this study relate to the content of the 
instructions, not the formats. 

The highest overall error rate in the main question series occurred 
on questions about directory assistance numbers. There were two 
major sources of difficulty. First, the listing for local directory assist­
ance appeared in the same line as the heading, and was hard to find. 
Since no separate listing for "Local" was made on some of the 
instructions, the participants tended to infer that the number for 
"Within this Area Code" was always the local number. This problem 
was subsequently remedied by adding a separate line for "Local" on 
the lower instruction card. The other confusion has no obvious solu­
tion. The participants expressed confusion over the need for separate 
listings for "Local" and "Within this Area Code." The confusion may 
stem in part from the fact that all participants were from New Jersey, 
where only a single number is used for directory assistance within an 
area code. 

The dial tone/deposit sequence questions contained two subsets of 
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questions. One subset contained questions about the temporal se­
quence of hearing the dial tone and depositing a coin, the other about 
the temporal sequence of depositing a coin and dialing a call. The 
problems occurred in the latter subset. Forty-eight percent of the 
participants responded that coins were deposited after answer for the 
typical (pre-pay) dial-tone-first case. Some people appeared to equate 
the pre-pay and post-pay dial-tone-first telephones. The post-pay 
telephone is uncommon (except in a few areas outside of New Jersey), 
so participants may have been confused about the two types of tele­
phones. The cards tested in this experiment contained no written 
instructions on how to place local calls. Based on the difficulty seen 
in this area, some statement about when to deposit coins on local calls 
appeared warranted. 

The same confusion appeared to affect the results in the category 
of calls requiring coin deposit. Most of the errors occurred on the 
question "Do you need to deposit any coins to make a local call?" 
Thirty-eight percent said "No." The additional written instruction 
described above should also help this problem. 

The questions about long distance calling can also be divided into 
two subsets, one about whether customers can dial their own long 
distance calls, and the other about the specific digits to dial for long 
distance calls. Most errors occurred in the latter category, on tele­
phones from which long distance calls were dialed by the operator. 
These instructions had no specific instructions for long distance on 
the lower card, just a listing for "All other calls" (Dial the Operator). 
Some improvement should be obtained if these instructions contained 
all categories, even though the instruction in every case is "Dial the 
Operator." 

On the incidental learning question series, participants were asked 
whether long distance calls could be dialed. The answers to these 
questions had to be inferred from the "0+" and "1+" symbols. If these 
symbols were present, then long distance calls could be dialed; the 
absence of a symbol implied that the operator dialed the calls. The 
problem may have occurred because this upper card information was 
never used in the main question series. However, the problem may 
have occurred because of the lack of a positive indicator for operator­
dialed long distance. The subsequent addition of such a cue should 
make the information on the upper card clearer. 

Errors were made on 19 percent of the questions about the need for 
a 1 prefix on direct-dialed station-to-station long distance calls. These 
errors are hard to interpret since the prefix is not used in New Jersey. 
The other category that caused some confusion was about customer­
dialed credit card numbers. As in the case of the 1 prefix, this 
information was explicitly stated on the lower instruction card when 
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appropriate; however, the new procedure was not familiar to New 
Jersey residents. 

In summary, the improvements recommended were: 
1. Add a separate line for "Local" directory assistance. 
2. Add a written instruction on when to deposit coins for local calls 

on the upper card; the heading should be "Local calls" and be placed 
above "Long distance calls." 

3. Add a symbol for "Operator dialed long distance" to contrast 
with the "0+" and "1+" symbols in the long distance section of the 
upper card. 

4. Remove the heading "All other calls" from the lower card and 
replace it with the same headings used on the other cards "Charge 
and Person-to-person calls" and "Station-to-station calls." 

These changes were incorporated into the instructions used in the 
subsequent field evaluation. The choice of format (horizontal and 
ruled) used in the final design was made by AT&T Public Services 
Marketing and the designer. 

VI. FIELD EVALUATION 

The major purpose of the field study was to assure that the instruc­
tion card design, modified based on laboratory results, was acceptable 
to telephone users, and that telephone users could use the instructions 
to find needed information. Because the overall success of the new 
instructions depends on the use of standard instructions throughout 
the Bell System, we could not expect to show all the advantages of the 
new instructions. 

6. 1 Field trial sites 

The field trial of the proposed standard instruction cards was 
conducted in Illinois Bell Telephone (lBT) Company and New York 
Telephone (NYT) Company at three sites in each company: a major 
city airport, a large suburban shopping center, and a small, self­
contained city. The sites were selected so that a variety of public 
telephone users would be exposed to the trial instructions: travelers, 
local residents, local callers, long distance callers, credit card callers, 
etc. In addition, a second shopping center was selected in each com­
pany. The new cards were not installed at the second shopping center. 

A broad range of services and procedures was available at these 
sites. Among the variations in operating procedures were telephones 
requiring an initial deposit for all calls, telephones requiring a deposit 
only for coin-paid calls, and Charge-a-Call telephones. At some loca­
tions callers could dial their own long distance calls, at others operator 
assistance was required. At some locations a "I" prefix was required 
on calls to other area codes; on others it was not required. 
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6.2 Instruction card content 

The information on the trial cards was the same as the information 
on the instructions they replaced, although some changes were made 
to conform to the new standards. The changes mainly involved the 
removal of specific place names. For example, on the existing instruc­
tions at Roosevelt Field shopping center in NYT, long distance dialing 
instructions were given for "Nassau and Suffolk" and "All other 
places." These specific names were replaced by the general, but equiv­
alent, instructions for "Within this Area Code" and "Outside this 
Area Code." 

6.3 Interview study 

Interviews were conducted at selected public telephones in Decem­
ber 1979 (three months after card installation in New York, two 
months after installation in Illinois). People who hadjust used a public 
telephone were interviewed face-to-face by professional interviewers. 
The interviewer asked a series of questions about the call just made 
and the use of the instructions, then showed instruction cards identical 
to the ones on the telephone just used and asked a series of questions 
about how to place various types of calls. The interviews addressed 
the following areas: 

-Did people look at the cards? 
- What information was needed? 
- Was the information easy to find? 
- Was the information easy to understand? 
-Could people find and report dialing instructions correctly for 

various types of calls? 
- What was the overall judgment of the appearance of the card? 
-Could people understand the pictograms used on the cards? 
-Did people understand the meaning of "SOS?" 

A total of 650 interviews were conducted at trial locations, 100 at 
each of the trial sites, plus an additional 50 interviews at Charge-a­
Call telephones at O'Hare International airport. Two hundred addi­
tional interviews were conducted at the two shopping centers where 
the original instruction cards had been left in place. The locations 
provided a comparison of telephone users' acceptance of and problems 
using the trial cards. Since the advantage of the new cards depends 
upon their use in all locations, and since the old cards were familiar 
to the users, this comparison is not intended to be the proof that the 
new cards are better. 

6.4 Interview results 

For the following discussion, the normal approximation to the 
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difference between two observed and independent proportions was 
used to test the significance of the differences between results from 
the trial and non trial shopping centers. 

Less than 25 percent of the people interviewed reported looking at 
or reading the instructions cards at any location except at the Charge­
a-Call telephones, where 63 percent of those interviewed reported 
reading the instructions. Charge-a-Call telephones look different from 
regular coin telephones; 88 percent of the Charge-a-Call users who 
read the instructions reported doing so to find out how to use the 
telephone, or because the telephone looked new or different. No 
significant differences were found between the number of interviewees 
who looked at or read the instructions at the trial and nontrial 
shopping centers. 

The people interviewed reported needing a variety of types of 
information. The types of information requested were: how to use the 
telephone; how much money to deposit; how to make collect, credit 
card, or person-to-person calls; how to dial long distance; and what 
numbers to dial for service calls. Ninety percent of those interviewed 
who reported reading the instructions said that the information they 
needed was easy to find; 94 percent reported that the information was 
easy to understand. No significant differences were found between the 
trial and nontrial shopping centers. 

Interviewees were asked to use a set of instructions cards identical 
to the cards on the telephone they had just used to find and report 
dialing instructions for the following types of calls: police emergency, 
local directory assistance, collect, and coin-paid station-to-station long 
distance calls. In all cases, most of those interviewed were able to 
correctly report the dialing procedures. Most of the errors occurred 
when the interviewee reported a dialing procedure that would be 
correct in other settings, for example, reporting "911" as the police 
emergency number at a location where "0" was the correct response. 
This type of error was made in both trial and nontrial locations. No 
significant problems in finding or understanding dialing instructions 
were identified with the new instructions. The interviewees had no 
trouble in finding the emergency information associated with the 
"SOS" symbol. 

Pictograms were used on the upper instruction card to represent the 
dial tone/deposit sequence. The numerals "1." and "2." were used to 
indicate the sequence.* A coin-like disk indicated both the action of 
depositing and the amount of the local call deposit. A handset with an 

* A separate study conducted by M. L. Viets reported that sequential steps should be 
indicated by numbers followed by a dot. Omitting the dot led people to interpret 1 and 
2 as magnitudes rather than as ordinal steps in a sequence. 
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expanding waveform indicated the concept "listen for dial tone." 
Overall, a high percentage of interviewees (88 percent) were able to 
provide a correct or partially correct meaning for the dial tone/deposit 
pictograms. Thirty-nine percent gave correct responses that included 
the correct meaning of both pictograms and the correct action se­
quence. The remainder gave responses that included correct meanings 
for some of the elements. 

Interviewees were asked to rate the overall appearance of the in­
struction cards on a six-point scale ranging from very attractive (a 
rating of 1) to very unattractive (a rating of 6). Overall, the trial cards 
were rated attractive; the median response was 2 at all locations except 
the New York shopping center, where the median response was 3 
(somewhat attractive). The median rating of the cards at the Illinois 
nontriallocation was 3; at the New York nontriallocation the median 
response was 2. 

Interviewees were also asked an open-ended question about their 
overall reaction to the instruction cards. Most of the comments were 
positive; however, about 20 percent of the respondents had some 
criticism of the instructions. The most common complaints were that 
the print was too small, the appearance of the card was cluttered, and 
the color unattractive. Overall, 9 percent of the trial location respond­
ents complained about the print size (lO-point type). In Illinois, the 
nontrial cards were dual-language cards. All instructions were printed 
in both English and Spanish. This required the use of smaller print 
(8-point type) than on a single-language card. Thirteen percent of the 
respondents at the Illinois non trial location complained about the size 
of the print, and 13 percent more complained about the use of Spanish, 
indicating that it made the instructions harder to read. Overall, 6 
percent of the trial location respondents complained that the cards 
were cluttered (too much information); however, less than 1 percent 
of the airport respondents had this complaint, compared to 11 percent 
in the small cities and shopping centers. Generally, public telephone 
users in the cities and shopping centers made local calls, and had little 
need for most of the information on the instruction cards. Seven 
percent of those who saw tan cards complained about the color of the 
cards; less than 1 percent disliked the blue cards. 

6.S Field trial conclusions 

The proposed standard public telephone instruction cards were 
acceptable to users. They were rated as easy to use. Telephone users 
were able to use the trial instructions at least as well as the nontrial 
instructions, and no major problems were detected. The new card 
establishes a standard that satisfies users' needs. 
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VII. CONCLUSIONS 

Based on the results of the laboratory evaluation and on the recep­
tion of the new instructions cards in the field, AT&T Public Services 
recommended to all Bell Operating Companies (BOCs) that the new 
instruction cards be used on all public telephones. The new cards have 
been introduced in most BOCs. In addition, the new design was made 
available to the Independent Telephone Companies for use in prepar­
ing their instruction cards. We anticipate that the widespread use of 
the new standard instructions will make public telephones easier to 
use. 
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I. INTRODUCTION 

How well technical documents communicate with their readers 
depends in part on the style in which they are written, since the way 
ideas are expressed can influence how easily they are understood. 
Readers may find a document particularly difficult to read when its 
writing style places an undue burden on their reading skill. For 
example, use of words that are unfamiliar to readers can obscure a 
document's message. Also, a document can be unclear if ideas are 
embedded in sentences whose syntax is too complex for its readers. 
Other characteristics of style are described elsewhere in this issue of 
the Journal. 1 

The stylistic difficulty of written communication can be appraised 
with the help of readability formulas.2

,3 These formulas predict the 
reading difficulty that may result from a document's writing style but 
not from its content, organization, or format. Readability formulas 
estimate the reading skill needed to cope with a document's writing 
style, as manifested in the writer's choice of surface structures. A 
readability index is calculated from measures of text features that are 
thought to be indicators of stylistic difficulty. For example, many 
formulas use the average length of a text's words and sentences to 
calculate readability. These two text measures, word length and sen­
tence length, function primarily as indicators of the lexical and syn­
tactic difficulty of the text. In English, shorter words are likely to be 
more familiar to readers than longer words, since shorter words tend 
to occur more frequently. Shorter sentences are apt to be easier for 
readers to process than longer sentences because shorter sentences 
tend to be less complex syntactically. 

While readability indexes are often derived from relatively simple 
formulas, they can provide useful estimates of sytlistic difficulty.4 For 
example, readability indexes tend to agree with human judgments of 
text difficulty,5 and it is usually less time-consuming and costly to 
calculate a readability index than to collect human judgments of 
reading ease. Readability indexes have also been shown to predict 
behavioral measures of reading ease, such as reading rate2

,6 or duration 
of eye fixations,7 in experimental settings. The readability level of 
documents has also been related to their effective use in work 
situations8

,9 and will be discussed later in this section. 
Readability formulas have their limitations. Formulas only provide 

estimates of the stylistic difficulty of texts. These formulas are derived 
from correlations between text measures related to style and measures 
of reading difficulty such as comprehension test scores. Almost all 
formulas have been developed using a multiple regression technique 
to select the linear combination of stylistic measures that best predicts 
the scaled difficulty levels of a set of texts. Most of the commonly 
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used readability formulas, such as the Flesch and Dale-Chall formulas, 
produce estimates that are accurate to within ±1 reading grade level. lO 

The Kincaid formulall is slightly less accurate, having a standard error 
of 1.41 as compared to the Flesch, which has a standard error of 0.81.12 

Readability formulas are often criticized because editorial revisions 
that produce acceptable readability indices do not necessarily result 
in a more readable text.3,13,14 For example, shortening words or sen­
tences will lower a text's readability index without necessarily making 
it easier to read. This should not be surprising since readability 
formulas are derived from correlations between measurable text attri­
butes and readers' performance on comprehension tests.3 As pointed 
out in the preceding paragraphs, easily quantifiable text features such 
as sentence length gain their predictive power by indexing underlying 
contributors to text difficulty that are less easily quantified. Some of 
the important determinants of reading difficulty, such as syntactic 
complexity and the use of the passive voice, are discussed elsewhere 
in this issue of the Journal. 1 

Just how much difficulty a particular group of readers will have 
with a document's style depends on their level of reading skill. If a 
given reader's skill matches or exceeds that required by a document, 
its writing style alone is not likely to cause trouble for that reader, 
even though the document's subject matter may be difficult. Con­
versely, a reader with more limited skill is likely to find that the 
document's writing style alone presents a challenge.2

-
4 By comparing 

a document's readability index (an estimate of stylistic difficulty) with 
an estimate of reading skill, we can predict the difficulty a reader 
might be expected to have with a document's writing style. An estimate 
of overall reading competence can be obtained from a person's per­
formance on a standardized reading test. These tests sample a reader's 
behavior on tasks that have been found to discriminate between skilled 
and unskilled readers. 

Estimation of the match between a document's readability and the 
reading skills of its audience can be helpful in evaluating the effec­
tiveness of technical writing that contains job-related information. 
Many companies, such as the Bell System, rely heavily on written 
communication to support job performance. When the writing style of 
a job-related document is too difficult for its users, job performance 
may suffer in a number of ways. Studies have investigated the conse­
quences of this mismatch between document style and reading skill. 
Jobs may take longer than usual to perform because needed informa­
tion is hard to access.9 Errors may increase because the descriptions 
of work procedures are unclear.8 Perplexed readers may turn to co­
workers for help, thus reducing their co-workers' productivity.9 

In the present study, the match between the readability of docu-
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ments and the reading skills of readers was estimated for a large 
sample of Bell System technical documents. These documents are a 
major source of information about the operation and maintenance of 
equipment. The readability of these documents was measured by 
computer and compared with the reading skills of two groups of Bell 
System employees who use the documents. Levels of reading skill were 
estimated from the employees' scores on a reading test. 

II. METHOD 

2.1 Readability survey 

2.1.1 Documents 

Readability measures were obtained for the text of Bell System 
technical documents called Bell System Practices (BSPs). These doc­
uments are a major source of information about the operation and 
maintenance of equipment. They are used throughout the system by 
both craft and management personnel. There are well over 250,000 
BSPs so only a sample of these documents were analyzed. Most of 
these BSPs are typeset under computer control and consequently were 
available in computer-readable form. 

The BSPs selected for analysis were those likely to be used fre­
quently. To meet this goal, documents were chosen from three impor­
tant areas of company activity-outside plant, customer equipment, 
and ESS* switching equipment. The BSPs dealing with outside plant 
and customer equipment were taken in a random fashion from hand­
books provided to craft personnel for use on the job. The BSPs about 
electronic switching systems were chosen in a random fashion from 
those describing the operation of two different systems, 1 ESS and 
2 ESS switching equipment. Table I shows the number of BSPs 
analyzed from each category of company activity. Altogether, reada­
bility indices were obtained for 140 BSPs consisting of a total of 
378,359 words. 

2.1.2 Readability measure 

The Flesch Reading Ease Index12 was chosen to measure readability. 
The formula for calculating this index, given in Table II, uses two 
features of a text to predict stylistic difficulty: (1) the average length 
of a text's words in syllables, and (2) the average length of its sentences 
in words. These two measures function primarily as indicators of the 
lexical and syntactic difficulty of a passage. Available evidence2

-
4 

suggests that formulas using these simple word and sentence measures 
are satisfactory predictors of the stylistic difficulty of texts. The 

* Trademark of Western Electric. 
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Table I-Number of BSPs in the readability 
survey from each category of company activity 

Category 

Outside plant 
Customer equipment 
ESS maintenance 

Number 
of BSPs 

49* 
48* 
50 

Total 
Number of 

Words 

101,162* 
83,927* 

213,373 

* Seven BSPs that were in both the outside-plant and 
customer-equipment handbooks were included in the totals 
for both categories. 

Table II-Formula for the Flesch Reading Ease Index and the 
algorithm for converting a vowel count to a syllable estimate 

1. Flesch Reading Ease Index (FL): 

FL = 206.84 - 84.6 WL - 1.015 SL 

Where 
WL * is the average length of a word in syllables 
SL is the average length of a sentence in words 

2. Algorithm for estimating the syllables (SYL) in a sample of words 

SYL = 0.998 VOW - 0.343 W 

Where 
VOW is total vowels (aeiouy) 
W is total words 

*WL= SYLjW. 

Kincaid formulall also uses these two measures and is the basis for 
the Writer's Workbench advisory on readability. 1 The Flesch formula 
was chosen for the present survey because it has been more widely 
used than the Kincaid formula and has been shown to be one of the 
most accurate predictors of readability.lO 

The Flesch Index ranges from 0 to 100 with a higher index repre­
senting a more readable text. A Flesch Index can also be expressed as 
a reading grade level, which is the average school grade of readers who 
would be expected to score 75 percent on a comprehension test for the 
reading material. Originally, a point on the Flesch Index scale corre­
sponded to one-tenth of a grade,12 but Flesch found that his formula 
underestimated the reading grade level of more difficult passages. He 
proposed a nonlinear relationship between the Flesch Index and 
reading grade level,15 and this relationship is used in the present study 
to assign a reading grade level to an index value. 

The Flesch Index was calculated by computer,16,17 since the BSPs 
were in computer-readable form. A program was written to compute 
average sentence length for (complete) sentences in the text of the 
BSPs. The program was able to exclude tables, headings, and titles 
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that were flagged in the text. To calculate the average length of a word 
in syllables (WL), the program estimated the number of syllables in a 
word sample from a count of the number of vowels in that sample. 
This vowel count was then converted to syllables using the formula18 

shown in Table II. 
When syllables are estimated from a vowel count, the presence of 

words without vowels, such as abbreviations, acronyms, and numbers, 
may be a problem. Their inclusion in the computer's estimate of 
syllables can lead to an underestimation of average word length and a 
consequent underestimation of reading difficulty. This is a problem 
when analyzing technical documents. In some of the BSPs selected 
for the present survey, over 11 percent of the words did not contain 
vowels. One solution to this problem is to base the syllable estimate 
on words that conform to the syllable estimation algorithm's assump­
tion that a word contains at least one vowel. This solution was adopted 
in the present study and has been implemented in the Writer's 
Workbench. Only nonnumeric words with at least one vowel were used 
in the estimation of syllables from a vowel count. This solution seeined 
to work. Flesch Indexes were computed using hand counts of syllables 
for 16 BSPs that had a large number of words without vowels. These 
manually produced indexes were compared with computer-produced 
indexes. When words without vowels were omitted from the computer 
estimation of syllables, 11 of the 16 texts were assigned the same 
reading grade levels by the computer-produced and manually produced 
indexes. When words without vowels were included in the syllable 
estimation, only 4 of the 16 BSPs were classified at the same reada­
bility level by the computer-produced and manually produced indexes. 
This solution finds precedence in Flesch's suggestion12 that counts of 
syllables be based on words whose pronunciation is unambiguous. 

2.2 Reading skills survey 

2.2.1 Reading test 

The reading skills of Bell System personnel were estimated from 
their performance on a standardized, commercially produced reading 
test, the Nelson-Denny Reading Test, Form D.19 This test had been 
standardized by giving it to a sample of over fifteen thousand high 
school students, representing the student population of the United 
States in 1972. The test performance of students in this sample was 
used to estimate the reading skill represented by a test score. Level of 
reading skill is often expressed as a score's reading grade level. A test 
score is assigned a reading grade level that corresponds to the average 
educational level of students who made that test score in the stand­
ardization sample. Thus, a reader's reading grade level is the school 
grade for which his or her test score is typical. It should be emphasized 
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here that the educational level of a person and the reading grade level 
of his or her test score are· not identical. 

The Nelson-Denny Reading Test was chosen for three reasons: (1) 
it can be given in a reasonably short period of time, (2) it covers a 
range of reading abilities appropriate for Bell System employees, and 
(3) it was well constructed according to standards for norm-referenced 
tests.20 

The Nelson-Denny Test is composed of a vocabulary test and a 
comprehension test. The vocabulary test contains 100 multiple-choice 
items consisting of a sentence stem and four words that can complete 
the sentence. The comprehension test consists of 36 multiple-choice 
questions that relate to five short prose passages. Readers work on the 
vocabulary test for 10 minutes and on the comprehension test for 20 
minutes. 

Performance on the test is expressed as a total score. This score is 
the sum of two subscores: (1) the number of correct vocabulary items, 
and (2) the number of correct comprehension items multiplied by two. 
The reading grade equivalents for total scores are given in the Exam­
iner's Manual of the Nelson-Denny Test.19 In terms of accuracy, the 
total score has a standard error of measurement* of about 5.7.19 

Translated into reading grade level, this standard error is approxi­
mately a 0.5 reading grade level. 

In the present study, total scores were used in all statistical com­
putations. However, the results were also presented as reading grade 
equivalents of test scores. Reading grade levels were used because: (1) 
they are often a more meaningful way of expressing reading skill, and 
(2) the readability of the technical documents was expressed as reading 
grade levels. 

2.2.2 Subjects 

The Nelson-Denny Reading Test was given to 471 technical man­
agement employees and 210 craft employees. Both groups were stu­
dents at Bell System training centers. The management students were 
taking a variety of technical courses covering such diverse subjects as 
switching systems, data management, building engineering, and fi­
nance. The craft students were taking the final course in an ESS 
switching equipment training program that involves approximately 
700 hours of training. 

These employees were chosen because they were likely to use doc-

* The consistency of a test can be expressed in terms of the standard error of 
measurement. Approximately two-thirds of the hypothetical "true" scores on a test 
would lie within one standard error of measurement from a score obtained on the test. 
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uments such as the BSPs sampled in the readability survey. In 
addition, students at the training centers are more readily available 
for testing than are employees in work situations. 

Each student took the Nelson-Denny Test and filled out a question­
naire requesting information about his or her age, sex, years of formal 
education, job level, years of service in the Bell System, and region of 
the country in which he or she worked. The study was conducted in 
the students' classrooms in groups ranging from 10 to 30 students. All 
students in the selected classes participated in the study although they 
were not required to do so. To ensure the anonymity of the partici­
pants, each student used a number to identify all test material and 
the questionnaire. 

III. RESULTS 

3.1 Readability survey 

Figure 1 shows the distributions of Flesch Indexes for BSPs in each 
of the three categories: outside plant, customer equipment, and ESS 
maintenance. The distribution for each category is displayed as a box 
plot. The ends of a box are drawn at the upper and lower quartiles of 
the distribution, while the bar across the box represents the median. 
The extremes of the distribution are plotted as horizontal lines joined 
to the box by dashed lines. 

Figure 1 suggests that considerable reading skill is required to cope 
with the writing styles of many BSPs. Thirty-three percent of all the 
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Fig. I-The distributions of readability for the three categories of BSPs. 
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BSPs sampled had Flesch Indexes below 50. An appreciation of the 
stylistic difficulty of these BSPs can be gained by comparing their 
readability levels with those obtained by Flesch 12 for some represent­
ative magazine articles. Flesch found that academic journals such as 
the American Scholar or the Yale Review had Flesch Indexes ranging 
from 30 to 50, while quality magazines such as the New Yorker had 
Indexes ranging from 50 to 60. Over half of the customer-equipment 
BSPs were comparable to academic journals in their level of stylistic 
difficulty. The writing style of three-quarters of the ESS switching 
equipment maintenance BSPs was at least as difficult as that of 
quality magazines. In terms of required reading skill, the writing style 
of one-third of the BSPs would be likely to cause difficulty for readers 
with skills below the 13th reading grade level. The writing style of 
over half the documents (63 percent) would be likely to cause difficulty 
for those employees reading below the 11th reading grade level. 

3.2 Reading skills survey 

3.2.1 Reader characteristics 

The questionnaires provided information about the students who 
took the reading test. Sixty-five percent of the technical management 
students were first-level management, 27 percent were second-level 
management, and the remaining 8 percent were third- (4 percent) and 
fifth- (4 percent) level management. As Table III shows, the technical 
management students represented a broader range of age, education, 
and years of service than did the craft students. The two groups 
differed primarily in educational level. More technical management 

Table III-Age, formal education, and years 
of service 

Percentage of Students 

Technical 
Management Craft 

20-29 26 29 
CI.lal 30-39 39 52 bO:> 

<t:CI.l 40-49 24 14 ....:l 
50 or older 11 5 

"@ Some high school 1 3 s:: 
0- High school grad 30 55 ..... CI.l ...,:> Some college 29 36 ~CI.l C,)....:l College grad 26 6 .g 

Some grad school 14 ri:l 

'E8 1-5 19 9 
6-10 26 49 

~'E 11-20 30 30 ~CI.l 
~oo over 20 25 12 
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students (69 percent) than craft students (42 percent) had continued 
on to college after graduating from high school. There were also more 
women among the technical management students (30 percent) than 
among the craft students (9 percent). 

3.2.2 Reading scores 

The cumulative probability distributions of total scores on the 
Nelson-Denny Reading Test are shown in Fig. 2 for each group of 
students. The reading grade equivalents of test scores appear at the 
top of the figure. The median, upper, and lower quartiles of the 
distributions are also shown. The maximum total score is 172, while 
the highest reading grade level that can be assigned to a score is 15. 

Test scores indicate that, on the average, both groups of students 
were competent readers. Mean scores were 81 and 94 for craft and 
technical management students, respectively. For comparison, the 
Nelson-Denny manuaP9 gives mean scores for samples of freshmen, 
sophomores, juniors, and seniors in college. These scores were 75, 85, 
93, and 98, respectively. Over half the craft and technical management 
students had test scores at or above the 14th (college sophomore) 
reading grade level. The reading grade levels of the mean scores were 
14.0 and 14.9 for craft and technical management students, respec­
tively, and this difference between student groups was greater than 
would be expected by chance (t = 3.24, df = 671, p < 0.05). 
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Fig. 2-Cumulative frequency distributions of reading test scores showing the median, 
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3.3 Estimating the stylistic difficulty of BSPs 

An estimate of the difficulty a group of readers may have with the 
writing style of a specific document can be made by finding the 
proportion of readers whose reading grade levels on a reading test are 
below the reading grade level of the document. If a document's reading 
grade level is 12, for example, and one third of its users have reading 
skills below the 12th reading grade level, then the likelihood of a 
mismatch is 0.33 (e.g., the probability that the users' reading skills 
will be below the 12th reading grade level). 

This likelihood of a mismatch between audience and document can 
be extended to a set of documents. In this case, two measures are 
needed for each reading grade level represented by the set of docu­
ments: 

1. The proportion of documents in the set whose reading grade 
levels are greater than a specified reading grade level (that is, the 
proportion of documents likely to be difficult for readers at that grade 
level); 

2. The proportion of readers in the group at that reading grade 
level. 
The likelihood of a mismatch is the sum of the products of these two 
estimates over all reading grade levels. This likelihood is the proba­
bility that a member of the audience will select a document from the 
set that exceeds his or her reading grade level. 

The likelihood of a mismatch between BSPs and the technical 
management and craft students were calculated from the information 
in Table IV. This table shows the proportion of BSPs whose reading 
grade levels exceeded each level in the table. Also shown are the 

Table IV-Proportions for calculating the 
likelihood of a mismatch between BSPs and 

two employee groups 

Reading Grade 
Level 

below 7.0 
7.0-7.9 
8.0-8.9 
9.0-9.9 
10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-13.9 
14.0-14.9 
15 or greater 

Proportion at Each 
Reading Grade Level 

Proportion _______ _ 
of Difficult Technical 

BSPs Management Craft 

1.00 
0.99 
0.90 
0.74 
0.63 
0.44 
0.33 
0.20 
0.11 
0.00 

0.00 
0.00 
0.01 
0.01 
0.04 
0.04 
0.06 
0.16 
0.19 
0.49 

0.01 
0.00 
0.01 
0.02 
0.05 
0.05 
0.15 
0.26 
0.18 
0.27 
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proportion of technical management and craft students at each reading 
grade level. 

The likelihoods of a mismatch between BSPs and the student 
audiences was 0.14 for technical management students and 0.20 for 
craft students. This result suggests that technical management stu­
dents were likely to have some difficulty with the writing style of 
about 14 percent of the BSPs in the sample, and craft students with 
about 20 percent. These estimates of difficulty suggest that the mis­
match between students and BSPs is not great, but we do not really 
know how to interpret such results. For one thing, the Flesch Reading 
Ease Index assumes 75-percent reading comprehension. For technical 
documents, such as these BSPs, comprehension closer to 100 percent 
is probably desirable. In addition, although losses in job efficiency may 
result when employees have difficulty with a document, simplifying 
its writing style can be both costly and time-consuming. At present 
we know that it is useful to match documents to readers but we don't 
know how to calculate the benefits and costs involved in achieving 
this match. 

IV. DISCUSSION 

The results of the present study suggest that the writing style of 
many Bell System documents used on the job and in training requires 
considerable reading skill. Yet, the reading skill levels of the majority 
of the employees we tested matched or exceeded the estimate of 
required reading skill provided by the readability analysis. Our two 
samples of Bell System employees appeared to have fewer people with 
limited reading skills than might be expected from their educational 
levels. This was especially so for the craft students who had an average 
reading grade level (level 14-college sophomore) that was two grade 
levels above their average educational level (level 12-high school 
graduate). 

A number of selection factors may have acted to make our sample 
of Bell System employees such able readers. One of these factors may 
have been the documents that these students read during training. 
The craft students we tested had successfully completed a series of 
courses (approximately 700 hours of training) that required the use of 
highly technical documents, including BSPs. These technical docu­
ments may have acted as selective filters, tending to eliminate students 
with limited reading skills. This explanation assumes that students 
who have reading difficulties or who are averse to reading difficult 
documents will tend to leave training. If our filter explanation is 
correct, we would expect to find proportionately more skilled readers 
among students who were about to complete training than among 
students who were starting a training sequence. We explored this filter 

1860 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1983 



explanation by comparing the reading-test performance of craft stu­
dents who were just beginning an ESS switching equipment training 
sequence with students who were about to complete this sequence. 

The Nelson-Denny Reading Test and a questionnaire were admin­
istered to 160 craft employees who were enrolled in introductory ESS 
switching equipment courses given at the training centers of several 
operating companies. Their performance was compared with that of 
the 210 craft students discussed earlier (Fig. 2), who were finishing 
their last course in the ESS training sequence. 

The distributions of total scores on the reading test are shown in 
Fig. 3 for the beginning and advanced students. There was little 
difference between these two groups in their performance on the 
reading test. These results do not support the contention that training 
documents tend to filter out less able readers during ESS training, 
but rather they suggest that our sample of Bell System craft students 
was not biased by selective factors during ESS switching equipment 
training. Thus, their level of reading skill is likely to be representative 
of Bell System craft employees with similar training. 

Training documents may not have worked as filters because of the 
procedures for selecting employees who enter ESS switching equip-
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ment training. These procedures, themselves, may lead to the choice 
of able readers. Operating companies undoubtedly choose their more 
able employees for ESS training because it is expensive and time­
consuming. In addition, all those who start ESS training must com­
plete a mini-course that helps to select employees who are likely to do 
well in ESS switching equipment self-instructional training. Even the 
perceived mental demands of operating and maintaining a complex 
switching system may discourage employees with limited intellectual 
skills. Although ESS trainees are not chosen explicitly for their reading 
skills, all the factors mentioned above could lead to the selection of 
competent readers as trainees. 

v. CONCLUSION 

In the present study, the reading skills of the majority of employees 
we tested were likely to be matched to the reading demands made by 
the writing styles of the majority of the technical documents they read. 
This match resulted because so many of the employees were proficient 
readers and not because the documents were easy to read. In many 
technical areas, such as ESS switching equipment, readers may have 
more reading skill than would be expected on the basis of their 
education. One implication of this finding is that demographic infor­
mation about education may not be sufficient to predict an audience's 
level of reading skill. More direct estimates of reading skill may be 
needed, such as the Nelson-Denny Reading Test. 

Although we found a reasonable match in grade levels between 
documents and readers in the present study, this does not ensure that 
the documents are easy to read. Documents can be identified as 
difficult but not necessarily as easy to read, because the readability 
index does not include such important determinants of difficulty as 
organization, content, or format. For this reason, our findings should 
not discourage Bell System writers from writing as clearly and simply 
as possible. For many employees, the writing styles of technical doc­
uments may be a real barrier to success on the job. Screening devices 
that combine information about the readability of documents and the 
reading skills of their audiences, such as the likelihood of a mismatch, 
can help identify documents that may be too difficult for their intended 
readers. 
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Advances over the past few years in the field of Automatic Speech Recog­
nition (ASR) have brought more attention to potential Bell System applica­
tions of this technology. Before reaching the point of ASR implementation, 
several human factors problems have to be overcome. This paper describes 
the central human factors issues, then summarizes the initial steps at Bell 
Laboratories in attempting to deal with those issues. Findings from observa­
tions of customers speaking credit card numbers to operators are described, 
followed by summaries of three studies investigating control of the speech of 
ASR system users. 

I. INTRODUCTION 

The potential of Automatic Speech Recognition (ASR) in telecom­
munication applications has long been recognized, l but until recently 
the state of ASR technology did not warrant effort beyond the existing 
laboratory activity. In the past few years, ASR has emerged from the 
laboratory into commercial use. Several systems are now available 
providing speaker-dependent word recognition.2 Such a system must 
be trained by each user before it can recognize that user's speech. 

* American Bell. 
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Most of these systems require isolated speech in the sense that each 
vocabulary item must be spoken with a short silent interval preceding 
and following each word, although a few systems allowing connected 
speech are now available.2 Speaker-dependent systems have been 
applied primarily in industrial settings that require hands-free data 
entry, such as inspection and quality control. 

Speaker-dependent ASR systems are inappropriate for many attrac­
tive telecommunications applications. Instead, speaker-independent 
systems, which need no prior training by users, are required. Various 
network operator services, such as credit card calling and directory 
assistance, are examples of applications in this category. Through the 
use of ASR, such services could be automated and used from any 
telephone that has access to the existing network. A few isolated­
speech, speaker-independent ASR systems are already in use in the 
United States and Japan. They provide service to selected groups of 
users in applications such as private network call-routing and banking. 
Laboratory work is under way to develop a connected-speech, speaker­
independent ASR capability.3 

The use of ASR in universally accessible services raises many human 
factors questions. This paper summarizes Bell Laboratories initial 
human factors work leading toward the first network applications of 
speaker-independent ASR. Our work began in the context of consid­
ering the use of ASR in one particular network service: credit card 
calling. Today, most credit card calls require giving a credit card 
number (CCN) to an operator. A new service known as Calling Card 
Service (CCS) automates the handling of credit card calls from Touch­
Tone* telephones by allowing customers to enter their CCNs on the 
Touch- Tone telephone number pad. However, calls from rotary tele­
phones must still be handled by operators. ASR would allow automa­
tion of all credit card calls. 

Our first step in investigating the credit card application was to 
identify the critical human factors issues that require attention. Sev­
eral of these issues are common to almost all potential network 
applications of speaker-independent ASR. A description of the com­
mon issues provides perspective on our subsequent human factors 
work. 

II. THE CENTRAL HUMAN FACTORS ISSUES 

Issues that surround the user-system dialog were selected as the 
focus of the work reported here. Although the other issues are only 
touched on in this paper, they are no less important to any successful 
network application of ASR. 

* Trademark of AT&T. 
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2.1 User-system dialog 

For the foreseeable future, ASR systems will be limited by several 
aspects of human speech, such as the vocabulary they can recognize, 
the maximum rate of speech they can handle, their ability to ignore 
extraneous words and sounds, and the accuracy of recognition per 
spoken vocabulary item. Thus, care must be taken in the design of 
any user-system dialog to overcome these limitations. 

2.1.1 Instructions 

Appropriate instructions are needed to control the speaking rate 
and vocabulary that untrained speakers use when they encounter an 
ASR system for the first time. These instructions also must allow 
experienced users to proceed without unnecessary delay. 

2.1.2 Feedback 

While current ASR systems are achieving impressive recognition 
accuracy for limited vocabularies, their accuracy is less than that of a 
human listener. Therefore, many applications, particularly those 
where errors are costly, require feedback to the user to ensure correct 
recognition by the ASR system. For many attractive telecommunica­
tions applications of ASR, user input will consist primarily of strings 
of digits (e.g., telephone numbers or credit card numbers). Several 
digit feedback provisions are possible. For instance, feedback could be 
given after each digit, after each group of digits, or after entry of the 
entire number. The optimal method depends on the nature of the 
application and the recognition accuracy of the ASR system. 

2.1.3 Error correction 

Methods are needed that allow users to correct both their own 
speaking errors and, when feedback is given, recognition errors on the 
part of the ASR system. Again, several options are available and the 
optimal method for each application is unclear. 

2.1.4 Problem speakers 

No matter how good an ASR system may be, there will always be 
some speakers whose speech cannot be reliably recognized by the 
system. Any service incorporating ASR will have to provide for some 
type of alternate treatment for such individuals; this will often mean 
transfer to an operator or attendant. Detection of problem speakers 
early in the dialog and swift alternate treatment will be necessary to 
ensure both service efficiency and customer satisfaction. The best way 
to detect these speakers has not yet been established. 
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2.2 Isolated vs. connected speech 

Connected speech is preferable to isolated speech for use as input 
to an ASR system. However, when speaker-independent ASR systems 
that accept connected speech become available for use, isolated input 
will still be more accurately recognized. For this reason, in any appli­
cation of ASR it will be necessary to decide whether the trade-off 
between the greater ease of use of connected speech and the greater 
accuracy of isolated speech favors the former or the latter. 

2.3 Vocabulary choice and expansion 

User and system considerations may often conflict when a vocabu­
lary is selected for any given application of ASR. The most appropriate 
vocabulary for the speaker may be particularly difficult for the ASR 
system. For instance, while spoken, spelled input might be a natural 
way to specify a name to a directory assistance system, the spoken 
alphabet is a singularly difficult vocabulary for any ASR system to 
accept.4 Words in a vocabulary such as the international word -spelling 
alphabet (Alpha, Bravo, Charlie, etc.) would be much more accurately 
recognized by machine, but much less convenient for most users. 
Closely related to vocabulary selection is the problem of vocabulary 
expansion. Careful selection of new vocabulary items is necessary 
because adding new words to a vocabulary may change the system's 
performance on the original set of words. 

2.4 Integration of Touch-Tone service with ASR 

For any network service using ASR, a large percentage of the 
customers will be calling from Touch- Tone telephones. Thus, it is 
necessary to consider the possibility of mixed Touch- Tone telephone 
and voice input to an automated service. This raises several questions 
regarding integration of the two, such as whether to provide both 
input options at every point in a service, whether to encourage the use 
of one option over the other, how to make voice input compatible in 
some sense with Touch- Tone telephone input when both are available, 
etc. 

2.5 Template construction 

In an ASR system templates represent the words to be recognized 
in a given application. Template construction is in many respects the 
most critical hurdle in applying speaker-independent ASR because it 
is largely the quality of those templates that determines the recognition 
accuracy of the system across the population of users.5 Template 
considerations are included here because of the human factors prob­
lems involved in building the speech database needed to construct 
them. 
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2.6 System evaluation 

The performance of a speaker-independent ASR system in any 
application depends not only on the characteristics of the system but 
also on the vocabulary used in the application, the set of templates 
constructed for that vocabulary, the transmission conditions, and the 
characteristics of the spoken input. Therefore, evaluating the adequacy 
of a system in an application involves more than simply obtaining 
some overall measure of recognition accuracy. Information will be 
needed about variation in recognition accuracy across segments of the 
user population, across vocabularies, and across transmission condi­
tions. Other critical aspects of performance will be system response 
time and the rate of false recognition for words outside the application 
vocabulary. 

III. TSPS OBSERVATION STUDY 

To study user-system dialog issues in the application of ASR to 
credit card calling we gathered data from customers speaking their 
credit card numbers to Traffic Service Position System (TSPS) op­
erators, who handle all nonautomated credit card traffic. Such data 
were needed to identify any customer behavior changes necessary to 
interact successfully with an ASR system. 

The particular aspects of customer speaking behavior that we in­
vestigated were: 

1. Customer segmenting of CCN s. Segmenting, as used here, refers 
to the tendency of most customers to break a CCN into spoken 
segments by pausing briefly after speaking a group of three or four 
digits. Segmenting is important because the per-item recognition 
accuracy of speaker-independent ASR systems that can accept con­
nected speech is likely to be highly sensitive to the number of items 
in a connected sequence. 

2. Customer vocabulary (e.g., "zero" versus "oh," "hundred" versus 
"zero zero," etc.). 

3. Occurrence of words or sounds other than those used to give the 
CCN. 

4. Frequency of customer mistakes in speaking the CCN and spon­
taneous correction of those mistakes. 

5. Frequency of operator requests for repetition of a portion or all 
of the CCN. Our interest in this stems from the fact that reliable 
system performance is possible only when the customer corrects sys­
tem-recognition errors using feedback from the ASR system; thus, it 
is useful to have information on the current frequency of operator­
requested repetitions. 

6. Speaking rates distribution for current customers. 
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3.1 Summary of results 

3.1.1 Number of observations 

A total of 3040 credit card calls were observed at three different 
TSPS offices, 1157 in Milwaukee, 742 in Louisville, and 1141 in 
Boston. The relatively low number of observations for Louisville 
reflects a low overall credit card call volume during the observation 
period. Since the card numbers for the observed calls at each site were 
not recorded, the number of distinct CCNs among the 3040 calls is 
not known. 

3.1.2 Segmentation of the spoken CCN 

The majority of CCNs were spoken in consecutive segments of 3,3, 
4, and 4 digits. Of all observations, 69 percent fell in this category. 
This is not surprising, since the format of most CCNs is NPA NXX 
XXX X XXXX and in the three operating companies visited the 
number is printed on the credit card with that segmenting. 

The next most common segmentation was 3 3 4 3 1, used in 17 
percent of the observations. The frequency of this segmentation prob­
ably reflects carryover from the previous 10-digit-plus-one-Ietter for­
mat used for CCN s up until two months before data collection. In 
most cases, the new 14-digit numbers were constructed from existing 
CCNs by adding an initial NPA and changing the terminal letter to a 
digit. Thus, despite the fact that the new number was printed on the 
credit card with the 3 3 4 4 segmentation, customers accustomed to 
speaking their old number with a 3 4 3 1 segmentation carried that 
habit over to the new number. 

Only four percent of the observed numbers were spoken with the 
digits run together. A number was classified as run together if five or 
more digits were spoken without an intervening pause. This was the 
third most common segmentation category. The remaining 10 percent 
of the calls were distributed among several infrequently occurring 
segmentation categories. 

3.1.3 Variation in vocabulary 

Regarding the use of "zero" or "oh" when speaking the digit zero, 
29 percent of the 3040 spoken CCNs contained a spoken "zero," 51 
percent contained a spoken "oh," 9 percent contained both "zero" and 
"oh," and 11 percent contained neither. It is interesting that customers 
frequently say both "zero" and "oh" while speaking a single CCN. 
While figures are not available on the proportion of observed CCN s 
that contain multiple occurrences of the digit zero, it is evident that 
the percentage of multiple zero calls involving the use of both "zero" 
and "oh" is considerably greater than nine percent. 

When speaking the CCN, customers used words outside the single-
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digit vocabulary in only eight percent of all calls. Almost all of these 
calls involved some combination of three types of multiple-digit utter­
ances. The most common type was a two-digit combination such as 
"fifty-six," "eighty-eight," "thirteen," etc. The next most common type 
was the phrase "double zero" or "double oh" for the digit combination 
00, usually when the 00 was the leading pair of a segment. The word 
"hundred," usually used for a terminal 00 in a segment, was the third 
most common type. 

3.1.4 Extraneous vocalizations 

There were relatively few occurrences of extraneous vocalizations 
from the customer. Less than two percent of all calls included such 
events. The most commonly used word was "dash," spokeri between 
segments of the CCN. This occurred because some operating compa­
nies print the CCN on the credit card with dashes between segments. 

3.1.5 Customer correction of errors 

The customer corrected an error in the spoken CCN before any 
request for repetition from the operator on less than three percent of 
all calls. The most common error was to leave off the area code when 
giving the CCN. Since the requirement to give the area code had been 
in force for less than three months at the time these data were 
collected, customers were still adjusting to the new CCN format. 

3.1.6 Operator requests for repetition 

The operator asked the customer to repeat some or all of the CCN 
on less than six percent of all calls. Usually the operator requested 
repetition of all 14 digits. This occurred because the operator can 
collect any number of digits entered on the TSPS console number pad 
only by cancelling all entered digits and beginning again. The three 
most common reasons for requesting repetition were operator keying 
errors, the operator misunderstanding or not hearing the customer, 
and the customer forgetting to give the area code. 

3.1.7 Customer speaking rates 

Customer speaking rates are of interest only for those calls on which 
the CCN was entered in a manner otherwise consistent with the 
constraints likely to be placed on users of any connected-speech, 
speaker-independent ASR system. Examining these calls allows one 
to determine if credit card customers were speaking too quickly for 
ASR systems when their spoken input was acceptable in all other 
respects. A call was classified as acceptable if it had the following 
characteristics: 

1. Only single-digit words were spoken. 
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2. No extraneous vocalizations occurred. 
3. The customer did not make an error in entry. 
4. The operator did not request a repetition. 

An operator may request repetition of a CCN, even though the input 
was acceptable to an ASR system. However, to be conservative, these 
calls were excluded from the acceptable set, which contained 80 percent 
of all calls. 

As a function of location, the mean speaking time for a CCN is 5.16 
seconds in Milwaukee, 5.33 seconds in Louisville, and 5.09 seconds in 
Boston. Although the variation among these means is small, an anal­
ysis of variance shows it to be statistically significant (F = 11.79, P < 
0.001). The mean speaking times for males and females are nearly 
identical, being 5.17 seconds and 5.19 seconds, respectively. 

The performance of connected-speech, speaker-independent ASR 
systems is likely to fall off rapidly as the rate of speaking connected 
strings increases beyond about 2.5 words per second.6 For this reason, 
speaking rates within connected strings of digits are of more interest 
than total speaking times for CCN s. To compute a speaking rate for 
each call, the total speaking time was corrected for the pauses occur­
ring between segments. This correction was made by assuming that 
for any speaker, the duration of such pauses was roughly equal to that 
speaker's mean speaking time per digit. Based on the listening expe­
rience of the two data collectors, this appears to be a reasonable 
assumption. The appropriate estimate of speaking rate for a call is 
therefore given by the following expression: 

Rate = (14 + s)/t, 

where s is the number of intersegment pauses and t is the total speaking 
time for the CCN. The value of s was based on the segmentation 
judgment made by each data collector on each call. Calls for which the 
digits were judged to be run together present problems for this rate 
estimate. Any call having five or more digits run together should fall 
in this category, so the number of intersegmental pauses is not con­
stant within the category. For simplicity, it was assumed (based on 
the data collectors' observations) that the average number of pauses 
in a call classified as run together was one, so s was set to that value. 

The distribution of speaking rates is given in Fig. 1, where, for 94.2 
percent of the acceptable calls, the speaking rate was greater than 2.5 
digits per second. 

3.2 Implications for customer behavior 

The above findings indicate two areas where the modal customer­
speaking behavior is likely to require modification before customers 
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1.5 

MEAN SPEAKING RATE = 3.43 DIGITS PER SECOND 
STANDARD DEVIATION = 0.60 DIGITS PER SECOND 

NUMBER OF OBSERVATIONS = 2398 

SPEAKING RATE IN DIGITS PER SECOND 

Fig. I-Distribution of speaking rate for calls classified as acceptable. 

could successfully interact with a speaker-independent, connected­
speech ASR system. First, assuming that any such system will have 
considerably more difficulty recognizing "oh" than "zero" (due to the 
relatively small amount of energy in a spoken "oh" and to coarticula­
tion effects), customers may have to learn to say "zero" in place of 
"oh". Second, assuming that 2.5 digits per second represent an ap­
proximate maximum acceptable speaking rate, most customers will 
have to lower their rates. Some means is needed of getting all cus­
tomers under the critical rate without lowering the rate for many of 
them too much. In other words, both the mean and variance of the 
speaking rate distribution need to be decreased. 

While these data provide some useful baseline information about 
spoken digit strings in a field environment, generalization of the 
findings to other situations must be done carefully. The CCN is a 
long, highly familiar number and credit card customers are experienced 
callers. Input characteristics may differ for shorter, less familiar digit 
strings or for a less experienced user population. Also, there are several 
important questions that could not be addressed in this study. For 
instance, while there were no important differences among locations 
on any of the variables investigated, the possibility remains that 
variation in speaker accent will present critical problems for any ASR 
system. Questions such as this cannot be answered without testing a 
system on actual speech samples from a field environment. 

Despite its limited scope, this study was useful in guiding subsequent 
human factors work. The studies reported below followed directly from 
the questions produced by these data. 
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IV. CONTROL OF USER SPEECH 

Having determined the speech characteristics of customers giving 
numbers to operators, we conducted a series of three studies designed 
to investigate methods of eliciting spoken numbers from users of 
automated network services that would be acceptable to ASR systems. 
These studies are summarized below. 

4.1 Simulation study 

The first study of the series involved a laboratory simulation of a 
connected-speech, speaker-independent ASR system in CCS. Each of 
the 30 subjects in the study was given a credit card with a 14-digit 
number printed with 3 3 4 4 segmentation. Subjects were then in­
structed to make a series of between 24 and 36 credit card calls that 
required voice entry of the credit card number to the simulated ASR 
system. 

4.1.1 Prompts and feedback 

After dialing a ten-digit number, most subjects heard a tone followed 
by a brief pause, then the following prompt: 

Please speak your credit card number in groups of four digits or 
less. Please wait for the numbers to be repeated back to you before 
speaking the next group. If the numbers are repeated incorrectly, 
say the word "error." Then when you hear the tone, repeat the 
last group of numbers spoken. Listen again for the response and 
then proceed with the next group of numbers. At the tone, please 
begin speaking your credit card number. 

A similar prompt was used for another group of subjects that was not 
given feedback of the spoken digit groups. The instructions for this 
group included the phrase "say zero instead of oh." This phrase was 
not included when feedback was provided because we wanted to see 
the effect of feeding back "zero" when the subject said "oh." The 
subjects did not know that digit recognition was done by a human who 
keyed in the spoken segments of the number, triggering voice feedback 
of the spoken digits to those subjects selected to receive feedback. 

We attempted to implicitly control speaking rate by means of the 
rate at which feedback was given; digits were fed back at either 2.50 
or 1.25 digits per second. To investigate the effect of system recognition 
error rate on user input, two different digit recognition error rates of 
1.8 percent and 5.4 percent were simulated. Each subject experienced 
at least two different combinations of feedback rate and error rate. 

4.1.2 Summary of results 

Subjects were initially told that once they thought they no longer 
needed to hear the prompt they could begin to speak after the first 
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tone. The typical subject would listen to the prompt on the first one 
or two calls, then begin to speak after the first tone on all subsequent 
calls. Despite the length of the prompt and the limited exposure to it, 
subjects had little difficulty following the instructions. All subjects in 
the feedback condition corrected errors smoothly and consistently. 
There were very few departures from the digit vocabulary (0.1 percent 
of all calls) and subjects nearly always used proper segmentation (99.8 
percent of all calls). 

While all subjects not given feedback followed the instruction to say 
"zero" instead of "oh," the feedback "zero" less successfully induced 
subjects who received feedback to say "zero". The proportion of those 
subjects saying "zero" on the first call was 0.3; this increased to 0.7 by 
the twelfth call. 

The mean speaking rate across all conditions was 2.58 digits per 
second. While this rate is lower than the rate of 3.43 digits per second 
observed in the field, the speaking rate did not vary significantly as a 
function of either feedback (none, slow, fast) or system error rate. 
Subjects in the feedback conditions did lower their speaking rate 
slightly (by 0.2 digit per second) when correcting a system recognition 
error, but then returned to the higher rate on the next call. Thus, 
under the conditions of this study, user speaking rate was not sensitive 
to feedback, either in terms of feedback rate or recognition error rate. 
However, it should be noted that the simulated-recognition error rates 
in this study were independent of a subject's speaking rate. In a real 
ASR system, the system error rate would increase with increasing user 
speaking rate, possibly making users more sensitive to feedback. 

4.2 Telephone prompt study 

The simulation study showed that some aspects of subjects' speech 
could be effectively controlled (at least in a laboratory setting) with 
simple prompting. However, the instructions in that study did not 
attempt to control speaking rate. Therefore, the next study concen­
trated on the speaking rate problem. Instead of bringing subjects into 
a laboratory stimulation to evaluate prompts, we chose to contact 
subjects by phone in their own work environments and ask for their 
cooperation in a very brief experiment that required them to simply 
say their own home phone numbers, including the area codes. Partic­
ipants heard one of a set of recorded prompts and responded by 
speaking their numbers. All subjects were employees at Bell Labora­
tories in Holmdel, New Jersey. Spoken home telephone numbers 
provided a stronger test of our ability to control speaking rate, since a 
highly familiar number is likely to be spoken more rapidly than an 
unfamiliar one. 
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4.2.1 Candidate prompts 

Table I gives the four components from which six prompts were 
composed. Three of the prompts began with Component 1 in Table I; 
one of these was completed by adding only Component 2, while the 
other two were completed by adding both Component 2 and either the 
first or second sentence of Component 3. The remaining three prompts 
were the same as the above three, except that Component 1 was 
omitted. 

This set of six prompts allowed separate evaluation of the effect on 
subjects of knowing that they were speaking to a machine and the 
effect of specific instruction on how to speak. The first sentence of 
Component 3 in Table I (rate instruction) was designed simply to 
lower the speaking rate; the second (isolation instruction) was designed 
to elicit isolated speech. Absence of either of those two sentences from 
the prompt provided a control condition. A total of 60 subjects provided 
data on these prompts, 10 for each of the 6 prompts. 

4.2.2 Summary of results 

Table II gives the mean speaking rate for each prompt, corrected 
for intersegment pauses. A 3 X 2 analysis of variance showed that 
informing subjects that they were speaking to machines significantly 
lowered speaking rates (F = 6.04, p < 0.03). Also, specific instruction 
about how to speak significantly affected speaking rate (F = 7.83, p < 
0.01). The interaction between the machine information and specific 
instruction conditions was not significant (F = 0.51). 

One other instruction evaluated in an early phase of this study 
deserves mention. This instruction was worded as follows: 

At the tone, please speak your telephone number. Say "zero" 
instead of "oh." Speak at the following rate: [Recorded voice 
speaking, "One, two, three (pause) four, five, six"]. 

This instruction produced the lowest mean speaking rate (1.31 digits 
per second) of any prompt evaluated. Prior to playing the prompt, the 
experimenter told the subjects that they would speak to a machine, 
instead of including that information as part of the prompt. 

As can be seen in Table II, even when no machine information and 
no specific rate instruction is given, the speaking rate is still consid­
erably lower than that observed in the field study. As in the simulation 
study, this probably occurred because the subjects knew they were 

Table I-Components of telephone study prompts 
1. This is a machine which recognizes human speech. 
2. At the tone, please speak your telephone number. Say zero instead of oh. 
3. Speak slowly and distinctly. 

OR 
Pause briefly after each digit. 
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Table II-Speaking rates in the 
telephone prompt study (digits/s) 

Instruction 

Control 
Rate 
Isolation 

Machine Information 

Absent 

2.41 
2.18 
1.56 

Present 

2.04 
1.54 
1.36 

participating in an experiment and were making a special effort to 
speak clearly. That special effort cannot be expected in an actual 
service environment. Nonetheless, the results clearly show that simple 
instructions can considerably lower the speaking rate. 

Beyond the fact that the isolation instruction lowered user speaking 
rates, it is of interest to know if it also succeeded in eliciting isolated 
speech. Although the speech given in response to the instruction 
sounded adequately isolated to the listener, the data were not recorded 
in a form that allowed a more thorough treatment of the isolation 
question. This question is directly addressed in the next study. 

4.3 Speech isolation study 

Up to this point, the reported work has focused primarily on issues 
surrounding connected-speech recognition. For reasons related to a 
larger, ongoing ASR project, the focus of our human factors work now 
shifted to the problem of eliciting speech acceptable to an isolated 
speech recognition system. We wanted to see whether it was possible, 
through the use of prompts alone, to obtain isolated speech from 
subjects. While it is possible to force isolation through the use of a 
pacing cue or feedback after each spoken item, such techniques tend 
to produce slower input from the user than is required by the ASR 
system. Particularly in applications involving entry of long digit 
strings (such as credit card numbers), experienced users may find 
paced entry tedious. We adapted the procedure used in the previous 
study to the current needs. Besides attempting to develop in this study 
an initial prompt that would produce isolated speech, we also investi­
gated the use of a reprompt to be used if the speech given in response 
to the initial prompt was not adequately isolated. Each of 90 subjects 
(60 Bell Laboratories employees and 30 from the surrounding com­
munity) heard one of a set of prompts over the telephone and re­
sponded with their home telephone numbers. Because of the concerns 
of the larger project, subjects were asked to give their numbers without 
the area codes. 

4.3.1 The initial prompt 

Based on the results of the previous study, we selected two variations 
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of each of two prompts for evaluation as the initial prompt. The 
candidates were: 

1. At the tone, please say your number. Pause briefly between digits. 
2. At the tone, please say your number. Pause briefly after each 

digit. 
3. At the tone, please say your number. Pause between digits, like 

this. (Recorded voice speaking, "One, two, three") 
4. At the tone, please say your number, as follows: (Recorded voice 

speaking "One, two, three") 
The phrase "say zero instead of oh" was not used because reliable 

recognition of "oh" by an isolated speech system is not as difficult as 
it would be with a connected speech system, due to the absence of 
coarticulation effects. Also, in an attempt to keep the prompts as short 
as possible, we did not include a sentence telling customers that they 
would speak to a machine. 

4.3.2 The reprompt 

To evaluate the effect of a second attempt, a subject whose speaking 
time did not exceed 5.0 seconds on the first attempt received a second 
prompt, as follows: 

We're sorry, would you please say your number again, but pause 
longer between digits. 

4.3.3 Evaluation of isolation 

Since the central question in this study was whether subjects were 
producing isolated speech, we needed a definitive test of isolation. 
This was provided by recording subjects' speech on analog tape and 
sending the tapes to the Bell Laboratories Acoustics Research De­
partment at Murray Hill, New Jersey, where they were processed for 
end-point detection. Of primary interest were the number of isolated 
segments detected in each subject's speech. Since subjects spoke their 
own seven-digit home telephone numbers, seven segments should be 
detected on a number spoken with correctly isolated speech. 

4.3.4 Summary of results 

After gathering data from 40 subjects, 10 for each prompt, it was 
evident that Prompt 4 was unacceptable. Four of the ten subjects 
hearing this prompt responded with three digits or expressed confu­
sion. Prompt 4 was therefore eliminated from further consideration. 
Data were then collected from an additional 30 subjects, 10 for each 
remaining prompt. After an initial evaluation of these data, 20 more 
subjects were added to better discriminate between Prompts 1 and 2. 

For Prompt 1, 17 of the 30 subjects took longer than 5.0 seconds to 
say their telephone numbers on the first attempt and were therefore 
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not given the reprompt. The end-point detector found seven isolated 
segments in 14 of those 17 first attempts and six segments in each of 
the remaining two (one was missing from the tape). Of the 13 subjects 
given the reprompt, seven segments were detected on the first attempt 
for two subjects and on the second attempt for 12. The speech level 
was too low to segment on the second attempt of the remaining subject. 

For Prompt 2, 22 of the 30 subjects were not given the reprompt. Of 
these, 18 achieved perfect isolation as determined by the end-point 
detector. Five segments were detected for two subjects, six for another, 
and again one subject was missing from the tape. None of the eight 
subjects given the reprompt spoke seven isolated segments on the first 
attempt. Six of the eight spoke perfectly isolated digits after the 
reprompt. One of the remaining two gave three segments and the 
other gave four. 

For Prompt 3, 19 of the 20 subjects were not given the reprompt. Of 
these, 14 were determined to have spoken seven isolated digits. One 
spoke seven digits in six segments and another in five. The end-point 
detector found five digits in five segments for two subjects, with the 
speech level on the remaining two digits being too low to segment. For 
a third subject, there were six isolated digits, plus one with too Iowa 
level. The one subject given the reprompt spoke six segments on the 
first attempt and seven on the second. 

The results of this study are an encouraging indication that the 
combination of an initial prompt with a reprompt can be effective in 
eliciting isolated speech. The differences in effectiveness among the 
initial prompts are not large, but are in favor of Prompt 3. However, 
since that prompt is considerably longer than either of the others, use 
of one of the comparable shorter prompts is preferable in any real 
application. 

V. CONCLUSION 

The work reported above represents the initial human factors steps 
toward eventual use of ASR in Bell System network applications. 
That effort has been concentrated on those human factors questions 
surrounding the user-system dialog. As indicated in Section II of this 
paper, there are many other human factors issues that must be faced 
before any network application of speaker-independent ASR will be 
possible. However, our work on those remaining issues is beyond the 
scope of this paper. Also beyond the present scope are those potential 
telecommunications applications of both speaker-dependent and 
speaker-independent ASR outside the network. This broader range of 
applications raises several human factors questions in addition to 
those considered here. 
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New Functions for Technology 

This section describes the UNI)(f'M Writer's Workbench software, its 
philosophy (L. T. Frase), the programs (N. H. Macdonald), and people's 
response to the programs (P. S. Gingrich). The programs do many things that 
an editor does when proofreading and commenting on a paper, and they have 
stimulated much public interest. The programs have been discussed on the 
Today show, and in articles in Time, Discover, and other magazines and 
newspapers. Why are the programs so interesting? Part of the answer is that 
they relieve us from the drudgery of proofreading. But part of the answer is 
also that such programs come close to helping as a human would, without the 
embarrassment of personal criticism. 

1881 





THE BELL SYSTEM TECHNICAL JOURNAL 
Vol. 62, No.6, July-August 1983 
Printed in U.S.A. 

Human Factors and Behavioral Science: 

The UNIX™ Writer's Workbench Software: 
Philosophy 

By L. T. FRASE* 

(Manuscript received December 17, 1981) 

Technology has dramatically increased the number and complexity of 
written documents. The Bell System spends over $100,000,000 annually on 
technical documents, with much effort devoted to review and revision. The 
UNI)(fM Writer's Workbench programs assist documentation by automating 
copy editing and proofreading tasks. These programs deliver detailed measures 
and comments about text readability, punctuation, word use, abstractness, 
and other features. Authors use the system to evaluate draft documents, and 
many feel the programs improve their writing skills. The programs have been 
used for quality control and text research, and in writing courses. This paper 
discusses principles used in system development, introduces the two following 
papers, and suggests possible uses for automated language analysis aids. 

I. INTRODUCTION 

Massive growth in the number of documents and in the sophistica­
tion needed to understand technical language has created challenges 
for many organizations, outside and within the Bell System. The 
Naval Air Systems Command, for instance, supplies technical manuals 
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for 135 aircraft. There are over 25,000 manuals, totaling 3,000,000 
pages. In 1950, the manuals for one aircraft contained fewer than 
2,000 pages; today, the manuals for one aircraft contain nearly 300,000 
pages.1 In the Bell System, there are over 100 general categories of 
documents. Just one of these categories, the Bell System Practices, 
contains 400 broad document categories, with 35,000 active titles. 
Current issues are routinely distributed to 45,000 locations. But num­
ber of pages is not the only concern. In some states, if documents are 
relevant to the physical or financial well-being of individuals, laws 
dictate how difficult the language of a text may be. Recent "plain 
language" legislation, passed by six states, allows courts to rewrite 
texts that are unclear.2 

The telecommunications industry, along with others, is faced with 
two substantial problems: (1) how to manage a large number of 
documents, and (2) how to make them understandable. Review and 
evaluation of technical documents is costly, time-consuming, subjec­
tive, and often tedious. Mechanized aids for reviewing documents, 
although not relieving humans of responsibility for document quality, 
can simplify and speed the documentation process. Efforts elsewhere 
in Bell Laboratories address the problem of managing a large number 
of documents.3

,4 The UNIX* Writer's Workbench software was de­
signed to help improve quality. 

Until recently, document technology has consisted of two parallel, 
but separate, lines of work. The first consists of experimental research 
on what makes text easy or difficult to understand. This work, reflected 
in psychological and linguistic research, includes studies of the effects 
of text format, wording, and graphic displays.5 The second line of work 
includes more intuitive or prescriptive bases for writing and text 
design. This involves the expertise of text and graphics designers,6 
such as technical editors and layout specialists, as well as rhetorical 
traditions that specify writing standards.7 Both knowledge bases, one 
derived from experimental research and the other from nonexperi­
mental sources, provide useful guidelines for effective text design. 

Unfortunately, text researchers and designers have not always 
worked closely together. Psychological theories of what makes a doc­
ument difficult to understand often seem oversimplified to designers, 
and designers' intuitions and prescriptions often seem vague to re­
searchers. Designers have been concerned with creating good docu­
ments, while researchers have been trying to understand problems of 
text comprehension. 

The use of computers for language analysis is beginning to stimulate 
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1884 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1983 



integration of technical knowledge from research and design areas. 
McMahon, Cherry, and Morris,8 for instance, have shown how lan­
guage analysis, such as vocabulary analysis or assigning parts of speech 
to words, can be done easily and accurately by computer. Humans find 
those tasks difficult and tedious. Models of decision processes used by 
experts have been incorporated into programs that make design rec­
ommendations, such as the most suitable column width to use for a 
particular text.9 Knowledge-based expert systems,lO developed by re­
searchers in artificial intelligence, provide additional ways of express­
ing, in computer-readable language, expertise derived from different 
disciplines. Development of the Writer's Workbench system has re­
quired, and continues to encourage, this contact between different 
disciplines. The programs recognize the validity of principles derived 
from research and the validity of principles derived from intuition and 
practical experience. Hence, they help bring research and application 
closer together. 

The Writer's Workbench system provides a simple set of commands 
that deliver many assessments needed in documentation work. These 
include editorial comments on punctuation, word use, spelling, and 
text abstractness, along with analyses of grammatical parts of speech 
and calculations of overall text readability (expressed as reading grade 
levels). The programs combine work done by the Computing Science 
Research Center and the Human Performance Engineering Depart­
ment of Bell Laboratories. 

Using routines already developed for UNIX software, such as spell­
ing and parts of speech analysis programs, developers were able to 
build programs that expanded and went beyond existing facilities. For 
portability, the wide distribution of UNIX operating systems in Bell 
Laboratories was an advantage. An early version of the programs was 
tried on several UNIX systems for four months before the first general 
release within Bell Laboratories. During those months, program effi­
ciency' outputs, and options were modified in response to user feed­
back. Although. current versions of the programs incorporate further 
enhancements and pruning of esoteric programs, the system architec­
ture has remained the same. 

Text to be analyzed must be stored in the computer. Some authors 
prefer to compose text on line; others have it entered by clerical staff. 
Text should contain standard formatting commands, for instance, 
commands that define headings and other special elements. To analyze 
a text, the user logs in to the system and issues a command name 
followed by the name of the file that contains the text. The program 
then executes, prints analyses, and perhaps suggests changes to im­
prove the text. Currently, the programs are appropriate for proofread­
ing and stylistic analyses of expository and descriptive prose, but not 
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for procedural documents consisting entirely of lists or abbreviated 
step-by-step directions. 

The Writer's Workbench system is limited by the text features that 
the programs can recognize, and also by our understanding of the 
relation of text features to reading difficulty. For instance, one program 
recognizes when the first word in a sentence is not capitalized; it is 
more difficult to develop a program that can recognize when important 
content is missing. Currently, the programs do not use linguistic 
parsing algorithms; they cannot "understand" the subject and object 
of a sentence, for example, as humans would. Nevertheless, the rich­
ness and variety of feedback delivered by the programs are different 
enough from commonly encountered word and text processing systems 
that we find it useful to refer to these expanded capabilities as 
"language processing" functions. Hence, we have used this terminology 
here and in the following two papers, perhaps as much to remind 
ourselves of what remains to be done as to characterize the current 
programs. 

II. DESIGN PRINCIPLES 

Six specific principles, reviewed below, guided Writer's Workbench 
program development. The principles provide a context for the detailed 
program descriptions in the paper that follows this. ll To summarize, 
the principles assume that language analysis programs should be 
rational, diverse, evaluative, modifiable, specific, and informative. 

2. 1 Expert knowledge base 

The Writer's Workbench programs are rational in the sense that 
they are based on research or expert consensus that justifies the 
relevance of program information for text comprehension or use. Some 
program outputs are based on psychological research, showing, for 
instance, that passive sentences are more difficult to understand than 
active sentences.ll Other programs are based on advice from writing 
and style experts.7,12 For instance, standard punctuation usage is 
evaluated by some programs. Knowledge about the features of good 
writing is scattered among disciplines; hence, no single discipline is 
entirely adequate for formulating language analysis programs. Cur­
rently, we have drawn from rhetorical and psychological literature to 
provide text assessments that people commonly use in document 
evaluation. To do more, contributions from artificial intelligence and 
related fields are required. In addition, since not all features of docu­
ment design can be clearly supported by research or expert opinion,13 
programs contain messages directing users to information sources that 
explain certain evaluations. 
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2.2 Program diversity 

Written communication is so complex that single measures, such as 
an overall index of text readability, can draw an author's attention 
away from other important text characteristics. Therefore, we wanted 
to provide diverse measures so users would think about a constellation 
of features. For instance, one program delivers over 40 measures of 
text characteristics, some measuring word characteristics, others 
measuring sentence characteristics. 

We assume that authors have diverse needs, which cannot be 
foreseen entirely. Hence, the Writer's Workbench system contains 
many programs and options that can be used, or not, as an author 
desires. The diversity of programs works as a structured system to let 
users explore characteristics of words (such as syllables), sentences 
(such as length in words), or paragraphs (such as beginning and ending 
sentences) . 

2.3 Relative judgments 

A text is good or bad depending on whether it is adequate for a 
particular task or audience. Evaluative judgments about a document 
usually relate to some standard of excellence. The Writer's Workbench 
system makes such comparisons explicit. Measures from one document 
are compared to measures obtained from other documents. For in­
stance, evaluative comments about the readability of a text can be 
based on statistics derived from training or technical memoranda 
judged to be of high quality. The author is warned when the text being 
analyzed departs significantly from the standard documents. Ability 
to compare documents to various standards emulates an important 
component of human text judgments, and it is a distinctive feature of 
the Writer's Workbench system. 

2.4 User modifications 

Since it is not possible to anticipate the documentation needs of all 
users, programs should be modifiable. Three aspects of the programs 
can be adjusted by the user-standards, input, and output. For in­
stance, one program calculates statistics for variables derived from 
texts supplied by an author. These statistics can then be used as 
standards to evaluate features of the author's subsequent texts, such 
as percentage of passive sentences. Other programs allow adding or 
deleting words or phrases that are detected by spelling and word usage 
dictionaries. In addition, input can be modified to include or exclude 
lists from analyses, and output format and length can be changed by 
appending simple descriptors to commands. 
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2.5 Text location 

For authors to review exactly where language may have gone awry 
in a text, specific text locales must be identified. For instance, printing 
an average measure of sentence length is less useful for an author than 
printing sentences that exceed a specified length. Early work on 
identifying troublesome text locales for a reader was done by Koether 
and Coke. I4 Command options in the Writer's Workbench system 
provide summary statistics or review sentences that violate certain 
standards, such as length or word use. In the latter case, line numbers 
show where offending text can be found. This level of specificity is 
necessary if programs are to speed text revision. 

2.6 Information resources 

The Writer's Workbench system is intended to be informative rather 
than to make rigid decisions. Text statistics should be interpreted 
cautiously, and we suspect they will be used most effectively when an 
author can get advice related to those statistics. The Writer's Work­
bench system provides guidance, using information files, about word 
use, punctuation, and other features. Brief explanatory comments are 
also given in programs, with information about how to obtain more 
information. 

III. RATIONALE AND DESIGN 

''UNIX™ Writer's Workbench Software: Rationale and Design,"ll 
describes program architecture, and discusses at length the literature 
behind programs and their options. Current literature on writing is 
rich in descriptions of text patterns that characterize faulty expres­
sion,15 and contains descriptions of actions that a writer can take to 
correct those faults. These patterns and actions, which are the bases 
for program measures and recommended revisions, are described in 
the first part of the next paper. Next, the individual programs and 
their options are described. The programs are divided into those that 
proofread, those that comment on style, and those that comment on 
organization. Finally, features that help people use the programs­
human factors issues-are surveyed. 

IV. RESULTS OF A FIELD STUDY 

The Writer's Workbench system has been used in Bell Laboratories 
for over three years; currently it runs on over 100 UNIX systems. Bell 
Laboratories users have responded favorably to the programs, and 
many believe the programs improve writing skills. I6 

Of course, there are many environments in which language analysis 
programs might be used. "UNI~M Writer's Workbench Software: 
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Results of a Field Study,"17 describes data collected from program 
trials conducted outside Bell Laboratories. The two outside locations 
included one human factors organization and one technical writing 
organization. The groups were engaged in different writing tasks and 
the staffs had different computer experience. 

According to the field study, authors liked the detailed computer 
suggestions about how to revise their texts, and they were better able 
to detect errors with program help than without it. 

V. CONCLUSIONS 

The Writer's Workbench programs do not do everything humans 
do when evaluating text. They cannot determine whether important 
content is missing, nor do they assess format features or the meaning 
of texts, as humans would. Nevertheless, the programs speed editing, 
and they help detect features that authors might otherwise miss. 

Language analysis programs have many uses. Components of the 
Writer's Workbench system have been used for research; for instance, 
to derive general quantitative descriptions of text style and to relate 
these styles to text difficulty.I8 They have also been used, by various 
groups at Bell Laboratories, to help develop technical documents for 
new software systems and for writing technical memoranda. Programs 
could be used to obtain management information, for example, to 
monitor changes in documents across time, and to determine the 
match between skills of readers and the texts they must read. I9 Finally, 
the programs can be used for instruction to provide detailed feedback 
to students about the characteristics of their writing, or by an instruc­
tor to evaluate the effects of instruction on student writing. 

The Writer's Workbench programs have recently been used as an 
adjunct to a technical writing course sponsored by the Bell Laborato.­
ries Education Center. Such programs could be especially useful to 
authors whose native language is other than English. Use of language 
analysis programs in research, development, management, and in­
struction will no doubt grow as these programs increase in diversity 
and sophistication. 
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The UNlrM Writer's Workbench software is a set of computer programs 
that help with two stages of document production: evaluation and editing. 
These programs analyze prose documents and suggest improvements. There 
are several types of programs: those that proofread, analyze style, and reformat 
the text in new ways, and those that provide information about the English 
language. This paper first describes the rhetorical and psychological writing 
principles that underlie the Writer's Workbench programs. It then describes 
the major Writer's Workbench programs and how they judge writing, based 
on these writing principles. Finally, it presents the human factors principles 
used in the design and development of the Writer's Workbench system. 

I. INTRODUCTION 

The previous paper in this issue of the JournaF pointed out the 
growing need for automated language processing, that is, for tools to 
help authors write clearly and understandably. Such tools are espe­
cially important for technical writing where the content is precise and 
a reader's failure to unde!::;tand the text can be costly.2 This paper 
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describes how the UNIX Writer's Workbench software attempts to 
meet this need. 

The first major section of this paper describes the principles of good 
writing that are incorporated into the Writer's Workbench programs. 
Many of these principles are supported by research showing that, 
indeed, different writing styles make a difference to the reader. The 
next section describes the major Writer's Workbench programs and 
relates them to the principles. The last major section describes the 
user considerations that guided the design of the Writer's Workbench 
programs. 

II. SOME PRINCIPLES OF GOOD WRITING STYLE 

This section presents some principles of good writing style. Research 
suggests that text that violates these principles is more difficult to 
comprehend. These principles belong to the word, sentence, paragraph, 
or document level, but of course, some principles overlap categories. 

2.1 Word level 

There are several word level principles besides the obvious ones 
such as using and spelling words correctly. 

2.1.1 Wordiness 

Style guides usually advise writers to avoid hackneyed, empty, or 
frequently misused phrases, such as "at this point in time" and 
"notwithstanding the fact that." 

2.1.2 Definite, specific, concrete language 

Strunk and White3 remark that "the surest way to arouse and hold 
the attention of the reader is by being specific, definite, and concrete." 
They illustrate this principle by this pair of sentences, the first vague, 
the second concrete: 

A period of unfavorable weather set in. 
It rained every day for a week. 

Psychological research on memory and the imageability (ability to 
create an image) of words suggests that texts with many abstract 
words will be more difficult to remember, and presumably to under­
stand, than texts with concrete words.4

-
s 

2.1.3 Word frequency and length 

Coleman reported a high negative correlation between the average 
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frequency of content words in a passage and its difficulty to readers.9 
That is, texts made up of many infrequent words are difficult to 
comprehend. He also found that difficult passages contained more 
letters, syllables, and morphemes per word. Since frequency and length 
are highly correlated,lO these two effects are possibly one effect. In 
keeping with these findings, Klare recommends Anglo-Saxon-based 
words over Latin-based words in English since the Latin form is 
usually longer, as in "go" versus "proceed."ll 

2.2 Sentence level 

There are several obvious sentence-level principles, for instance, 
using correct punctuation and correct grammar. Some of the less 
obvious or more subjective principles are described below. These are 
not principles of right or wrong, but rather of better or worse. 

2.2.1 Passive voice 

One of the biggest writing problems, particularly in scientific writ­
ing, is the overuse of the passive voice. Historically the passive voice 
was used to indicate the objectivity of science and the scientist. The 
scientist did not state, "I found that ... ," but rather, "It was found 
that .... " This usage was dogma; as Einstein said, "When a man is 
talking about scientific subjects, the little word'!, should play no part 
in his exposition."12 

One problem with the passive voice in scientific materials is that its 
use has spread from obscuring "I" and "we" to many other cases as 
well, e.g., 

A variable-gain control is included in this circuit. 

Scientific objectivity is still served by stating: 

This circuit includes a variable-gain control. 

Perhaps because of a change in scientists' perceptions of their role,13 
or perhaps because of the difficulty of the passive style, many scientists 
and scientific editors14,15 now recognize and even promote the use of 
the active voice, including the use of first-person pronouns. 

Why should we avoid the passive voice? The rhetoric books describe 
it as "dron[ing] like nothing under the sun," wordy and unclear,16 and 
less direct and less vigorous3 than the active voice. It may indeed be 
all those things, but in addition, psychological research has shown 
that the active versions of a sentence are recalled better17 and verified 
faster.18 Scientific texts written in the third person passive, as "It was 
concluded that ... " are remembered less well and appreciated less 
than the same content written in the active voice.19 
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Kirkman20 took samples of scientific papers and rewrote the content 
in six different styles. He asked scientists and engineers to rate which 
version they found "most comfortable to read, easiest to grasp and 
simplest to digest." In three different surveys, he found they preferred 
"direct, active writing, with a minimum of specialist vocabulary, a 
judicious mixture of personal and impersonal constructions, short and 
uncomplicated sentences and liberal paragraphing." 

These data do not imply that passive voice should never be used; at 
times it is preferable to 

1. Emphasize the object of the sentence 
2. Vary the rhythm of the text 
3. Avoid naming an unimportant actor. 

EXAMPLE: The mail was delivered. 

However, the passive voice should be restricted to the useful and 
necessary cases, rather than used widely and indiscriminately. 

2.2.2 Nominalizations 

Nominalizations are nouns that have been created from verbs. They 
usually end in "ion," "ment," "ence," or "ance," e.g., "transformation," 
"establishment," and "admittance." The empirical case against using 
nominalizations is strong. Coleman21 found that individual sentences 
without nominalizations were remembered better than their nomin­
alized forms. A multiple-choice comprehension test on content failed 
to show a significant difference between the two versions. But on a 
memory task, subjects required significantly more exposures to mem­
orize sentences containing two nominalizations than to memorize the 
same content written in active-verb form. 

In a later experiment, Coleman 17 investigated ten different types of 
nominalizations and their active versions. He found that for those 
pairs of sentences in which the active version was phrased in two 
clauses and the nomirialized version in one, the active was memorized 
more quickly. For example 

ACTIVE: If he discusses the reason for the price-change, it 
will be appreciated. 

NOMINALIZED: His discussion of the reason for the price-change 
will be appreciated. 

Coleman21 took passages from a psychology text and rewrote all the 
nominalizations, passive sentences, and adjectivalizations (verbs 
formed from adjectives) into active sentences. (Coleman17 found no 
difference between adjectivalizations and their active forms.) He found 
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that students answered correctly 25 percent more questions from the 
rewritten texts than from the originals. In a similar experiment, 
subjects were asked to write the passages immediately after reading 
them. Subjects recalled the simplified passages significantly better 
than the originals. 

2.2.3 Expletives 

In grammar, the term expletive refers to a syllable, word, or phrase 
that adds no information. In particular "expletives" are words such as 
"it" or "there," which anticipate a later word or phrase. Thus, in 
"There are three solutions to this puzzle," "There" is an expletive 
anticipating "solutions." 

Many times such expletives can be deleted, e.g., "This puzzle has 
three solutions," although sometimes they cannot, e.g., "It is raining." 
Although no research demonstrates that expletives make text more 
difficult, Brogan22 argues that when the expletive deemphasizes the 
main verb inappropriately, the sentence should be changed. For in­
stance, 

It is this necessity that adds to their complexity. 

can be changed to 

This necessity adds to their complexity. 

making "adds" more salient. 

2.3 Paragraph level 

2.3.1 Readability 

The readability or reading grade score for a text predicts how many 
years of schooling a reader would need to understand it. (Units other 
than years of schooling are sometimes used.) The prediction is usually 
based on the length of the words in the text and the length of the 
sentences. Different readability formulas calculate the lengths differ­
ently and weight the factors differently. 

As we mentioned in the previous section, the length of a word 
(highly related to its frequency) predicts its difficulty. Sentence length 
is related to sentence type, with complicated sentences usually con­
taining more words than simple ones. Readability formulas predict 
reasonably well the difficulty of the text, not because sentence length 
and word length cause reading difficulty, but because they are highly 
correlated with features such as complexity and frequency, which do. 

As with any predictor, these formulas can be fooled. The Dale-ChaIl 
formula23 takes vocabulary items into consideration, but most formulas 
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do not and will provide incorrect readability scores for nonsense text. 
All the formulas will give the same values for text with the sentences 
input backwards or forwards. But, in general, the formulas give a 
reasonable prediction of text difficulty when presented with naturally 
written text. 

Unfortunately, research has shownll that the comprehensibility of 
the text is not necessarily improved, although the reading grade score 
is, by simply shortening words and sentences. The best way to improve 
the comprehensibility of a text is to rewrite it following the principles 
of good writing. 

2.3.2 Variation 

In writing, as in most fields of endeavor, moderation is best. The 
previously described principles are not absolutes; some passives and 
nominalizations are reasonable, and in fact, variation in sentence 
length, structure, and type is necessary to make writing interesting 
and keep the reader's attention.13 There are other more important 
reasons to vary sentence type, which usually varies length as well. 

Writing instructors suggest that less important ideas should be 
grammatically subordinated to more important ones so that the gram­
matical structure emphasizes the logical structure. Two simple sen­
tences can be joined by using a "that" clause or an adverb, such as 
"although," to subordinate one to the other. The less important 
sentence should be in the subordinate clause after the "that" clause or 
adverb. For example, the following sentences: 

1. The short, simple sentence is the most comprehensible form for 
an individual sentence. 

2. Overusing such sentences may make a document seem disjointed. 
can be combined: 

Although the short, simple sentence is the most comprehensible 
form for an individual sentence, overusing such sentences may 
make a document seem disjointed. 

The combined sentence subordinates sentence (1) to sentence (2), thus 
emphasizing that the information in sentence (2) is more important 
than that in sentence (1). 

2.4 Document level 

2.4.1 Organization 

Most books on writing recommend that the first sentence of each 
paragraph present the topic of the paragraph or else provide a transi­
tion from the previous paragraph into a new topic.3

,13 If, for most 
paragraphs, the first sentence reflects the topic, then these sentences 
give the reader a reliable signpost to the meaning. Headings also 
provide signposts to topics and topic changes. A paper with good 
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headings and topic sentences can be skimmed easily and quickly, and 
even the person who reads every word will find it easier to follow. 

2.4.2 Audience considerations 

Style books strongly advise writers to know their audience and to 
write for them. This is particularly important for materials such as 
instruction manuals, which the reader needs to understand. Writing 
for the reader extends from questions of vocabulary and sentence 
structure to content and organization. For content and organization, 
Flower24 gives particularly thorough advice. 

III. PROGRAMS 

Until recently, students of writing could use only books and teachers 
to help them. This has slowly been changing with the advent of 
computer programs to do some of the work. Most programs, however, 
have focused solely on checking and correcting spelling.25 Several 
readability indices have also been automated, but in general, wire 
services, magazines, newspapers, and businesses still do not analyze 
their text with the computer, although it is often stored and edited in 
a computer. 

Although not yet in widespread use, several text analysis "systems 
do exist. Besides the Writer's Workbench programs26,27 to be described 
here, other systems include EPISTLE,28 an IBM project still in the 
research stage; JOURNALISM,29 a University of Michigan syst.em 
that provides feedback to journalism students; and CRES,30 a Navy 
system to help improve the quality of technical manuals and traininf. 
materials. The EPISTLE system is a business office system that will 
abstract the contents of incoming letters but will also correct gram­
matical errors in outgoing letters. JOURNALISM provides some 
proofreading, but because it is programmed with specific knowledge 
about the articles it evaluates, it is able to comment on the organization 
and content as well. CRES calculates the readability score for the 
text, flags uncommon and misspelled words and long sentences, and 
suggests simple replacements for difficult words and phrases. 

The rest of this section describes some of the Writer's Workbench 
programs, focusing on those that most strongly reflect the principles 
discussed in Section II. 

3.1 Proofreading: proofr 

The most useful Writer's Workbench programs are in some ways 
the least interesting. Every writer can use proofreading help, since as 
we become more familiar with a piece of writing we become poorer at 
spotting errors in it. 

The proofreading program, proofr, invokes five separate programs. 
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A three-line example of input text and its proofr output are shown in 
Fig. 1. Each of these five programs can be run individually, but are 
more conveniently run as a package. When run separately, some of 
the programs have capabilities not found when they are run as part of 
proofr. Each separate program will be discussed in turn. 

3.1.1 Spelling: spel/wwb 

The spellwwb program, a spelling checker based on the UNIX system 
spell program,31 allows users to have a personal dictionary of words. 

INPUT: Our report, ·The Basic Fundamentals ofOrganizatonal Complexity', 
is enclosed. Please ,cnd any recomended changes at your 
earliest convenience. thanks. 

PROOFR - ......... ---- SPELLING •• _._--.. ....... _ •• 

OUTPUT: Possible spelling errors in examplefile are: 

Organizatonal rccomended 

If any of these words are spelled correctJy, later type 
speUadd wordl word2 ." wordn 

to have them added to your spelldict file . 

........................... PUNCTIJATION ......................... .. 

The punctuation in cxamplefile is first described. 

2 double quotes and 0 single quotes 
o apostrophes 
o left parentheses and 0 right ones 

The program next prints any sentence that it thinks is incorrectly 
punctuated and follows it by its correction. 

line I 
OLD: Our report, 'The Basic Fundamentals of Organizatonal Complexity', 
NEW: Our report, 'The Basic Fundamentals of Organizatonal Complexity,' 
line 3 
OLD: earliest convenience. thanks. 
NEW: earliest convenience. Thanks. 

For more information about punctuation rules, type: 

punctrules 

.......................... DOUBLE WORDS •••••••••••••••••••••••••• 

For file examplefile: 

No double words found 

••••••••••••••••••••••••••• WORD CHOICE ••••••••••••••••••••••••••• 

Sentences with possibly wordy or misused phrases are listed next, 
followed by suggested revisions. 

beginning line I examplefile 
Our report, 'The .[ Basic Fundamentals]· of Organizatonal Complexity', 
is enclosed. 

beginning line 2 examplefile 
Please send any recomended changes .[ at your earliest convenience]·. 

file examplefile: number of lines 3, number of phrases found 2 

Table of Substitutions 

PHRASE SUBSTITUTION 

at your earliest convenience: use ·soon· for· at your earliest convenience· 
basic fundamentals: use ·fundamentals· for· basic fundamentals· 

••••••••••••••••••••••••• SPLIT INFINITIVES ••••••••••••••••••••••••• 

For file examplefile: 

No split infinitives found 

Fig, I-Input to and output from proofr program, 
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The program searches the input text and prints all words that are not 
in its dictionary or the user's dictionary. 

In addition, the spellwwb program can be used interactively to 
correct spelling errors. The spellwwb program prompts the user with 
each possibly misspelled word. Responding to each, the user can: 

1. Find all lines on which it appears in the file 
2. Invoke another program to try to determine the correct spelling 
3. Tell the program how to change the spelling 
4. Leave it as it is 
5. Save it in a personal dictionary of correct words. 

The user can also specify that certain misspellings always be changed. 
For instance, a poor speller might store the correction "relevant" for 
"relevent." Then spellwwb makes all specified corrections and updates 
the user's personal spelling file. 

3.1.2 Punctuation: punct 

The punct program searches for simple punctuation errors. It rec­
ommends changes to: 

1. Move commas and periods to the left of double quotes, and move 
semicolons and colons to the right of double quotes 

2. Capitalize the first letter of sentences 
3. Balance double and single quotes and parentheses. 

The program enforces straightforward rules, not ones that require 
judgment, such as deciding whether a comma or semicolon is the 
appropriate mark. When punct finds an error, it prints the original 
line, followed by its correction of the line. 

Some of the rules punct enforces are unfamiliar to many people, 
such as the relative position of double quotation marks with other 
marks of punctuation. Nevertheless, they are accepted standards of 
American English. The punct program directs a user who has made 
punctuation errors to use the program punctrules, which provides a list 
of pertinent punctuation rules. The user, thus, has easy access to 
reference information, which can be used to decide whether the sug­
gested changes are appropriate. 

3.1.3 Consecutive occurrences of the same word: double 

Using context line editors for editing text increases the chance of 
having the same word twice in a row. The double program locates 
consecutive occurrences of the same word, which can be split across 
two lines. 

3.1.4 Wordy phrasing: diction 

The diction program, described by Cherry,32 searches a text file for 
phrases that writing experts have classified as wordy or frequently 
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misused. The latest version of its dictionary also contains some phrases 
that may reflect a sexual bias. The program prints sentences contain­
ing such phrases and surrounds them with stars and brackets (*[ ]*). 
It then recommends substitutions for these phrases. For instance, for 
the phrase, "bring to a conclusion," it recommends using "conclude," 
"end," or "finish." 

Users should have the flexibility of tailoring the word list to their 
environment. In general, "end," "stop," or "finish" may be good choices 
for "terminate," but for many people writing about software, "termi­
nate" is the appropriate word. Such a user can direct the program to 
stop searching for "terminate" by creating a personal dictionary. 
Having a private dictionary of extra terms and suppressed terms 
increases the usefulness of the diction program. 

3.1.5 Split infinitives: splitinf 

The splitinf program uses a "parts of speech" analysis program, 
parts,33 to find infinitives that are split by adverbs. Such split infini­
tives as in "to quickly decide" are the most common type. Since users 
may be unfamiliar with this error, those whose papers contain split 
infinitives are told to use splitrules, which will print grammatical 
information about split infinitives. 

3.2 Stylistic analyses 

The stylistic analysis programs provide information whose interpre­
tation is less concrete than that given by the proofreading programs. 
Hence, the information is more difficult to use; following the advice 
faithfully can require a considerable amount of time. 

3.2.1 Tabular stylistic information: style 

The style program,32 based on parts, provides 71 numbers describing 
the stylistic features of a text. The most important variables it reports 
are several readability indices (described more fully by Cherry32), 
information on the average length of the words and sentences, the 
distribution of sentence lengths, the grammatical types of sentences 
used, e.g., simple and complex, the percentage of verbs in the passive 
voice, the percentage of nouns that are nominalizations, and the 
number of sentences that begin with expletives. 

The style output for this article, shown in Fig. 2, is more useful for 
research on the style of documents, however, than for helping inex­
perienced writers improve their writing style. The style table is difficult 
for many writers to interpret because 

1. Users may not know the meaning of some terms, e.g., "expletive" 
and "nominalization." 

2. Users frequently do not know whether the numerical values 
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readability grades: 
(Kincaid) 11.3 (auto) 12.6 (Coleman-Liau) 13.1 (Resch) 13.2 (48.8) 

sentence info: 
no. sent 240 no. wds 4636 
av sent leng 19.3 av word Icng 5.18 
no. questions I no. imperatives 0 
no. content wds 2734 59.0% av leng 6.72 
short sent «14) 24% (58) long sent (>29) 9% (22) 
longest sent 64 wds at sent ISO; shortest sent 4 wds at sent 70 

sentence types: 
simple 42% (101) complex 38% (92) 
compound 7% (16) compound-complex 13% (31) 

word usage: 
verb types as % of total verbs 
tobe 32% (170) aux 16% (85) inf 17% (89) 
passives as % of non-inf verbs 14% (63) 
types as % of total 
prep 10.5% (487) conj 3.8% (177) adv 4.2% (197) 
noun 28.0% (1296) adj 17.2% (797) pron 4.7% (220) 
nominalizations 2 % (90) 

sentence beginnings: 
subject opener: noun (48) pron (28) pos (I) adj (35) art (57) tot 70% 
prep 13% (32) adv 6% (IS) 
verb 1% (3) sub_conj 6% (14) conj 2% (5) 
expletives 1% (2) 

Fig_ 2-Style program output for this paper. 

should be high or low, even for terms that are probably familiar, such 
as "complex sentence." 

3. Users who know enough to minimize or maximize the use of some 
construction still do not know what numerical value is appropriate. 

3.2.2 Interpreted stylistic analysis: prose 

The prose program goes beyond the style program by providing the 
style statistics and an interpretation as well. The prose program 
compares the style values of the user's text against a set of standards 
and describes the differences in a two-to-three page output written in 
English sentences. A section of prose output is shown in Fig. 3. 

Several sets of standards for comparison are available since texts 
are written for different types of readers and for different purposes. 
Users select which set of standards should be used in the interpretation 
of their text. Currently there are built-in standards for technical papers 
and prose training materials. These standards were set as follows. 
Department heads in the Bell Laboratories basic research area were 
asked to identify the best technical writers in their departments. These 
people were, in turn, asked to identify their best written technical 
documents (content aside). This process yielded twenty-eight docu­
ments. An editor in a Bell Laboratories training department provided 
34 documents that he judged to be particularly well written. The 
technical and training documents were then run through the style 
program. The means and standard deviations of each of the style 
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SENTENCE STRUcrURE 

Passiv~J 

This text contains a much higber percentage of passive 
verbs (44.0%) tban is common in good documents of this 
type. The score for passive verbs should be below 28.6%. 
A sentence is in the passive voice when its grammatical 
subject is the receiver of the action. 

PASSIVE: Tbe ball was hit by tbe boy. 

When the doer of the action in a sentence is the subject. 
the sentence is in the active voice. 

ACTIVE: The boy hit the ball. 

The passive voice is sometimes nceded 

1. to emphasize the object of the sentence, 

2. to vary the rbythm of the text. or 

3. to avoid naming an unimportant actor. 

EXAMPLE: The appropriations were approved. 

Although passive sentences arc sometimes nceded. 
psychological research has shown tbat tbey are harder to 
comprehend than active sentences. Because of this, 
you should transform as many of your passives to 
actives as possible. You can use tbe style program to find 
all your sentences with passive verbs in them, by 
typing the following command when this program is 
finisbed. 

style -p filename 

Nomi1Wlizations 

You have appropriately limited your nominalizations 
(nouns made from verbs, e.g., ~description~). 

Fig. 3-Section of prose program output for a poor paper. 

variables were computed for each document set. These means and 
standard deviations now make up the standard for that document 
type. When the value of a user's variable is more than one standard 
deviation from the mean of that standard, prose recommends changes. 
The mkstand program can be used to create additional standards from 
a set of documents. This flexibility allows any writing group to tailor 
the standards for its particular audience. 

If any of the input text's values is more than one standard deviation 
from the selected standard, prose explains why this may make the 
document hard to comprehend and how to rewrite the text to remove 
the problem. If scores on a variable are acceptable, and the variable is 
an important one, prose tells the user that the text achieved an 
appropriate score. 

3.2.3 Stylistic problems in context: findbe 

Although the style program can isolate individual sentences that 
contain passive verbs, expletives, or nominalizations, it is frequently 
difficult to know which sentences to change and how to change them 
without seeing the surrounding context. The findbe program automates 
part of a prescription for revision given by Lanham, who tells the 
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revisor to circle all forms of the verb "to be" and to try to replace 
them.34

,35 This advice agrees with some of the information presented 
earlier since "to be" occurs with passives, e.g., 

The difficulty of the passive voice IS disregarded by many writers. 

with many nominalizations, e.g., 

Coleman's discussion of nominalizations IS comprehensive. 

and with expletives, e.g., 

There ARE many ways to avoid expletives. 

The findbe program underlines and capitalizes all forms of "to be." 
The text is then formatted as usual, providing the user with a paper 
that is easy to read, since all sentences are in context and problem 
areas are highlighted. This turns out to be a useful way of looking at 
the first draft of a paper. 

3.2.4 Checking text abstractness: abst 

The abst program36 indexes the conceptual abstractness of the input 
text. Abstractness is defined here as the percentage of words in the 
text that also occur on a list of 314 words rated as abstract in 
psychological research. 

When the percentage of abstract words is over 2.3 percent, the 
program suggests that concrete examples be introduced to make the 
document more understandable. (This cutoff was derived from the 
collection of good documents used to develop the prose standards.) 
The abstract words found in the text are saved in a file for the user to 
review. 

3.3 Organization 

3.3.1 Judging organization: org 

The organization of a text is important since an appropriate struc­
ture makes it more comprehensible. For a computer program to analyze 
the organization of a text fully, it would need to abstract the content. 
Without a parser for English, or some other way of interpreting the 
meaning of a text, our programs cannot give feedback on the quality 
of the content and organization. 

The org program, however, was designed to give a writer a different 
perspective on a text as an aid in evaluating its organization. The 
program formats the text and preserves headings and paragraph 
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boundaries, but prints only the first and last sentence of each para­
graph. 

For writers who follow the traditional topic sentence and concluding 
sentence format for paragraphs, the output can be a good abstract of 
the paper. Even for writers with a more casual style, seeing the overall 
structure of a long paper can help to improve it. 

IV. USER CONSIDERATIONS 

In discussing human-computer interactions, two issues should be 
considered: the ease of using the programs and the quality of the 
computer's responses.37 This section will describe how the Writer's 
Workbench system attempts to optimize both aspects of the interac­
tion. 

4.1 User interactions 

4.1.1 Program power 

Perhaps the most important organizational decision made was to 
design the Writer's Workbench system hierarchically. One command, 
wwb, runs the most commonly used programs, the proofreading pro­
gram, proofr, and the English-language stylistic program, prose. The 
wwb program is easily remembered as the acronym for the Writer's 
Workbench system, and so the casual user of the system finds the 
system simple to access. 

For the experienced user of the Writer's Workbench programs, proofr 
and prose can be used individually, as can the separate components of 
proofr, thus allowing such users all the power they need. For one 
program, proofr, there is an alternate spelling, proofer, because based 
on the pronunciation it was often misspelled this way. 

Many of the programs allow users to have their own dictionaries to 
tailor the output. Rather than requiring the users to type the names 
of the dictionaries as part of the command line, these programs use a 
particular file if it exists. Of course, users can still override this when 
they choose. Furthermore, commands were created to add words to 
these dictionaries, rather than requiring the users to edit them and 
keep them in sorted order. Thus, casual users can create personal 
spelling dictionaries and access them automatically with just two 
commands. 

4.1.2 Documentation 

For new users, there is now a substantial amount of paper documen­
tation that describes the programs, how to use them, and their relation 
to good writing. But because users frequently do not own the paper 
documentation or do not have it near them, there are many on-line 
aids as well. 
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As with all UNIX system commands there are manual pages for 
each Writer's Workbench program, which are helpful to experienced 
UNIX system users. For the casual user, there is an on-line introduc­
tory system, which describes the uses of each Writer's Workbench 
program command. 

Two other commands give on-line help. The wwbinfo command 
provides a list of all the commands and their functions. The wwbhelp 
command takes a key word as an argument and lists all the programs 
that have anything to do with that key word. These are words such as 
the following: "syllable," "prose," "passive," "sentence," and "organi­
zation." 

Each Writer's Workbench program can also be run with a "flags" 
option, which prints that program's format and options. Further, since 
many of the programs have default options, these options are also 
echoed back with the user-specified options, as described in Section 
4.2.2. 

Finally, the output of many of the programs suggests other programs 
that would be useful. These suggestions are based on the analyses of 
the input text, and can thus remind users of programs that are useful 
for that text. For instance, users with spelling errors are told how to 
add correctly spelled words to their personal spelling dictionary, and 
the prose output suggests other appropriate programs. For example, 
users with too many passives are told how to find all sentences with 
passive verbs by using the style program. 

4.2 Computer responses 

What users have to remember and what they have to type are 
certainly important variables to consider when evaluating a system. 
But the quality of the messages the computer provides is also impor­
tant. 

4.2.1 Output length 

The Writer's Workbench programs have attracted many new UNIX 
system users. For such users, the traditional "silence" of UNIX system 
commands is unfriendly,38 e.g., if the spell command finds no mis­
spelled words it simply stops, and the user receives a prompt (not a 
pat On the back). This silence is exactly what the regular UNIX system 
user wants, as McIlroy states, "Canned chitchat, like the plastic 
announcements on airplanes, may please newcomers, but it annoys 
old hands."39 The obvious problem is that regular and casual users 
share machines, and what is right for one is frustrating for the other. 

The first versions of most of the Writer's Workbench programs 
were verbose, irritatingly so, for experienced UNIX system users. We 
added "-s" options (for short) to most programs, which removed the 
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chitchat and most of the "pats on the back." Recently, we changed all 
the programs so that users can specify once what length of output 
they want in the future. Since expert users are best able to change 
this default, users who do not specify any length receive the long 
version. 

4.2.2 Feedback 

The Writer's Workbench programs inform the user when the pro­
gram has started. Even experienced users may want reassurance that 
everything is proceeding on a heavily loaded system. Most commands 
echo the command line and include any options that were not chosen 
by the user but came about through default. This gives users a record 
of the exact command run; it may also remind them that they do not 
want a particular default, and it may alert them to options they did 
not know existed. 

The Writer's Workbench programs cannot correct incorrect entries, 
but they try to provide complete, informative, and accurate error 
messages. 

4.3 Needed improvements 

To date, proofr is a major proofreading package, geared toward users 
who print the output on paper and make any recommended changes 
themselves. Since the output refers to a text problem by labeling it 
with the line number in the unformatted file, a user who has someone 
else type the text and only has the formatted output does not find 
these line numbers useful. For users with CRT display terminals, the 
output can be too lengthy to fit in the terminal's memory so that by 
the end of the program the first part of the output has disappeared. 
This makes it difficult to notice all the problems and change them. 

Weare currently designing two new versions of the proofr program. 
A version for word processing center customers will provide all the 
proofreading comments superimposed on the formatted output. For 
CRT users, we plan a completely interactive version, which will move 
linearly through the file and display possible corrections for the user 
to accept or ignore. 

v. SUMMARY 

This paper described some principles of good writing and some 
experimental results that show that readers prefer writing that em­
bodies these principles and find it easier to understand. The paper 
then described a set of computer programs called the UNIX Writer's 
Workbench software. These programs help a writer isolate problems 
with general style as well as with individual sentences, phrases, and 
words. The final section of the paper described some of the human 
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factors principles that guided the design of the programs. The following 
paper in this journal40 will describe the reception of the Writer's 
Workbench programs at Bell Laboratories and at two trial locations. 
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This paper describes a study in which the UNI)(fM Writer's Workbench 
software was used by writers to analyze and revise the texts they wrote. For 
ten weeks, two groups of writers were observed: those for whom writing was 
their principal activity, and others for whom writing was only one of their 
responsibilities. These participants used the Writer's Workbench programs to 
produce documents related to their jobs. The results indicate that both types 
of writers can use the programs without changi~g their accustomed modes of 
operating. Writers found the programs helpful; they liked the immediate 
feedback the programs provided and the detailed suggestions on how to revise 
their texts. In addition, when editing prepared texts, writers found more errors 
using Writer's Workbench output than when they had no output available. 
Finally, participants thought they spent less time editing their documents 
when they used the Writer's Workbench programs, although total time spent 
on writing and editing did not change. 

I. INTRODUCTION 

The UNlxt Writer's Workbench software was developed in two 
major stages. The first version of the system contained 23 programs 
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ranging from those that searched for proofreading errors to those that 
summarized stylistic features. These programs were used within Bell 
Laboratories for nearly a year, during which time data were collected 
on patterns of program use. A second, expanded version was then 
developed to reflect the experience gained from the first version. 

To date, there is little formal evidence about user interaction with 
Writer's Workbench programs. We monitored the program on eight 
UNIX systems and observed that the programs were used most when 
they first became available, and then later they were used on a 
constant, but less frequent basis, amounting to an average of six to 
seven program runs per week per user. Informal discussions with users 
indicated that the peaks in use were due to users experimenting with 
a variety of input texts, good and poor, to evaluate the potential of the 
programs. Once they understood the potential, use dropped to a more 
normal level. 

The present study examined the way experienced writers at two 
Bell System locations used the Writer's Workbench programs as a 
tool in performing their jobs. We were interested in examining how 
using the programs affected people's attitudes toward the system, the 
documents they write, and their modes of writing. 

The Writer's Workbench programs provide feedback about many 
characteristics of writing. But do writers want the feedback? Which 
programs are used most often? Does using the programs make a 
difference in the way people write or in their attitudes about what 
constitutes good writing? How might the programs be modified to 
make them more useful to writers? This study was the first attempt 
to address these issues systematically. 

II. FIELD STUDY 

2.1 Background of the participants 

Fourteen participants from each of two Bell System locations took 
part in the study. The 14 participants in Group 1 were course devel­
opers and instructors with a mean of 10.5 years service in the Bell 
System, and most had been in their current jobs between one and 
three years. Forty-three percent of the Group 1 participants had 
completed four years of college. Before the study began, these partic­
ipants said they spent about 75 percent of their time writing and 
editing documents. 

Of the 14 participants in Group 2, 11 were technical staff and 3 were 
clerks. For the technical participants, writing documents was only one 
of many job responsibilities; prior to the study, they reported spending 
about one-third of their time writing and editing documents. They 
also helped to design, develop, and assess systems. The three clerks 
were included because they processed documents for three managers 
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from whom we collected data. The technical participants had a mean 
of 13.6 years service in the Bell System, and most had been in their 
current jobs between one and three years. Sixty percent· of these 
participants had completed four years of college, and half of those had 
master's degrees. All three managers had completed four years of 
college; none of the clerks had. 

The two groups of writers differed in their approaches to writing 
documents and their knowledge of the UNIX operating system. Group 
1 participants were more knowledgeable about the UNIX system and 
more inclined to compose, edit, and complete drafts on the terminal 
without the services of clerks. Such differences between groups could 
lead to different patterns of using the Writer's Workbench system. 

2.2 Design of the study 
2.2.1 Trial procedures 

The study included two days of training, a one-week period for 
practice using the Writer's Workbench programs, and 10 weeks of 
using the programs in normal work activities. 

During the two-day training sessions, participants completed ques­
tionnaires, learned about the Writer's Workbench system, and then 
used the programs. After we trained the participants, we tested them 
for mastery of 11 important concepts of the Writer's Workbench 
system, including characteristics of a document's style, specific pro­
gram functions, and program options. Our training successfully con­
veyed the hierarchical arrangement of the major Workbench com­
mands and the most frequently used options. Participants did have 
difficulty, however, in naming specific commands for given functions, 
perhaps because they had not yet used all the commands. All the 
commands, however, were explained during training. 

After the training was completed, participants were encouraged to 
explore the Writer's Workbench programs during one week of warm­
up before the official on -line record keeping began. We provided 
structured exercises that participants could use to run each program, 
as well as a handbook that contained a tutorial introduction to the 
Writer's Workbench programs, and documentation describing each 
program. 

For the next 10 weeks participants used the Writer's Workbench 
programs. We gave them guidelines, which suggested primary pro­
grams to run on each document they wrote, and we encouraged them 
to use additional programs as well. 

2.2.2 Data collection instruments 

2.2.2.1 Questionnaires. Participants completed questionnaires be­
fore the study began, at the midpoint, and after the study ended. 
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These questionnaires gathered demographic information about the 
participants, assessed their attitudes toward computers, and deter­
mined characteristics of their type of work and mode of writing. Some 
questions recurred on two or three of the questionnaires to measure 
changes in attitudes and modes of operating. 

2.2.2.2 On-line data collection. Every time a Writer's Workbench 
program was run, the program automatically recorded its name, the 
date and time, who ran it, and the name of the text file it analyzed. 
Some programs, such as the prose analysis programs,l·2 also saved data 
about the text characteristics. We used this information to describe 
program use across time and also to note changes in text files. 

In addition, an interactive program prompted users to rate the 
helpfulness of each program's output on a five-point scale. These data 
were collected to determine users' opinions of how well the programs 
analyzed each text file. 

2.2.2.3 Revision tasks. During the study, participants completed four 
document revision tasks, which involved editing in ten minutes a 300-
word passage containing planted errors. Each participant edited the 
four different passages once. Each passage appeared equally often in 
the following sessions: 

Session 1. Edit one passage before training begins (no Writer's 
Workbench program output). 

Session 2. Edit one passage immediately after training (no Writer's 
Workbench program output). 

Session 3. Edit one passage at the end of the study. (Appropriate 
Writer's Workbench program output was attached to each passage.) 

Session 4. Edit one passage three weeks after the end of the study 
(no Writer's Workbench program output). 
These revision tasks provided a controlled environment in which to 
compare the participants' ability to improve a text at various stages 
of the study. 

2.2.2.4 Interviews with participants. Each participant was interviewed 
for 25 minutes at the end of the study. We asked 11 general questions 
to elicit the participants' comments on how they used the Writer's 
Workbench programs and what they liked most and least about the 
system. 

2.3 Results 

2.3.1 User acceptance of the programs 

We examined user acceptance of the Writer's Workbench programs 
in several ways. Program use was recorded automatically, and follow­
ing each use, participants rated the helpfulness of the output. In 
interviews, participants also reported what they liked least and best 
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about the system. We found no significant difference in the way the 
two groups of participants used the programs or their acceptance of 
them. Consequently, their data were combined in most of the following 
sections. 

2.3.1.1 Program use. Although the way participants used the pro­
grams varied greatly, on the average they ran about six programs a 
week. 

Table I shows the number of times each program was run during 
each week of the study. The wwb program, along with its two compo­
nents proofr and prose, and the spellwwb program were run most often. 
Use of the programs diminished over the course of the study, but use 
of the informational "help" programs, such as punctrules and wwbinfo, 
dropped to zero S0me weeks before the end of the study. It seems that 
participants used the "help" programs only as they learned about the 
Writer's Workbench programs. 

2.3.1.2 Helpfulness ratings. Participants rated the helpfulness of the 
output each time they ran a Writer's Workbench program and gener­
ally found the programs helpful. The average rating was 3.8 on a scale 
of 1 (not helpful) to 5 (very helpful). The wwb and prose programs, 
those most frequently used by Group 1 and Group 2, respectively, had 
average ratings of 4.0 and 3.7 on the helpfulness scale. Table II shows 
the mean rating for each program by group. 

2.3.1.3 What participants liked best. During the final interviews and 
on questionnaires, many participants said that the Writer's Work­
bench programs were most valuable because they gave immediate, 
objective criticisms on concrete problems in their text. They liked the 
advice from the proofr component because they found it accurate and 
complete. 

For the prose component, participants reported that they felt the 
advice was objective and specific, but they often were not sure of how 
to make the changes it suggested. Nevertheless, many participants 
reported that the stylistic information from prose was an improvement 
over the often vague advice and subjective opinions of human review­
ers. 

Participants commented on three other general aspects of the Writ­
er's Workbench system. First, it saved time (both by the speed with 
which it reviewed text and by eliminating delays caused by looking for 
a colleague to review the document). Second, it was completely private, 
giving the writer a chance to improve the document before anyone 
else saw it. Third, participants reported they were more aware of 
principles of good writing and of how to change their style to suit the 
purpose and audience of a particular document. 

2.3. 1.4 What participants liked least. Two criticisms of the programs 
surfaced during final interviews and from questionnaire responses. 
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Table I-Average individual program use during training, warm-up week, and trial weeks 
Week of Trial ..... Program CD TR WU 1 2 3 4 5 6 7 11t ..... 8 9 10 Total 

0l=Io 
wwb programs 

-I *wwb 128 111 52 43 29 22 22 38 22 21 6 9 9 512 
I proofr 11 29 14 15 3 6 7 8 3 1 0 2 0 99 m 

spellwwb 22 58 11 27 13 10 20 42 20 10 20 5 4 262 
OJ punct 17 10 2 0 0 1 0 1 2 0 0 0 0 33 m 
r- double 9 4 0 3 1 1 0 0 1 0 0 0 0 19 
r- dictplus 0 3 2 6 2 0 2 0 1 0 0 1 0 17 
V"l diction 0 4 2 0 0 1 0 0 4 0 0 3 1 15 -< 
V"l suggest 1 23 21 0 1 1 7 10 0 0 0 0 4 68 
-I splitinf 0 2 0 0 0 0 0 0 0 0 0 0 0 2 m 
~ prose 44 47 22 25 9 8 31 7 9 13 2 4 0 221 

parts 1 4 1 1 1 0 2 0 1 1 0 0 0 12 
-I style 32 27 13 5 9 5 23 5 5 3 3 2 6 138 m 
(") 

Help programs I 
Z spelltell 9 3 2 8 2 1 1 6 8 0 0 0 0 40 
n word use 14 22 17 6 5 11 16 8 2 1 0 0 5 107 
» punctrules 6 5 0 0 1 0 0 0 0 0 0 0 0 12 
r- splitrules 6 3 1 0 1 0 0 1 0 0 0 0 0 12 

0 wwbhelp 16 8 2 1 1 0 1 0 0 0 0 0 0 29 
C wwbinfo 26 4 1 2 1 1 2 0 0 0 0 0 1 38 
;;0 wwbstand 10 4 0 1 1 1 1 2 1 0 0 0 0 21 
Z Other programs » r *abst 10 12 3 53 12 0 0 13 1 2 0 0 0 106 

*acro 5 7 2 0 1 3 0 0 0 2 0 0 0 20 
C chunk 0 4 1 1 0 2 1 0 0 1 0 0 1 11 
r- dictadd 9 17 7 2 0 1 0 2 4 0 0 3 0 45 -< 
I *findbe 16 26 12 12 4 0 3 2 3 2 0 1 2 83 » match 4 4 0 2 3 0 3 0 2 1 1 3 1 24 

C org 2 3 0 1 1 0 5 0 0 1 0 0 2 15 C) 
C *sexist 10 45 6 22 2 1 0 1 0 1 0 0 0 88 
V"l spelladd 20 13 6 10 0 28 2 7 1 0 0 0 0 87 
-I syl 4 1 1 3 0 0 0 0 1 0 0 0 0 10 

1.0 
topic 0 2 1 1 0 0 1 0 0 1 0 0 0 6 

co wwbmail 6 3 5 11 2 1 1 2 4 1 0 0 0 36 
\..V 

Total 438 508 207 261 105 105 151 155 95 62 32 33 36 2188 

* Programs whose use was highly recommended in the trial guidelines. 
t Week 11 includes only use by Group 1. 



Table II-Users' ratings of Writer's Workbench programs 
Group 1 Group 2 

Mean Rating Number of Mean Rat- Number of 
of All Partici- Program ing of All Program 

Program pants Runs Participants Runs 

wwbhelp NR* 0 5.0 3 
punct 3.0 4 5.0 2 
splitrules 3.5 2 5.0 1 
punctrules NR 0 5.0 1 
spelladd 3.6 41 4.9 12 
wwbinfo NR 0 4.7 6 
sexist 3.0 7 4.7 33 
spelltell 2.0 3 4.7 23 
wwbmail NR 0 4.6 28 
spellwwb 3.9 123 4.4 56 
dictplus NR 0 4.4 14 
double NR 0 4.2 6 
worduse 3.3 43 4.1 27 
wwb 4.0 156 3.9 92 
proofr 4.0 3 3.9 41 
prose 2.5 12 3.8 94 
abst 2.1 16 3.7 67 
style 4.0 42 3.7 23 
wwbstand NR 0 3.6 7 
aero 2.7 3 3.6 5 
findbe 3.1 21 3.4 8 
dictadd 3.4 9 3.4 8 
match 2.5 8 3.0 4 
topic 4.0 1 3.0 2 
org 2.9 8 3.0 2 
parts 2.3 4 2.7 3 
chunk 1.0 3 2.7 3 
syl NR 0 2.3 4 
diction 2.4 8 2.0 34 
suggest 2.9 42 NR* 0 
splitinf NR 0 NR 0 

Average (Total) 3.6 559 4.0 578 

* NR means no rating. 
NOTE: The number of ratings does not agree with the number of programs run 

shown in Table V because participants did not begin rating program output until after 
the warm-up week. Also, some end data was not incorporated from the last week. 

First, some participants reported that they found it difficult to apply 
the advice they received from the prose and diction programs. They 
either were unfamiliar with the principle the program checked or were 
unsure of how the principle was being evaluated. 

Participants also criticized the length of some program outputs. For 
example, some said that for the wwb command, the default output was 
too long and wwb - s output was too short. An output of intermediate 
length was suggested. 

2.3.2 Effects on documents 

What effects does using the Writer's Workbench programs have on 
the documents produced? Do writers locate more errors using Writer's 
Workbench output to edit a document? Does using the programs for 
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a period of time later enable writers to edit more effectively on their 
own? 

2.3.2.1 Revision tasks. Results from the revision tasks show how the 
participants' ability to improve a document differed at various stages 
of the study. The revision tasks were completed: (1) before the study, 
(2) after training, (3) after 10 weeks of using the Writer's Workbench 
programs, and (4) three weeks after the study ended. Output from the 
Writer's Workbench programs was available only in the third session. 

Passages used in the revision tasks were adapted from stories in the 
Bell Laboratories Record and traced the development of new Bell 
System operations. The average length of the passages was 300 words. 
Table III describes the twenty errors planted in each of the four 
passages. 

Of the nine categories of inserted errors shown in Table III, the 
Writer's Workbench programs cannot provide feedback on using a 
word that looks like the correct word (category g), mistyping one word 
that produces another (category h), and making a mistake in the 
agreement of subject and verb (category i). 

Table IV shows the results of the revision tasks. More errors were 
detected in Session 3 than in any other session. Having the Workbench 
output available improved performance compared both with where the 
user had no experience with it (Sessions 1 and 2) and where the user 

Table III-Type and number of errors in each revision passage 

Type 

a 

b 
c 
d 
e 
f 
g 
h 

Number 
of Error(s) 

4 

2 
6 
1 
1 
3 
1 
1 

1 

Item 

Spelling errors, which were not legitimate words and would 
be found by the spell program 

Punctuation errors that the punct program could identify 
Wordy phrases included in the diction phrase dictionary 
Immediate repetition of a word 
Split infinitive 
Instances of sexist language 
Case of a word substituted for another that looked similar 
Misspelled word that was a proper English word and would 

not be found by the spell program 
Case of subject verb disagreement 

Table IV-Proportion of errors detected for each session* 

Mean 
Standard error 
Number 

Session 1 

0.271 
0.006 

21 

Session 2 

0.275 
0.007 

21 

Session 3 vs Session 1-t(2o) = 3.35, p < 0.005 
Session 3 vs Session 2-t(20) = 3.41, p < 0.005 
Session 3 vs Session 4-t(20) = 2.49, p < 0.05 

Session 3 

0.408 
0.007 

21 

Session 4 

0.309 
0.007 

21 

* Data are reported for those 21 participants who completed all four sessions. 
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had employed the Writer's Workbench system in the past but did not 
have its output available while proofreading (Session 4). 

The data are broken down by category in Fig. 1. We see from this 
figure, which shows the percentage of detected errors for each session 
(bars 1 to 4) for each category, that Session 3 is clearly distinct from 
the others. 
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Fig. I-Percentage of errors detected for each error category (a through i) in Sessions 
1 through 4: (a) spelling errors; (b) punctuation errors; (c) wordy diction; (d) double 
words; (e) split infinitives; (f) sexist langua~e; (g) incorrect word use; (h) spelling errors 
not found by spell program; and (i) subject/verb disagreement. 
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We included the errors in categories g, h, and i because we wanted 
to determine whether the participants had become so dependent on 
the Writer's Workbench analysis that they would fail in Session 3 to 
notice the errors that it does not find. The results of Session 3 support 
this supposition; participants found many of the Writer's Workbench 
errors and overlooked others. 

It appears that participants used the time in Session 3 to find and 
mark the errors given by the Writer's Workbench programs, but did 
not have a chance to proofread the paper for other errors. Indeed, 
several participants remarked that they spent their time reviewing the 
output and locating the corresponding error in the passage, rather 
than proofreading the passage as a whole. As a result they may have 
run out of time. This seems likely in view of the low rate of marking 
sexist usage, the output for which came last in the collection of Writer's 
Workbench program outputs given to participants. As Fig. If shows, 
participants marked far fewer sexist usages in Session 3 than in any 
other session. Even so, overall performance was best in Session 3. 

2.3.3 Effects on writers' activities 

The writers completed questionnaires on how the Writer's Work­
bench programs influenced the way they prepared documents and 
assessed their stylistic features. 

2.3.3.1 Mode of writing. The questionnaires asked participants how 
they write: Do they write on-line or on paper? Do they make their 
changes on -line or on paper? As we described above, before the study 
began participants in Groups 1 and 2 differed in their methods of 
writing and editing. To test whether their methods changed during 
the study, we performed a 2 X 3 (group X time) analysis of variance 
on each of these two items. (The range of responses to both questions 
represented the degree of involvement with a terminal during the task 
of either writing or editing. A value of 1 represented the most direct 
involvement with the terminal and a value of 4 represented the least.) 
Again, time (pre-, mid-, and post-study) was the within-subject re­
peated measure; and group (Group 1 or Group 2) was the grouping 
factor. The results show only a significant group effect for the writing 
method [F(1,15) = 7.32, p < 0.05], as well as for the editing method 
[F(1,15) = 21.0, P < 0.001]. Participants in Group 1 were less likely 
to have a clerk do the terminal work for them (M = 1.43 for writing 
and M = 1.19 for editing) than were participants in Group 2 (M = 
2.47 for writing and M = 2.37 for editing). There were no significant 
time effects or time X group interactions. 

2.3.3.2 Estimates of stylistic features. We wanted to know whether 
using the Writer's Workbench programs would affect the way partic­
ipants evaluated the stylistic errors in their documents. The pre-, 
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mid-, and post-questionnaires included questions about nine features 
of writing style that are measured by the Writer's Workbench pro­
grams. Participants estimated whether their draft documents typically 
had 

-too few 
-the right amount 
-too many instances 

of each feature, or they indicated that they could not evaluate the 
amount by saying either 

-there was no right or wrong answer, or 
-they could not answer the question. 

The most marked difference was in how participants evaluated their 
proportion of passive sentences before and after the study. Before the 
study, about 85 percent of the Group 1 participants said there was no 
right or wrong number of passives sentences, or said they could not 
answer. After the study, no one answered in either of those categories; 
half thought they had too many passive sentences in their drafts, and 
half thought they had the right number. Before the study, more than 
50 percent of Group 2 said they either had the right number of passive 
sentences, or they could not answer. By the end of the study, 60 
percent of Group 2 thought they either had too many, or too few, 
passive sentences. 

2.4 Discussion 

Participants were able to use the programs frequently, liked them, 
and found the output helpful. By reviewing the results of the different 
measures together, we come to a clearer understanding of what effects 
the Writer's Workbench programs have on writers. 

First, the data on program use reveal that, on the average, partici­
pants ran six Writer's Workbench programs per week. (This figure is 
comparable to data collected from Bell Laboratories UNIX systems 
we have monitored in the past.) Over time, there was a reduction in 
the total number of programs run, possibly because the novelty of 
using the programs wore off, or because of the cyclical nature of the 
documentation process. Writing a document generally entails collect­
ing information, organizing it, and then writing, editing, and revising. 
Participants may have confined their use of the Writer's Workbench 
programs to the first stage of the editing process and to the final 
version. In addition, documentation efforts vary with the phases of 
product development; thus, the activities that the Writer's Workbench 
programs can support are cyclical. Observing program use over a much 
longer time period, perhaps a year, would give a clearer understanding 
of the long-term frequency of use, one less subject to seasonal cycles 
of writing demands. 
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Even when program use declined over time, the programs were still 
rated as helpful. The average helpfulness rating was 3.8 on a scale 
from 1 (not helpful) to 5 (very helpful). The use of programs was more 
strongly determined by individual needs than by our recommenda­
tions. For example, use of the aero program, which locates and prints 
all acronyms in a document, was highly recommended in the study 
guidelines. Yet, users in Group 1 did not find this program helpful (2.7 
helpfulness rating) because it gave them too much output. Hence, no 
one used it after the third week of the study. The participants did, 
however, continue to use the programs that took the tedium out of 
editing, such as the proofreading programs. That the participants 
continued to use many of the programs indicates that they found these 
programs helpful. 

The results of the revision tasks clearly show that the programs are 
helpful in locating errors when the person is under pressures of time. 
Using the Writer's Workbench system in Session 3, participants found 
significantly more errors in the same amount of time than in the other 
sessions. To produce their typical error-free final products, partici­
pants would need to spend far more editing time without Writer's 
Workbench system than with it. The results of the Session 4 revision 
tasks also show that one must use Writer's Workbench programs 
continually to get this benefit; it is not enough to have used them in 
the past. The computer is just much better at finding certain errors 
than our participants were. However, we do not know whether error 
types not located by the programs would tend to be missed by the 
human proofreader more or less often as a result. 

When we look at how using Writer's Workbench programs affects 
a writer's mode of writing, we see few changes, Those who used clerks 
to type their texts before the study continued to do so during the 
study. Those who typed their texts themselves continued to do so. 
Participants did not need to change how they wrote to use the Writer's 
Workbench programs effectively, nor did it increase or decrease the 
personal contact individuals had with terminals. 

In the current study, we were limited in the degree of control we 
could impose on the participants. There were no rewards for using the 
Writer's Workbench programs and incorporating the suggestions into 
later drafts, nor were there any punishments for not using them. We 
could not control how much or how little participants wrote during 
the lO-week trial. We had no independent judges to evaluate the 
quality of the documents produced with the aid of the Writer's Work­
bench programs, nor did we have comparable people writing compa­
rable texts without the aid of the programs so we could compare our 
participants' texts. Thus, we were limited in the issues we could 
address. 
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Currently, studies with university English composition students are 
addressing some of the unanswered questions. In composition classes, 
students are using the Writer's Workbench program output to edit 
and revise their essays. Instructors and independent judges will eval­
uate the essays and compare the quality of these essays to those of 
control students not using the Writer's Workbench programs. In 
addition, these new studies include unskilled writers rather than 
experienced adult writers, which will allow us to determine whether 
using the system helps students learn how to write better. These 
findings will enable us to evaluate more fully the effectiveness of the 
Writer's Workbench programs. 
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