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FOREWORD

This research was conducted within the in-house independent laboratory research
program. The objective of this work unit was to begin development of useful and efficient
computer-based writing tools.

This research should be of interest to developers of computer-based writing aids and
researchers concerned with effective writing.

H. S. ELDREDGE J. W. TWEEDDALE
Captain, U.S. Navy Technical Director
Commanding Officer
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SUMMARY

Problem and Background

In recent years, interest in improving the communication efficiency of written
documents has been increasing. Although numerous guidelines suggest ways to improve
government and Department of Defense writing, the problems persist. Possibly, the
guidelines are not being read and followed, the procedures are too difficult and time-
consuming to implement, or the suggestions themselves are not adequate to produce the
desired results.

Evidence now available suggests that people have great difficulty detecting problem
areas in a text even when they know what they are supposed to detect. Apparently, most
people cannot "turn off" normal comprehension processes to detect the problems. A
computerized writing system could detect these problem areas much better than humans.
A few computerized writing assistants are available; however, users may find their output
difficult to use and not particularly helpful and interaction with the programs somewhat
inefficient.

Existing guidelines for improving the writing in documents include the latest Navy
Correspondence Manual (SECNAVINST 5216.5C), which is of particular interest to the
Navy. The first chapter, which advocates the use of plain English, details fairly concrete
steps for improving communication efficiency such as using short, simple, and common
words and phrases and active (versus passive) sentence constructions.

Objective

The objective of this effort was to develop an efficient, easy-to-use computer-based
writing assistant (REVISE) to help writers follow some of the plain English writing
guidelines specified in SECNAVINST 5216.5C.

Approach

Development of REVISE followed the design guidelines that a computer-based writing
assistant system should: (1) be easy to use, (2) identify specifically what is wrong with the
writing in the document, (3) provide specific recommendations for improving the writing,
(4) have a quick and relatively inexpensive user interface, and (5) run on mainframe
computers as well as on smaller microcomputers.

Data Base. The SECNAVINST 5216.5C lists commonly used complex words and
phrases with simpler alternatives. This list with modifications and enhancement formed
the basis for REVISE's data base.

Operation. REVISE runs interactively and analyzes each sentence in the document
separately. When it detects a word or phrase that is in the data base, it displays the
entire sentence with the word or phrase highlighted and lists suggested alternatives to
replace the highlighted items. The system brings up a menu of options for changing the
document quickly and easily. Once the revision is completed, the system creates a new
file containing all changes. The original file is left intact.

System Evaluation. An untrained user used REVISE to analyze and revise 36
documents. Several surface structure characteristics were measured and compared.

vii



Results

In general, over 90 percent of the words and phrases flagged by the system were
appropriate to the sentence context. When various text characteristics of the original and
revised documents were compared, the revised documents showed significant improve-
ments on measures thought to influence communication efficiency. For example, the
revised documents generally used simpler and more commonly used words, fewer passive
constructions, and fewer nominalizations. Sentence construction measurements showed
no significant changes.

Conclusions

REVISE improved the communication efficiency of 36 Navy documents. The system
described here represents an efficient computerized writing assistant that can help a
writer follow plain English guidelines.

Recommendation

Design of future computer-based writing assistants should be based on an explicit
model of comprehension derived from empirical findings from the psycholinguistic
literature combined with the efficient user interface of REVISE.

~viii
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INTRODUCTION

Problem

Many people in important contexts support the increasing interest in improving the
communication efficiency of written documents. For example, in a letter to Navy
Undersecretary Goodrich, Vice Admiral Mustin stated that "The fleet is outraged over
poor technical manual quality" (Simply Stated, October 1984).

A number of state legislatures have imposed legal requirements for the use of "plain
English" in public documents. The courts are also involved. Recently, for example, a
federal judge in Brooklyn, New York ordered the government to remove the "gobbledy-
gook" from Medicare benefit form letters. An elderly, retired man could not understand
why identical claims submitted for his wife's treatments resulted in different payments.
The long and confusing letters he received from Medicare angered him so much that he
took his case to small claims court. In a class-action suit, the judge ruled that the
language used in the letters could not be understood by their recipients and, in fact, "did
not qualify as English" (Simply Stated, July 1984).

Background

Government writing has been the target of much criticism through the years (hence,
the term "governmentese"). Despite the numerous guidelines suggesting ways to improve
government and Department of Defense (DoD) writing (Department of the Air Force,
1973; Department of the Interior, 1978; Department of the Treasury, 1969, 1975;
Secretary of the Navy, 1983), the problems persist. Apparently, the guidelines are not
being read and followed, the procedures are too difficult and time-consuming to
implement, or the suggestions are not adequate to produce the desired results.

Wright (1985) suggests that people have great difficulty detecting problems in a text.
She gave two groups of subjects who had no formal writer training some documents to
revise. One group received a few guidelines to follow (e.g., avoid passive verbs and
complex words); and the other, did not. Although the guideline group detected more
problems than the no-guideline group, they detected less than 40 percent of the problems
addressed in the guidelines. This result suggests that people do not detect problems in
writing well, probably at least partly because reading for most people is highly
automatized (LaBerge & Samuels, 1974; Posner & Snyder, 1974). Thus, people find it hard
to "turn off" the normal comprehension processes in order to detect problems in the text.

Kieras (1985) considered the error detection problem to be an important point
because current computer technology might aid this human capability. A computerized
writing system could detect the problems much better than humans could. Thus, a well-
designed system might benefit writers of informational text greatly.

Presently two major computer-based writing aids' are available: (1) the Writer's
Workbench" (WWB) developed at Bell Laboratories (Cherry, 1982; Macdonald, 1983;
Macdonald, Frase, Gingrich, & Keenan, 1982) and (2) the Computer Readability Editing
Systems (CRES) developed by the Navy (Kincaid, Aagard, & O'Hara, 1980; Kincaid,
Aagard, O'Hara, & Cottrell, 1981; Kincaid, Cottrell, Aagard, & Risley, 1981). We will
discuss these two systems briefly, along with some issues connected with the human-
computer interface.

*Identification of equipment and software is for documentation only and does not
imply endorsement.

. . . . . .. .. ... . .. . . . . . . . . . .. .... ...-
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Writer's Workbench" (WWB)

The WWB is a set of 28 separate computer programs designed to help a writer
improve a text. The system runs on the UNIX'" operating system, and each program is
called by executing a separate UNIX command. The heart of the system is a program that
determines parts of speech in a text using a rule-based approach (Cherry, 1978). Many of
the WWB programs are designed around this parts-of-speech program. One of the
programs, for example, provides the writer or user with a "scorecard" of the frequency of
use of a variety of different word types (e.g., nouns, adjectives, adverbs). The WWB
system provides programs for the user to check spelling, punctuation, diction, sexist
language, readability level, and abstractness.

Overall, the WWB system's impressive program diversity makes it quite useful for
some purposes. However, the system has some important problems, stemming mainly
from the system's interface with the user. Perhaps the more fundamental problem is the
amount of effort that users must expend to use the information provided by WWB. For
example, to check the spelling in a document, the user calls the spell checker on a
document and the program lists the misspelled items on the user's screen. (The output can
be sent to a file and stored, if the user knows the additional UNIX commands to do so.)
Next, the user writes down the misspellings (or requests a printed output), calls the text
editor on the document, locates the misspelled words in the document, corrects the -
misspelled words using a dictionary as needed (to query the system dictionary for spelling
the user must run another program and record the output), and then saves the file.
Clearly, this is time consuming and not very efficient.

Another problem with W\VWB concerns the specificity of the problems found by the
programs and the suggested modifications. For example, telling the user that the
readability score of the document is too high and to decrease it is not too helpful. The
document "scorecard," mentioned earlier, is very difficult to interpret and figuring out
how to modify the document is even more so.

Finally, the WWB system is difficult to use. Since WWB was designed to run under
the UNIX operating system, it adopted many UNIX conventions. Thus, many of the
programs have several "options" that cause the program to behave differently. Adoption
of UNIX conventions provides \V\VB power, but at the expense of ease of use (Norman,
1981). The WWB user's manual is over 300 pages long and does not include any discussion
of UNIX, per se. A working knowledge of UNIX greatly facilitates efficient use of \ VW.

Computer Readability Editing System (CRES)

The CRES system was designed specifically to improve the comprehensibility of Navy
technical manuals and instructional materials. CRES's three primary tasks are to: (I)
flag uncommon, complex, or misspelled words and long and passive sentences in a
document, (2) suggest alternatives for some of the flagged words, and (3) compute the
document's readability score. CRES contains five published military and nonmilitary
common word lists, one special list of Navy technical words, and a list of potential
alternatives for some of the flagged words.

Originally, CRES was designed to run on a Wang word processor with a 64K main
memory and was written in a dialect of BASIC. CRES is smaller than WVW! and,therefore, considerably easier to use. However, as with W\\B, users encounter some

problems with implementing the suggestions CRES provides. Processing a document
through CRES produces an output file that contains an annotated version of the actua!
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document. The comments include brackets around flagged words, alternatives after some
of the bracketed words, identification of passive constructions (by surface structure rules)
and sentences exceeding 22 words in length, and some statistics about the document (e.g.,
readability score). The output is useful, but, as with WWB output, the user must go over
the output in detail, call up the word processor on the document, search for each flagged
item in the document, make the substitution, and then save the file.

Other Computer-based Writing Aids V.

A few other systems are under development, notably the EPISTLE system from IBM
(Heidorn, Jensen, Miller, Byrd, & Chodorow, 1980) and a promising system by Kieras
(1985) at the University of Michigan based on artificial intelligence programming
techniques. Neither system is generally available yet.

Writing Guidelines

A variety of guidelines to improve writing also exist. Of particular interest to the
Navy is the latest Navy Correspondence Manual, (SECNAVINST 5216.5C) (Secretary of
the Navy, 1983). Its first chapter reiterates the p.evalence of poor writing, advocates
using plain English, and details fairly concrete steps on how to improve writing. The steps
include using simple, common words and phrases and constructing active (versus passive)
sentences.

Objective

The primary objective of this effort was to develop an efficient, easy-to-use
computer-based writing assistant (REVISE) to help writers follow the plain English writing
guidelines specified in SECNAVINST 5216.5C. A secondary goal was a preliminary
evaluation of whether or not changes made by the system improve writing quality.

APPROACH

System Design Issues

Design of the computer-based writing system--REVISE--was based on the following
simple but powerful design principles: The system should (1) be easy to use, (2) identify
the document's specific problems, (3) provide specific recommendations for improving
writing in the document, (4) provide an efficient interface, and (5) run. on mainframe and
microcomputers. Each guideline is discussed in greater depth below.

I. Be easy to use. Perhaps the most important design principle was user-
friendliness. REVISE was designed for users who have very little time to learn a system.
In a recent review of the UNIX operating system, Norman (1981) pointed out the . -

importance of making a system comprehensible to the user. No matter how technically
sound the computational algorithms are, if the system is difficult to use, people may find
it too tedious to use the system at all.

2. Identify the document's specific problems. The system should provide specific
information about the writing in the document. For example, merely stating that the
readability level of the document is too high is not specific enough. The output of one of
the main WWB programs is a set of statistics about the document including how many.
nouns, verbs, and adjectives are in the document; four different readability scores; and

3.
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information about sentence and word length. The WWB documentation gives some general
guidelines for interpreting output, but, in general, these are not specific enough to be
helpful to the user.

3. Provide specific recommendations for improving the writing in the document. A
related notion concerns giving the user specific information about how to improve the
document. Giving specific information about problems with the document is not enough;
specific suggestions for correcting the problem are needed. Research has shown that
writers are not always able to correct a particular problem even if they know what the
problem is (Hayes, 1984).

4. Provide an efficient interface. The system should also provide an efficient
ir terface. Writers might use such a system if it saves time. Thus, a system that provides
output about what is wrong with a document but makes the user re-edit the document in
order to incorporate the changes is inefficient with the user's time.

5. Run on mainframe and microcomputers. Many writers have access to large
imainframe systems that have sophisticated document preparation features. Others,
though, have access only to microcomputer systems. Thus, to be useful to as many
writers as possible, the system should be transportable to microcomputers as well as
mainframe environments.

REVISE System Features

I. Data base. The major function of REVISE is to help writers use simple words and
phrases with the aid of a data base. SECNAVINST 5216.5C lists awkward, uncommon, or
complex words and phrases commonly used in Navy correspondence along with suggested
alternatives. This list formed the basis for REVISE's data base with the items modified
and enhanced for use in the system. Following SECNAVINST 5216.5C, the system checks
for passive sentences (in a minimal way) by flagging constructions such as "it is" that tend
to delay meaning, hide responsibility, and encourage passive verbs.

The data base contains 446 words and phrases that are flagged in a document and
723 simpler alternatives for these 446 items. The data base includes the past tense of
verbs and plural endings. One issue of interest concerns the relative frequency of use in
the English language of the complex items compared with the suggested, simpler
alternatives. The comparison provides an objective way to determine the extent to which
REVISE suggests simpler more common language. This frequency can be estimated
through the use of one of several published word frequency lists. The list by Kucera and
Francis (1967) revealed that the items in the data base (only singleword entries were
selected) had an average Kucera-Francis rating of 25.5 (this means that the words
appeared in a sample of slightly over a million words, an average of 25.5 times). The
simpler suggestions had a mean Kucera-Francis rating of 857.2. The difference between
the means was statistically reliable. (In the analysis, all words not appearing on the list
were given a value of 1.)

2. Operation. The writer can run the draft of any document entered in the
computer--mainframe or microcomputer--through the REVISE program. The program

*. runs interactively and analyzes each sentence sequentially. When the system detects a
word or phrase contained in the data base, it displays the entire sentence, highlights the
detected word or phrase, and displays alternative words or phrases that might replace the
detected items. The system lists a menu of options that enable the user to: (a) change

. the detected word or phrase, (b) rewrite the entire sentence, (c) leave the sentence

pL
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unchanged, (d) display again the current sentence showing the problem and the change, (e)
read several sentences that precede the current sentence, or (f) stop the program for now,
saving all changes in a temporary file. The menu provides a quick, easy way to make
changes to the document. Once the revision is completed, the system creates a file on
disk that contains all changes. The original file is left intact. Because REVISE supports
the standard UNIX document format programs, the revised document will be identical in
format to the original and can be printed without further modifications. The system also
gives statistics on the number of sentences analyzed, the number of words or phrases
flagged, and the number of changes made.

3. The "C" language. The system was developed on the Navy Personnel Research
and Development Center (NAVPERSRANDCEN) DEC 11/780 VAX mainframe running the
UNIX (4.2 BSD) operating system. The program was written in the "C" programming
language because it produces fast, compact, executable code on the VAX and is
transportable to other computing environments. A version of the program also runs on the
IBM PC microcomputer. The smallest version of the system will run in 64K of memory
with one floppy disk drive.

System Evaluation Issues

Does REVISE improve writing quality? That is, do the plain English prescriptions
implemented in REVISE actually influence characteristics of documents in ways that
improve writing and communication efficiency? As the major objective of this develop-
ment effort was to automate portions of SECNAVINST 5216.5C, a full-scale evaluation of
whether REVISE actually improved comprehensibility (as assessed, say, through psycho-
logical experimentation), is beyond the scope of this report. However, we can assess the
effectiveness of REVISE at certain levels.

REVISE can influence a document in a variety of ways. REVISE should decrease the
length of the overall document, average sentence, or average word. Changes of this sort
reflect the prescription to be brief. Since standard readability scores are a function of
average sentence and word length, REVISE should increase the measured readability of a
document and thus lower the reading grade level associated with it, compared to the
original.

At a more specific level, we can examine how REVISE influences the frequencey with
which particular word types are used. Since REVISE checks for expletive sentence
beginnings ("it" and "there" with some form of the verb "to be" in constructions where the
subject follows the verb, e.g., "There were too many people at the meeting"), they should
be decreased. By checking for expletive beginnings, REVISE also checks for "to be" verbs;
thus, the proportion of these verbs should go down. Similarly, since some expletive
sentence beginnings are also associated with passive verbs (e.g., "It is hoped that the
meeting will continue"), the proportion of passive verbs should decrease. A variety of
other specific word types can be examined. Additionally, we could look at factors related
to sentence complexity (such as the proportion of simple, compound, and complex
sentences); however, since REVISE makes its suggestions primarily at the word and phrase
level, we should not expect large changes at the sentence level.

An important question is whether or not REVISE detects appropriate document
problems; that is, in the context of a particular sentence, is the flagged item appropriate'
For example, many individual English words can be used as nouns or verbs. The context
determines the appropriate word class. Because the items in the data base assume a
particular word class, in some of the cases, the system may flag an inappropriate item.

5
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* For example, REVISE considers the verb "request" awkward compared to "ask"; however,
"request" can also be used as a noun.

A simple methodology to assess some of these factors is to use REVISE to revise
some actual Navy documents and compare the revisions with the originals. The procedure
used is described below.

1. Documents. For this study, 36 Navy letters and memos were collected from the
master file of documents from the NAVPERSRANDCEN mail room. The documents
originated from a variety of naval commands including NAVPERSRANDCEN, Naval
Material Command, Naval Education and Training Command, Office of the Chief of Naval
Operations, and others.

2. Program user. An undergraduate college student, who did not know the purpose
of the study and did not assist in the development of the program, used the REVISE
system to analyze and modify the documents.

3. Procedure. The user was told that we had developed a program to assist writers
in revising documents and to use the program to analyze the 36 documents. He was told
to categorize each flagged item as (a) a single word, (b) a phrase, or (c) not appropriate to
the sentence. The user was told to change the sentence based on the program's
suggestions if he thought one of the suggestions improved the document.

4. Dependent variables. Several surface structure characteristics of the original
and revised documents were measured: various document length measures, readability
scores, specific word type measures, and measures of sentence complexity.

EVALUATION RESULTS

Appropriateness of Flagged Items

REVISE analyzed 572 sentences in the 36 documents and flagged 590 separate items.
The user considered 92.5 percent of the flagged items appropriate in the context of the
sentences in which they occurred. Of the total, 79.2 percent were single words and 13.3
percent were phrases. The flagged phrases included some passive constructions. Overall,
only 7.5 percent of the flagged items were judged inappropriate. On average, REVISE
detected about one problem per sentence.

Document Modifications

We used the style program from the WWB (Cherry & Vesterman, 1981) to analyze
characteristics of the 36 original and 36 revised documents. Comparisons were made
between the original and revised documents on the different measures. Comparisons on

.- some measures were based on very explicit predictions, while others were not. The
differences are described below.

Length Characteristics. Table I presents means for document, sentence, and word
length of the two groups of documents. As expected, the revised documents were shorter
overall and, thus, had a shorter average sentence length. (The average number of
sentences per document remained constant over the two versions; so, when average
document length decreased, so did average sentence length. Both values are tabled for

"" descriptive purposes.) Also as expected, the revised documents had a shorter average
word length. All differences were reliable (p < .091).

6



Table 1

Document, Sentence, and Word Length Data for
Original and Revised Documents

Mean Number of Items per Unit

Item Original Revised Difference

Words/document 340.2 336.7 3.5 *

Words/sentence 22.22 22.00 0.22*

Letters/word 5.34 5.18 0.16*

Sp < .001. l

Readability Measures. Table 2 presents the reading grade level (RGL) computed for
each original and revised document by using the Automated Readability Index, Coleman-
Liau, Flesch Reading Grade Level, and Kincaid formulas. The revised documents have
lower RGLs on all four measures and this was corroborated statistically (p < .001). The
RGLs of the original and revised documents differ by about I year.

Table 2

Reading Grade Level for Original and Revised Documents

Mean Reading Grade Level (RGL)
Readability Measure Original Revised Difference

Automated Readability Index 14.81 13.97 0.84*

Coleman-Liau 14.26 13.33 0.93*

Flesch Reading Grade Level 15.82 14.96 0.86*

Kincaid 14.64 13.66 0.98*

*p< .001.

7
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Word Type Information. Table 3 presents three groups of specific word measures for
the original and revised documents. The first three measures represent three major word
classes--nouns, adjectives, and adverbs--as the mean percentage of the total number of
words in the document. The next three measures show specific verb types- -auxiliary
verbs, infinitives and forms of the verb to be--as the mean percentages of the total 4'

number of verbs in the document. The final verb category shows passive verbs as a mean
percentage of the finite verbs in the document. The next five measures give the mean
percentage of the total number of words by other word types--conjunctions, pronouns,
nominalizations, prepositions, and abstract words. The final category lists the percentage
of sentence beginnings that are expletives.

Table 3

Word Type Information for Original and Revised Documents

Mean Percentage of Total Items in Document

Item Original Revised Difference

Word Class

Noun 31.10 31.04 0.06
Adjective 21.23 21.29 -0.06

- Adverb 2.18 2.04 0.14

Verb Types

Auxiliarya 20.86 21.08 -0.22

Infinitivea 23.06 23.11 -0.05

To bea 42.14 39.69 2.45*

Passive 33.33 31.19 2.14*

Word Types

Conjunction 3.51 3.64 -0.13*
Pronoun 2.20 2.33 -0.13*
Nominalizations 3.75 3.47 0.28*
Prepositions 12.47 12.49 -0.02
Abstract words 3.14 3.19 -0.05
Expletive beginningsc 3.17 0.78 2.39*

a
Figures are mean percent of all the verbs in the document.
b
Figures are mean percent of finite verbs in the document.

CFigures are mean percentage of all sentence beginnings in the document.

*p < .005 (see text).

Specific predictions were made about expletive sentence openers, "to be," and passive
verbs. Thus, planned comparisons were justified for these three measures. Specific

*. predictions were not made for the other 10 measures in the table; thus, we observed
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caution with respect to the statistical comparisons. Since many comparisons were made,
we selected a conservative significance level, p < .005, that ensured that the comparison- -.
wide error rate (over 10 comparisons) was p < .05 (cf. Keppel, 1973). This significance
level was used for all comparisons for which we did not make a specific prediction.

The results from the first three measures show relatively small differences between
the documents. None of these differences was reliable.

The verb type results show small differences in auxiliary and infinitive verb use;
neither difference approached significance. As expected, the revised documents showed

. decreased use of forms of the verb "to be" and passive verbs; both differences were
reliable in planned comparisons (p < .005).

For the final six measures in Table 3, the results show that the revised documents had
an increased use of conjunctions and pronouns. While the differences were relatively
small in magnitude, they were statistically reliable. The revised documents also

"* contained fewer nominalizations and this difference was reliable. The original and revised
documents contained virtually the same percentage of prepositions and abstract words.
Finally, as expected, the revised documents had a lower proportion of expletive sentence
beginnings than the original documents and this difference was reliable in a planned
comparison (p < .005).

Sentence Type Information. Table 4 shows sentence-type information for both groups
of documents. Sentence types include: simple (one verb and no dependent clause),

complex (one independent and one dependent clause, each with one verb), compound (more
than one verb and no dependent clause), compound-complex (several dependent clauses or
one dependent clause and a compound verb in either the dependent or independent clause).
The values presented are mean percentages of the total number of sentences in the
document. Since specific predictions were not made about the measures in Table 4, aconservative (p < .0 13) significance level was chosen that kept the comparison-wide error

rate to p < .05 (over four comparisons). All differences between document types were
small and none approached significance.

Table 4

Sentence Type Information for Original and Revised Documents

Mean Percentage of Sentences in Document
Sentence Type Original Revised Difference

Simple 57.39 57.14 0.25

Compound 8.00 8.06 -0.06

Complex 26.22 26.03 0.19

Compound-complex 8.58 9.00 0.42
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, DISCUSSION

* Improvements in Writing Quality

The results from the document modification procedure suggest that REVISE altered
characteristics of the original documents that lead to improvements in writing and
communication efficiency. The REVISE program was not designed specifically to
influence the entire range of measures studied; however, the fact that some measures
were influenced and others were not is important. Some of the implications of these
findings are discussed below.

First, as expected, because of the reduction in average sentence and word length, the
RGLs of the revised documents decreased by about 1 year. This decrease, by itself, is not
too significant in view of the well-known difficulties with the interpretation (and

'a significance of) readability formulas (Duffy, 1985; Kintsch & Miller, 1984). Nonetheless,
the plain English orientation of the REVISE program affected the readability measures in
the desired direction.

The specific word type usage results uncovered a variety of interesting patterns. In
- general, REVISE influenced only the measures considered important to writing quality and

communication efficiency and not those that are not. For example, REVISE did not
significantly influence the proportion of nouns, adjectives, or adverbs. Simply increasing

*- the proportion of adjectives in a document would not necessarily improve the writing.

With regard to verb forms, as expected the revised documents contained fewer forms
• of "to be" and passive verbs, both of which are related to the use of passive sentence

constructions. Nearly all writing guidelines recommend using active rather than passive
constructions.

The revised documents contained fewer nominalizations and expletive beginnings, as
". writing guidelines recommend. Expletive sentence beginnings typically emphasize the

object of the sentence rather than its subject. The revised documents contained more
conjunctions, which can add to parallelism in a text, and pronouns, which provide
cohesiveness and back reference. Writing guidelines consider that both of these factors

., improve writing.

REVISE did not affect the use of abstract words. Typically, writing guidelines
encourage using concrete as opposed to abstract words.

Rothkopf (1976) pointed out that one document cannot be judged superior to another
document without regard to some external referent such as the purpose for which the
reader is to use the document. In other words, to determine document improvement, we
must consider how the reader will use the document in addition to comparing the surface
characteristics of two documents.

Dimensions of Efficient Communication

A critical question raised in research of this sort is whether or not the changes made
actually influence the comprehensibility of the document. In fact, an implicit assumption
made by authors of writing guidelines is that the guidelines do influence text compre-
hensibility. The primary guidelines that formed the basis of REVISE involved the use of
simpler English and to a lesser extent active sentence constructions. The simpler English

S. principle translates into using words that are generally more familiar to the reader and
are thus more frequently used in the English language. REVISE recommends high
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frequency words over low frequency ones. A host of findings exist in the psychological
literature that show that word familiarity is a powerful determinant of word recognition
(Carr, Posner, Pollatsek, & Snyder, 1979). Familiar words are recognized faster and more
accurately than unfamiliar words. Similarly, the psycholinguistic literature supports the
active writing principle and shows that passive constructions are more difficult for people
to understand than are their active counterparts (Coleman, 1964, 1965; Tannenbaum &
Williams, 1968), although exceptions exist (Perfetti & Goldman, 1975).

While we can build a case for the benefits of simpler words and phrases and active
sentence constructions from the psychological literature, the advantages are found at a
fairly low level in the reading process. That is, the beneficial effects are found at the
word or sentence level, but are harder to find at higher levels. Duffy and Kabance (1982)
have conducted some research with Navy recruits bearing on this issue. The research
attempted to improve text by simplifying vocabulary and reducing sentence length. The
researchers used these methods to alter several passages from a standard reading test.
Among other things, they reduced sentence length from an average of 21.3 to 9.8 words.
The revisions failed to produce any meaningful improvement in comprehension on a
variety of reading-to-do tasks. Four experiments produced meaningful improvement only
for low ability readers on a reading-to-learn task and then only when the vocabulary was
simplified. None of the experiments showed an effect for reduced sentence length.

In a similar but more extensive study, Duffy, Curran, and Sass (1983) were interested
in comprehension performance on nine pages from a technical manual describing a Navy
radio frequency amplifier. The passage had a functional block diagram, a variety of
schematics, and roughly 3,000 words of narrative text. Three independent contractors,
selected for their expertise in document design, were told to modify the document in any
way to maximize comprehension. The contractors made a variety of significant changes.
The revisions looked quite different from the original and each other. One contractor
spent over 400 man-hours on the revision. Another increased the passage length to over
30 pages. The revisions involved breaking the material up into smaller units, requiring the
use of many headings, increased white space, adding new tables and figures, and
simplifying the schematics and the block diagrams.

The researchers used two different types of comprehension tests to evaluate the .- --
different redesigns. One was a short answer fact test in which subjects could refer back
to the text to look up information. The other was a multiple choice test that required the
subjects to infer information from what they read. The subjects were electronic
technician trainees who had been through roughly six months of electronic technical
training and therefore were not novices. None of the revisions facilitated either accuracy
of performance on the two comprehension tests or speed of performance in completing
the tests.

The primary point in this discussion is that human readers are robust; that is, readers
are able to apprehend the deeper meaning of a text in the face of significant departure
from "optimal writing." Thus, the low-level changes made by REVISE are unlikely to have
a significant effect on the comprehensibility of a text. Indeed in the studies just
reviewed, the researchers made major alterations to texts with little or no demonstrable
effects on comprehensibility.

Despite the robustness of human readers, some good reasons exist pertaining to why
the changes made by REVISE are important. Consider a document that contains many
misspelled words. The misspellings alone would not cause the reader to misunderstand the
document. Yet, the reader might question the professionalism, thoroughness, or diligence
of the author who wrote the document and did not check the spelling. Similarly, the
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reader of a document who encounters a number of unusual or awkward words and phrases
might question the author's command of the English language or consider that the author
is being overly complex and pompous. Factors like these could influence the reader's
perception of the document.

Perhaps the most important reason to implement the changes made by REVISE stems e
from the external pressure to do so. Government writing has been criticized for many
years and should be improved where possible. Indeed, the Secretary of the Navy has
strongly advocated this practice. The REVISE system is now in use by a technical writing
department under contract to the Navy on the East Coast. The system is being used in
connection with a project that involves the revision and rewrite of an extremely long
(roughly 10,000 pages) technical manual. REVISE is used to assist the technical writers
and the editorial staff. Importantly, the system is being used to supplement human
capability. In the past, people were hired to perform some of REVISE's tasks. This
scenario will become more prevalent as we develop more sophisticated aiding technology.

CONCLUSIONS

REVISE improved the communication efficiency of 36 Navy documents. The system
described here represents an efficient computerized writing assistant that can help a
writer follow plain English guidelines.

FUTURE COMPUTER-BASED WRITING ASSISTANTS

Future computer-based writing aid systems should be based on an explicit model of
comprehension derived from empirical findings from the psycholinguistic literature and
have a good, efficient user interface. The psycholinguistic literature tells us a great deal
about how people process words, sentences, and paragraphs. From these results, we can
derive an explicit model of human text comprehension and incorporate this model into a
computerized writing assistant. Such a system would presumably have difficulty
processing a section of text just as a person would and could inform the writer of the
difficulty. Thus, such a system would not have to be a full-blown natural language
comprehension system, but rather a system that would have difficulty where a human
reader would.

Kieras (1985) is developing a system like this at the University of Michigan. His
* system borrows components from earlier simulation work (Kieras, 1982;. 1983), is based on

a psychological theory of text comprehension (Kintsch & van Dijk, 1978), and includes an
augmented transition network (ATN) parser (Woods, 1970), a production system interpre-
ter, and a semantic data base modeled after the Anderson (1976) ACT model. Among
other things, the system can determine whether a noun phrase in a sentence is new
information (information that has not been mentioned in previous text) or given
information (information that has been mentioned earlier) (Clark & Haviland, 1977;
Haviland & Clark, 1974). For example, if the author of a technical text refers to a
component as the main shipboard power supply and later refers to it as the main supply,
the Kieras system would detect the inconsistent terminology, just as a person would.

In order to be maximally useful to a writer, the output of a writing assistant should
be easy and efficient to use. The output produced by REVISE has these user friendly
characteristics. Thus, an appropriately designed future writing system should combine the
model-based, comprehensibility notions of Kieras (1985) with the interface characteristics
found in the REVISE program.
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