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SECTION 1
INTRODUCTION
BACKGROUND

The Navy relies heavily on technical documents for training and main-
tenance functions. According to,figures tabulated by the Naval Technical
Information Presentation Program (NTIPP), the Navy's investment in technical
manuals is tremendous:

. There are approximately 25 million pages of technical publications
in the Navy's current inventory with a value of $5 billion.

. About 3 million pages of technical publications are issued or
reissued annually.

. A typical U.S. Navy ship carries 1,300 technical manuals totaling
325,000 pages.

Unfortunately, these expensive Navy technical materials are often too
difficult for enlisted personnel to use. Two major aspects of the problem
are articulated in recent studies by the General Accounting Office (GAQ):

. A growing number of Navy enlisted personnel have reading defi-
ciencies (GAO, 1977).

. Technical manuals for the U.S. military services are difficult to
read and use. In addition, it will cost an estimated $65 million
for the Navy to rewrite them to a lower reading level to enable the
recruits of the 1980s to understand them (GAO, 1979).

An additional aspect of the problem with technical manuals was identified
in a recent survey conducted for NTIPP (Hughes-Fullerton, 1978). This survey
found that technical manuals are used extensively in formal and informal
training, but they usually have to be supplemented heavily to be usable as
training documents.

The three military services have produced further evidence that technical
manuals are written at a level too difficult for use by enlisted personnel.
Recent summary publications include: Caylor, Sticht, Fox and Ford, 1973
(Army); Duffy, 1976 (Navy); and Kniffin, Stevenson, Klare, Entin, Slaughter
and Hooke, 1979 (Air Force).

The Chief of Naval Education and Training (CNET), in recognition of
these problems, tasked the Training Analysis and Evaluation Group (TAEG) to

1

Personal communication, S. C. Rainey, Technical Manager, NTIPP.
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undertake the development of the Computer Readability Editing System (CRES)2
and to develop remedial aids for enlisted personnel with deficient academic
skills.3 These tasks are complementary in that both are designed to close
the Titeracy gap.

TAEG Report No. 79 (Kincaid and Curry, 1979) describes the development
and test of a remedial reading workbook currently in use for Navy recruits.
A companion remedial numerical skills workbook is currently under development
and will be described in a future TAEG report.

PURPOSE OF THE REPORT

This report describes the development of a CRES to assist in the im-
provement of the readability of Navy technical manuals and training materials.

ORGANIZATION OF THE REPORT

In addition to this introduction, the report contains three sections and
seven appendices. Section II provides an overview of the CRES and describes
each feature of the system, the rationale for its inclusion in the system,
and its development. Section III summarizes the results of an evaluation of
the effectiveness of the system in helping an editor or writer. Section IV
contains conclusions and recommendations. Appendices A through E contain
complete listings of the word 1ists developed for use with the system.
Appendix F contains the test passages used to evaluate the system. Appendix
G shows an example of the use of the system.

2 CNET Ttr of 29 June 1978.
3 CNET 1tr of 20 December 1978.
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SECTION II

DEVELOPMENT OF THE COMPUTER READABILITY EDITING SYSTEM (CRES)

This section contains an overview of the CRES and its operation. It
also contains a description of each feature of the system, its development,
and the rationale for including it.

OVERVIEW

Figure 1 shows the major components of the CRES. These include the
computer equipment and the data files which contain the various features of
the system. The CRES was designed to contain features that:

® provide useful feedback for authors and editors to simplify training
and technical manual materials

. are consistent with existing DOD and Navy directives governing the
preparation of simplified manuals

. can reduce the cost of preparing and revising technical manuals and
training materials.

Each of these features is discussed in detail in subsequent paragraphs.

' Keyboard Computer Printer
\ INFUT:  written ™ Central Processing Unit (CPU) ™ OUTPLT: edited
text text
Data Files

Readability Formula

Common Word List

Supplementary Technical Word Lists
Word and Phrase Substitution Lists

Figure 1. Elements of the Computer Readability Editing System

The basic purpose of CRES is to accept written narrative material,
evaluate that material for readability, and suggest editorial changes in
content (words) based on stored 1ists of words which have been developed to
reduce the difficulty of reading material.
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SYSTEM HARDWARE

The hardware components of CRES include an input device (keyboard), the %
central processing unit (CPU), mass storage devices (disks and tapes), and
the output device (the printer). The specific hardware used in TAEGs system |
includes:

. WANG 2216A or 2236D CRT for displaying and editing
. WANG 2200 VP or MVP CPU
. Flexible disk drive
. WANG 2200 compatible printer
. 15 megabyte platter and compatible 90 megabyte disk drive.
Current cost of this equipment is about $40,000.
SOFTWARE FEATURES OF THE SYSTEM

READABILITY FORMULA. A readability formula provides a measure of the reading
difficulty of a sample of text. The Flesch-Kincaid Readability Formuia
(Kincaid, Fishburne, Rogers, and Chissom, 1975) is used in the system because
it is the DOD standard ?MIL-M-38784A, Amendment 5, 24 July 1978). This
Tormula provides a reading grade level of the sample text which refers to

the "average" reading ability of those who should be able to understand the
g:ext5 It is a recalculation of the Flesch Reading Ease Formula (Flesch,

948).

The formula was developed by testing Navy enlisted personnel on their
understanding of passages from rate training manuals. The Flesch-Kincaid
Formula is:

Grade Level = .39 (Avg. No. Words/Sentences) + 11.8 (Avg. No. Syllables/
Word) - 15.59

The computer program that calculates this formula is adapted from the
General Motors STAR program which was originally designed to calculate the
Flesch Reading Fase Formula. The program counts the number of syllables,
words, and sentences in a passage of text, then computes the above formula.
The grade level thus produced by the editing system serves as a general guide
to the writer concerning the appropriateness of the material for the intended
readers. If the grade Tevel js too high, the text should be simplified.

Readability formulas provide only a general indication of the overall
level of difficulty. The other components of the CRES provide more specific
feedback to writers about particular words and sentences.

COMMON WORD LIST. The Common Word List was developed to identify uncommon
words. If a word is not on the 1ist, it is presumed to be uncommon. If a
word is flagged as uncommon, a decision must be made whether to retain it,
replace it with a simpler word, or define it. This decision is subjective

10
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and must be made by the author or editor, not by the computer. Simplifying
the words used in training and technical manual texts will result in instruc-
tional material that is more easily read and understood by the trainee and
the technician. The Common Word List is a merged 1ist made up of five
published word lists plus one list specifically prepared to include Navy-
specific words. The five published lists come from both military and non-
military sources. Table 1 contains a short description of each list and
gives its source.

TABLE 1. WORD LISTS USED IN THE COMMON WORD LIST

MiTitary Lists

. Basic Navy Word List: 1,960 words that appeared 10 or more times
in a 240,000 word sample taken from Navy recruit training texts,

. American Institute for Research List: 1,570 words derived from
frequency analysis taken from a 238,480 word sample of Army, Navy,
and Air Force training courses.

o Bureau of Naval Personnel Verb List: 270 verbs derived from
recommendations of verbs to be used in occupational standards
by the Occupational Standards Committees.

. Army Familiar Word List: 2,170 words taken from the 2.980 words on
the Dale 1ist and modified by deleting uncommon Army words and adding
common Army words to the original Dale list.

Nonmilitary Lists

. National Cash Register Fundamental (NCR) English Word List: 1,220
words derived by a frequency analysis of a sampie of 97,000 words
taken from NCR training materials. The published list is the resuit
of two modifications by an NCR panel of users.

° Basic English Word List: 850 words judged to be the essential words
needed for communication developed by English scholar 0. G. Ogden
and associates over a 10 year period during the 1930s.

The Basic Navy Word List described in table 1 was derived from a computer
frequency analysis of the two major documents used in the Navy's recruit
training curriculum--Basic Military Requirements (1973) and the 20th edition
of The Bluejackets' Manual (7978). The words from these two training manuals
were entered into the computer. Only those pages of Basic Military Require-
ments that the recruits actually read in recruit training were keyed into the
computer. All the text of The Bluejackets' Manual was available on machine-
readable computer magnetic tape and was used for the frequency analysis.

From these two documents almost 240,000 words were analyzed to obtain word
frequency counts. Only those words which had a frequency of 10 or more were

11
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included in the Basic Navy Word Lists; acronyms, numbers, and punctuation marks
were not included. Also, the list was edited to include only "root words,"
that is, those words in the present tense and singular. The Basic Navy Word
List is made up of two kinds of words: (1) common familiar words that a high
school graduate should know and (2) terms that are unique to the Navy or
general military environment.

An initial analysis showed that the Basic Navy Word List did not contain a
number of obvious common words, such as "none" and "if." Therefore five published
word 1ists, judged to contain a preponderance of words commonly used in Navy
training and job reading materials, were added to the Basic Navy Word List. In
addition, the Dale-Chall list (Dale and Chall, 1948) and the Harris-Jacobson
list (Harris and Jacobson, 1972) were considered but not included because they
were deemed inappropriate for Navy enlisted personnel.

Each of the 1ists described in table 1 was entered into computer memory
then merged alphabetically resulting in a 1list of about 3,200 different root
words. Nearly all of these were retained in the final Common Word List. A few
of the words from the NCR 1ist were dropped because they were specific to that
company. Appendix A contains the Common Word List, including the Basic Navy
Word List; appendix B contains the Basic Navy Word List alone.

In the Common Word List described above, each word has only one inflected
form. These "root words," however, can have different inflected forms when
they actually appear in text. The root words of the Common Word List were
expanded by attaching various standard endings to each word. (See table 2 for
the inflected endings attached to each word.? These inflected forms of the
root words are based on rules developed by Harris and Jacobson (1975).

TABLE 2. RULES FOR INFLECTED ENDINGS

Root word plus -s (plural), -y, -1y, -ily
-s, es, 's (possessive)
-d, -ed, -er, -est (comparative)

; A11 words with double
consonant before -ing, -er (comnarative), -est

A1l words dropping final
-e before -ed, -ing, -er (comparative), -est

A11 words changing y to i
before adding -ed, -es, -er (comparative), -est

An expanded 1ist containing all possible endings for each root word
resulted from processing the words by computer with a program designed to apply
the rules of table 2. In addition, the expanded 1ist had to be modified to add
irregular verbs and a few other word forms. The algorithm of table 2 produced
some "nonsense" words (e.g., the word "ship" is expanded by the algorithm to

12
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include words like "shippest"). The final word list containing the inflected
endings is called the "expanded Common Yord List." This was the form of the
Common Word List actually used in the CRES. The expanded Common Word List is
currently being edited to remove nonwords. This will reduce the total number
of words in the list from about 37,000 words to about 14,000 words and thus
allow faster operation of the system,

SUPPLEMENTARY TECHNICAL WORD LISTS. Although the Common Word List shculd
contain most words in general Navy reading material, it does not contain many
technical terms used in specialized reading material. Therefore, it was
necessary to construct supplemental 1ists for use with certain kinds of
specialized material.

The technical supplementary lists contain technical terms which are
frequently used and commonly known by technical specialists but not by a non-
specialist. For example, an electronics technician would certainly know the
meaning of "capacitance" whereas a nonspecialist might not. These supplemental
lists are a necessary part of the CRES for the editing of text dealing with
technical specialties, otherwise the system would flag words like "capacitance"
appearing in electronics training materials. Word list categories were
chosen to coincide with clusters of ratings within the Navy that use a common
core of technical terms. Three Navy occupational groupings were suggested by -
the Job Oriented Basic Skills (JOBS) Program. The JOBS program is designed
to improve the basic skills of sailors with aptitude scores too low to allow
them to enter "A" schools. Categories for the lists include: propulsion
engineering, electronics, and administrative-clerical. Table 3 shows the
three occupational categories and sample ratings within each category.

TABLE 3. OCCUPATIONAL GROUPINGS SUGGESTED BY
JOB ORIENTED BASIC SKILLS (JOBS)

Three Occupational Categories and Ratings Within Each Category

Propulsion Engineering Electronics Administrative-Clerical
Boiler Technician Gurner's Mate Yeoman
Engineman Electronics Personnelman
Machinist's Mate Technician Storekeeper

The words which were combined into the final three supplementary lists
were taken from three sources: (1) chapters from the Naval Sea Systems Command
Manual NAVSEA $9086, (2) glossaries taken from relevant rate training manuals
and Navy training courses, and (3) technical word 1lists taken from manuals
published by the Defense Language Institute. After merging words from the
three sources for each of the specialty areas, the combined lists were each
judged for appropnriateness by subject matter experts. References for each of
the sources, and the lists to which each contributed, are contained in ap-
pendix C along with the lists.
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The first source of supplementary words, NAVSEA manual, was chosen
because it is a reference source carried aboard many Navy ships and because
it contains text generally representative of Navy technical manuals and
training materials. A computer frequency analysis was used to identify the
most frequently occurring technical words. Words on the Common Word List
were excluded from this frequency count. Chapters dealing with Tighting and
basic electronics contributed to the electronics list. Chapters dealing
with damage control and disposal of hazardous materials contributed to the
propulsion engineering 1ist. Chapters dealing with administering funds and
records and reports contributed to the administrative-clerical list. The
text of the six chapters was available on magnetic tape. Words that appeared
at least twice were included on the initial 1ist that was subjected to
editing by appropriate subject matter experts.

The second source of technical words for the supplementary lists we.e
appropriate rate training manual glossaries. Five rate training manual
glossaries were used to obtain technical words for the electronics list, two
were used to obtain words for the propulsion engineering list, and one was
used to obtain words for the administrative-clerical list. In addition to
the rate training manuals cited at the end of appendix C, two glossaries
from Navy training courses contributed to the lists: (1) a handout used in
Basic Electronics and Electricity "A" School at Orlando, Flordia (electronics
list) and (2) a handout used in the propulsions strand of JOBS taught at San
Diego, California (propulsion engineering list).

The third source of words for the supplementary technical word lists
were glossaries contained in manuals published by the Defense Language
Institute (DLI). The subject matter for the LLI training courses corresponds
to the three specialty lists. The titles of the DLI manuals and the specialty
Tist to which each contributed are Basic Electronics (electronics list),
Maintenance and Mechanics (propulsion engineering Tist), and Clerical and

Administrative, (clerical-administrative 1ist).

Words from each of the sources were combined to form a single list for
each of the specialties. Subject matter experts (noncommissioned officers
and petty officers with appropriate ratings) identified the most important
terms in their specialty in a two part process. Initially, a single expert
checked those words which "A" School graduates (as listed in table 3) should
know. Then a new computer printout was prepared containing only the terms
checked. Three subject matter experts then independently rated words on the
reduced list using the same criterion. Words in the final supplementary
lists, as contained in appendix C, are those that at least two of three
subject matter experts identified as necessary to perform the particular
specialty.

WORD SUBSTITUTION LISTS. A word substitution dictionary is a feature of the
system because a good way to improve the readability of a manual is to
replace awkward words with simpler or more specific words. A word sub-
stitution 1ist can help an editor to do this. The words to be replaced are
unnecessarily long, unfamiliar, or perhaps imprecise. The recommended
substitute {or substitutes) is shorter, more familiar, or more precise.

Once undesirable words are identified and substitutes offered, the writer
makes a decision as to whether or not to replace the word with one of its

14
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proposed substitutes. A word substitution list and the Common Word List can
help a writer with word control.

Two existing word substitution lists were adapted for use in the system.
They were the Army Word Substitution List (Cir 310-9, 15 December 1978,
Headquarters Department of the Army) and the Navy Verb List (DOD-STD-1685(SH)).
Fach 1ist consisted of words needing replacement with at least one, sometimes
two or more, recommended substitutes. A few of the substitutes were phrases,
but most were words. Only two substitutes were retained. The Army Vord
Substitution List (excluding phrases, which were put on a special phrase
list) contained 183 words paired with recommended substitutes. The Navy Verb
List contained 108 verbs with recommended substitutes. The Navy Verb List
also included a number of verbs designated "Use more specific verb" and a
number of verbs which were "recommended verbs"; these were not included in
the word-substitution list adopted for TAEGs system from the Navy Verb List.
Some overlap was noted among the Ariy List, the Navy Verb List, and the TAEG
Common Word List. The purpose of this approach was to test the lists as
Separate units.

Both of the above lists had been compiled using expert judgment. The
major criterion for the inclusion of words in the Army List was that substi-
tutes should be short and often one syllable; thus, its recommended substitutes
are the common words of the language. Selection of words for the Navy Verb
List followed several quidelines contained in DOD-STD-1685(SH). "The simplest,
most familiar, and most concrete words---shall be used. Short words, words
typically learned early in life,---shall be preferred.” "Concrete and specific
language shall be used---", and "nonspecific verbs shall be avoided in favor
of verbs designating specific user actions."

To summarize, two strategies were used in compiling the substitution
lTists: the use of simple, common words and the use of specific verbs.
Example 1, table 4, shows substitutes that are common verbs; example 2, table
4, shows substitutes that are more specific verbs than the ones replaced.

TABLE 4.  EXAMPLES OF DIFFERENT SUBSTITUTION STRATEGIES

Example No.

and Type of

Strategy Word Substitute Form
1. Substitutes that are .

more common verbs affix put verb

than the ones replaced . .

(From the Army List) constitutes is verb
2. Substitutes that

are more specific mate attach verb

verbs than the ones

replaced stop shut-down verb

(From the Navy Verb List)
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In the original substitution lists each word appeared with its recom-
mended substitute(s) in only one form. Since a word can appear in a variety
of inflected forms in text, each word and its substitute(s) was transformed
into several inflected forms for use in computer editing, thus expanding the
word substitution lists. Only transformations that maintained like meanings
for words and their substitutes were used in the expanded lists.

Table 5 contains a listing and examples of the master guidelines by
which transformations of words were achieved. The only transformations used
on the Navy Verb List were those which produced verb forms, thus retaining
the original nature of the list. The three verb transformations plus the
original verb form are shown in example 2 of table 5. Irregular verbs
departed from these rules somewhat, usually requiring a past participle form
in addition to the four forms shown in example 2, table 5. An irregular
verb and its transformations are shown in example 3 of table 5.

A1l inflected forms of a werd were considered to be variations on one
root word if they were all of the same part of speech. The root word would
be the form originally appearing in the list, and in the case of nouns or
verps would usually be the singular noun form or the plain verb form (see
examples 2, 3, and 4 of table 5). When evaluation was of the words them-
selves, root words were the unit of evaluation.

The expanded Army List contained 725 different word foEms, and the
expanded Navy Verb List contained 431 different word forms.  The number of
root words was 261 for the Army List and 108 for the Navy Verb List. The
expanded Army List is contained in appendix D and the expanded Navy Verb
List in appendix E.

EDITING PROCESS

The operation of the system is illustrated in figure 2. The first step
i to select those features of the system which are to be included. Then
text is entered either by keying or through the use of magnetic tapes or
some other machine-readable mediun. After teat is entered, each word,
excent proper names, is compared against the words in a series of lists:
the Common Word List, any of several supplemental word lists, and the word
and phrase substitution list. If a word is not found on the Common Word
List and any supplemental word list which might be in use, it is flagged.
[f a word or phrase contained in the substitution list is encountered, it is
flagged and one or two generally better substitutes are provided.

4 A few of the inflected forms of the Army List had been excluded prior to
this count. These exclusions were due to the word and its substitute being
inappropriately matched for this particular form. The total number of
such exclusions was 22.
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Figure 2. Flowchart Showing Phases of Editing
by the Computer Readability Editing System
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The printout in figure 3 contains this text along with computer-generated
editing notes. Changes and corrections are done by the author or editor
using his judgment as well as the computer-generated suggestions.

The printout illustrates features of the editing system which:

. flag uncommon words--those not on the Common Word List or supple-
mentary technical word lists being used

. flag long sentences--those over 22 words
. suggest replacements for awkward words and phrases

. provide the grade level of difficulty according to the DOD
readability standard--the Flesch-Kincaid Formula.

In addition, the system flags misspellied words if they are not on the
Common Word List.

The printout in figure 4 shows the revised text. All changes made were
suggested by the CRES. Note that the reading grade level of the revised
text is 8.0, a considerable improvement over the 17.1 grade level of the
original text.

An additional, more detailed example of the evaluated and revised
text using the CRES is shown in appendix G.
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------------------ READABILITY RESULTS e ettt b Dttt
Number of Sentences Number of Words Number of Syllables

95 164
Avg. Number of Words per Sentence Avg. Number of Syllables per Word
31.€6 1.72
GRADE LEVEL (Based on DOD Readability Standard)
17.1
------------------ WORDS NDT ON BASIC LIST D et 3
WORD FREQG WORD FREG
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/ 1/ This sentence contains 32 words - consider shortening it.

/ 2/ This sentence contains 44 words - consider shortening it.

Figure 3. Warnings About Electrical Equipment;
Computer Analysis of Original Text
with Hand Editing Notes ?
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Do not reach within or enter the [(enclosurel to service or adjust
the equipment by yourself. Make sure another person able to help is
with you. Do not depend upon door switches or interlocks ¢for
protection; always shut down motor generators or other equipment.
Do not remove, or short circuit any access gate, door, or other
safety interlock switch. Only authorized maintenance personnel can

do this. Do not depend on the interlock switches for removing

voltages from the equipment.

------------------ READABILITY RESULTS Tt T TR

Number of Sentences Number of Words Number of Syllables
7 79 129
Avg. Number of Words per Sentence Avg. Number of Syllables per Word
11.28 1.€3
GRADE LEVEL (Based on DOD Readability Standard)
8.0
—————————————————— WORDS NOT ON BASIC LIST e il B L R Dt
WORD FREQ WORD FREG
enclosure 1

Figure 4. Warnings About Electrical Equipment;
Computer Analysis of Revised Text
(Grade Level 8.0)
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SECTION III
TEST OF THE COMPUTER READABILITY EDITING SYSTEM

Fach feature of the CRES was tested using carefully chosen samples of
text representative of a wide variety of Navy training materials and tech-
nical manuals. Altogether more than 10,000 words of text (described below)
constituted the test passages.

The following paragraphs describe the test materials, specific pro-
cedures used to evaluate the CRES, and the results of this evaluation.

TEST PASSAGES

The passages used to test the Common Word List and the word substitution
lists included: (1) FORCAST (Caylor, Sticht, Fox, and Ford, 1973) and
Kincaid (Kincaid, Fishburne, Rogers, and Chissom, 1975) passages, {2) Naval
Sea Systems Command (NAVSEA) passages, and (3) instructional and procedural
passages. The test passages, except for the Kincaid and the FORCAST passages,
are contained in appendix F. This appendix also contains a listing of
source documents from which the passages were taken.

The FORCAST and the Kincaid passages are general test passages taken
from a variety of military texts. These test passages were used originally
to develop readability formulas specifically for military use and were
considered appropriate to test the CRES as well. The overall reading grade
level of these passages covered a range of readability levels from the seventh
grade to college graduate.

The NAVSEA passages were used to test both the Common Word List and the
word substitution lists. These were selected because they are frequently
used aboard ship to describe various common operating and maintenance tasks.
These are technical manual chapters that cover a wide variety of occupational
specialties such as damage control, electronics, lighting, and hazardous
materials. The overall reading grade level of these NAVSEA passages is
relatively high; the approximate grade levels were from the 12th grade to
well above college graduate level.

The procedural and instructional test passages were also used to test
both the Common Word List and the word substitution lists. The instructional
passages were taken from manuals on such topics as aircraft radar maintenance,
uniform regulations, Army equipment operations, and damage control. The
procedural passages were taken from missile maintenance instructions and
tactical computer maintenance instructions. The readability grade levels for
these passages are in the low range; grade levels ranged from the 8th to the
12th grade.

In summary, the test passages cover a wide variety of material that Navy
enlisted personnel would have to read. They have been taken from procedural
and instructional texts as well as training manuals and were written at a
wide range of readability grade levels.
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EVALUATION OF CRES FEATURES

~.
READABILITY FORMULA. The readability fonmgég was the first feature of the
system to be programmed for the compu*er and~tested. The Flesch-Kincaid
formula is based on the number of sentences, number of words, and number of
syllables. An accurate manual count had been made of each of the 18 passages
used in the present analysis. Agreement between the manual and computer
counts was nearly perfect. Correlation coefficients for each of the pairs

of these three factors were above .99.

COMMON WORD LIST. Evaluation of the Common Word List was basically a sub-
Jjective process. It consisted of judging whether or not words flagged as
uncommon did, in fact, appear to be uncommon. Each passage from the test
passages was analyzed using the Common Word List. A listing of words not on }
the Common Word List was printed at the bottom of each analyzed passage. As
a result of a subjective judgment by the authors of this report, it was
concluded that the Common Word List was sufficiently complete for most
purposes. It was judged that fewer than 1 percent of words in the test
passages were inappropriately flagged as uncommon.

WORD SUBSTITUTION LISTS. The word substitution 1ists required a more thorough
evaluation than other features of the system because each substitution made

in the CRES analysis of the test passages had to be separately judged by a
variety of measures. A description of these measures is presented next,
followed by the results of the application of these measures to the test
passages.

ot il ghoe

Evaluation Criteria. Three measures were selected to be used as criteria to
evaluate the word substitutions:

Bt

° the reduction in grade level from a word to its first substitute,
where grade level means the lowest grade in which most individuals
know the meaning of the word

° the change in specificity from a word to its first substitute,
where specificity is determined by the number of different meanings
of a word

. the percent of proposed substitutions that were judged accurate, or
appropriate.

Reduction in grade level is a measure of special importance because of
its relation to the first of the two word requirements stated in DOD-STD-
1685(SH). As discussed above, paragraph 4.4.1 of DOD-STD-1685(SH) emphasized
that words used in publications should be simple, familiar, and learned early
in life. Both the Army List and the Navy Verb List were designed using this
concept.

The evaluation was applied to two different units: individual words
with their recommended substitutes and entire substitution lists. The Tist
evaluation is valuable in determining how well already-existing substitution
lists perform in actual use. The individual word evaluation is valuable in
deciding which word and recommended substitute pairs to keep and which to

24
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discard. For word evaluation, the different inflected forms were grouped
into root words, as described above, and the root word was the unit of
evaluation.

Grade Level Reduction. The reduction in grade level from a word to its
first substitute was determined by use of The Living Word Vocabulary (Dale
and O'Rourke, 1976). This publication is a national inventory of the word
knowledge of children and young adults in grades 4, 6, 8, 10, 12, 13, and
16. A grade Tevel was obtained from this source for each word and for each
first substitute.® This was usually the grade at which at least 67 percent,
but less than 85 percent, knew the meaning of the word.® The reduction in
grade level was obtained by subtracting the substitute's grade level from
the word's grade level. After finding the grade level reduction for each
word and first substitute pair in this way, the grade level reduction for
each Tist was determined by taking ;he mean grade Tevel of all word and
first substitute pairs in the Tist.’ Generally, the lower the grade level
of a word, the more familiar it is. When substitutes reduce grade level,
they are replacing words with more familiar, simpler substitutes.

Specificity. Change in specificity was determined by referring to specific
information contained in Dale and O'Rourke (1876). Words often have several
meanings. Dale and 0'Rourke listed only what they considered the most

common definitions for each word. For each word and for each first substitute,
the number of meanings listed in this source was found. Since being specific
means that a word has relatively few meanings, the fewer the number of
meanings the more specific the word. If a substitute has fewer meanings

than the word it replaced, the substitute is more specific than the original E
word, Conversely, if the substitute has more meanings, it is not as specific
as the original word. The change in specificity for an entire list was
determined by taking the average number of meanings for words and for first

£

“For a few words or substitutes a grade level was not available. A grade
level reduction could not be determined for such cases. When the grade level
was missing for either a word or its first substitute, both were excluded
from computation of the mean grade level reduction for the list.

bMany common words have several meanings. Dale and 0'Rourke 1ist all of the

| commonly used meanings for each word, with a grade level for each meaning.
The intended meaning of each word in the Army List and the Navy Verb List
was usually obvious when the word was compared to its recommended substitute.
Likewise, the intended meaning of each substitute was usually obvious when
the substitute was compared to its word. Percent levels of 67-85 were
arbitrarily chosen by the authors.

7The N for this mean was the total number of word forms in the list minus the

number of pairs which were excluded. The number of pairs excluded from the
Army List was 123 of 727, and the number excluded from the Navy Verb List
was 152 of 431,
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substitutes of the list agd then comparing them to find the mean change in
specificity for the 1list. »9

Percent of Accurate Substitutions. The appropriateness of word substitution
was rated by two TAEG personnel assigned to the computer readability editing
project using a rating scale which featured a forced-choice (accurate vs.
inaccurate) decision plus an assessed degree of the accuracy or inaccuracy.

The rating of accuracy of a substitution was based on whether the
substitute would have the same meaning in the context of the passage as the
original word and would fit the sentence well. Whether the substitution made
reading easier was judged by grade level reduction and specificity; thus,
accuracy was judged by similarity of substitutes. Only the word with the
higher rating was used because writers would use only the better substitute.

Evaluation of Two Word Substitution Lists. The Army List and the Navy Verb
List were evaluated for specificity, grade level reduction, and percent of
accurate substitutions. Separate measures were kept for three types of
passages: NAVSEA, procedural, and instructional. As mentioned above, the
NAVSEA manual is a widely used document containing both procedural and
instructional passages.

2 el

Grade level Reduction. For the Army List the mean grade level reduction from
a word to its first substitute was 7.9 to 5.0, a mean reduction of 2.9 grade
levels. For the Navy Verb List the mean grade level reduction from a word to
its first substitute was 7.1 to 4.9, a mean reduction of 2.2 grade levels.
The grade Tevel reduction was greatest for the Army List, but both lists
showed substantial reductions.

Specificity. The mean change in specificity from a word to its first substi-
tute for the Army List was from 1.98 meanings to 4.27 meanings, an increase
of 2.29 meanings. For the Navy Verb List this same change was from 2.66
meanings to 3.86 meanings, an increase of 1.20 meanings. For both lists,

; going from words to their substitutes caused an increase in generality
although reducing grade level.

8Some words and some first substitutes were not listed by Dale and 0'Rourke
(1976). When either a word or its first substitute was missing, both were
excluded from computation of the mean change in specificity for their list.
The number of excluded pairs for the Army List was 22 and for the Navy Verb
List was 34. This mean was based on the number of words in the original
substitution lists prior to expansion. The Ns were then, for the Army List,
183 minus 22 and for the Navy Verb List, 108 minus 34.

9Da]e and 0'Rourke {1976) did not list all meanings of each word. Using
criteria of their own they apparently selected enough meanings of each word
to cover its usual uses. The selection of different meanings is discussed
by Dale and 0'Rourke on page III of the introduction. Because not all mean-
ings were used, the number of meanings listed by these authors might not be
an interval scale of specificity; this measure should be an excellent
approximation to specificity, however, at the rank-order level or better.
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Tradeoff Between Grade Level Reduction and Specificity.
between Tists in these measurements.

more specific but had less grade level improvement.

ment.
surprising.
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There was a tradeoff

The Army List achieved the most grade
level reduction but at the cost of specificity.

The Navy Verb List was

The substitutes were
more familiar and simple but less specific than the words they replaced.
Thus, the substitution 1ists moved in the direction of the first requirement
of DOD-STD-1685(SH) but did not move in the direction of the second require-

That only one of these measures moved in the desired direction is not
Common words usually have more meanings than uncommon words;
therefore, to increase familiarity is usually to reduce specificity.

Some

substitutes satisfied one requirement while others satisfied the other
requirement, but most reduced grade level.

Percent of Accurate Substitutions.

substitutions which were judged accurate.
means of two raters.

Table 6 shows the percent of proposed

The values in the table are the
Separate values were calculated for each list and kind

of text.
TABLE 6. PERCENT OF PROPOSED SUBSTITUTIONS JUDGED ACCURATE
AND NUMBER OF PROPOSED SUBSTITUTIONS
(BY LIST AND TEST SELECTION)
List Type of Text Overall
NAVSEA Procedural Instructional
Army
No. Proposed
Substitutions 112 103 125 340
Percent of
Accurate
Substitutions 71.0%* 77.2%* 80.4%* 76.2%%*
Navy Verb
No. Proposed
Substitutions 50 129 43 222
; Percent of
Accurate
Substitutions 46.0%* 66.0%* 74.0%* 66.1%**

*

The percent was computed for each rater and then averaged over the two

raters.

** The total number of accurate substitutions divided by the total number
of proposed substitutions for each rater, averaged for the two raters.
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For each text selection the Army List was nigher in accuracy of substitu-
tions than the Navy Verb List with an overall difference between the two
lists of 13.2 percent. The Navy Verb List had an especially low percentage
of accurate substitutions when used with the NAVSEA text. The Army List also
had its Towest percent of accurate substitutions when used with the NAVSEA
text, but the difference between this percentage and those with the other two
text selections was less severe with the Army List than with the Navy Verb
List.

The test of the Army List showed it to give accurate substitutes with
reasonably good success--three of four proposed substitutions had the correct
meaning. Also, its percent of accurate substitutions was fairly consistent
over different sources of text.

The Army List made more than 1% times as many proposed substitutions,
overall, as the Navy Verb List made, presumably because the Army List is
longer and is not restricted to verbs.

The Navy Verb List made many more proposed substitutions when it was
used with the procedural text than when used with either of the other two
types of text--three times the number of proposed substitutions made with the
instructional text and over 2% times the number made with the NAVSEA text.
That this was not due to the procedural text being longer can be seen by
Tooking at the number of proposed substitutions made by the Army List--fewer
with the procedural text than with the other two selections. The Navy Verb
List's increased number of proposed substitutions when used with the procedural
text was probably related to the criteria guiding the 1ist's construction.

In comparing the Army List and the Navy Verb List, the Army List produced
the largest grade level reduction, the highest overall percent of accurate
substitutions, and the greatest overall frequency of accurate substitutions.
The Navy Verb List proved to be more specific than the Army List.

The Army List produces simple words as substitutes, produces them in
fair numbers, and with reasonable accuracy. Also, it seems to perform con-
sistently when used with text selections from different sources. The only
i problem associated with its use is that the substitutions usually are more
i general than the words replaced. The Army List seems to be reliable and use-

ful in a variety of situations.

The Navy Verb List seems to have its greatest usefulness with a particular -
type of material--highly technical writing, such as descriptions of proce-
dures to be followed. This list produces many proposed substitutions when
used with such material and produces them with sufficient accuracy. (It was
competitive with the Army List on this type of material.) Thus, the Navy
Verb List seems to be more specialized than the Army List, working best on
the material for which it was apparently designed.

This evaluation of the Army List and the Navy Verb List has been based

on the complete lists. Modifications of the lists might result in still
better performance.
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SECTION 1V
CONCLUSIONS AND RECOMMENDATIONS

This section contains conclusions about operation of th