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SDMMARY AND RECOMMENDATIONS

MILITARY PROBLEM

Whenever the job or training performance of military personnel is
adversely affected by inadequate literacy skills, the Armed Services face -.
a literacy problem. The Services cannot rely upon the nonaccePtanceor
limited assignments of marginal literates to avoid this problem. Times
of increased mobilization or lower economic opportunity will bring a
certain percentage of marginal literates into the Services, as will
considerations of equal opportunity and upward mobility. Furthermore,
the increasingly technical nature of military documentation demands high

. literacy skill levels; even.personnel of moderate reading ability may fall
short of these high levels.

The overall "literacy problem," which involves both oral and written
language skills (oracy and literacy), has two sides: (1) the personnel
side - problems of assessment of the literacy and oracy skills of personnel
and of attempts to raise those skills through literacy training; and (2)
the materials side.- problems of assessment of the reading difficulty
(readability, comprehensibility, useability) of job and training materials
and of attempts to lower the difficulty of those materials and to other-
wise modify job and training requirements to reduce their literacy demands.

RESEARCH AND DEVELOPMENT PROBLEM

The Armed Services have active research and development efforts which
address both sides of the literacy problem. Considerable R&D activity on
this problem also exists outsie.e the military. Increased interaction
between Armed Services and civilian R&D personnel would provide opportunity
for fresh insight and ideas for future R&D activities within the Services.
To meet such an objective, an agreement was made to hold a Conference which
would bring together key military and civilian personnel in these R&D areas.

APPROACH

A Conference on Reading and Readability Research in the Armed Services
provided an opportunity for an exchange of ideas between military R&D
personnel and civilian consultants. In this interchange, past and present
Armed Services R&D efforts, delivered in perspective papers, were discussed
in Working Group sessions which met to consider recommendations for future
R&D. Historical papers were delivered by J. Dexter Fletcher (NPRDC),
Jack Hiller (ARI), and James R. Burkett (AFHRL). Papers on current
research on the Personnel side of the literacy problem were delivered
by Thomas Duffy (NPRDC), John Caylor (HuirRRO), and Steven Groff (AFHRL).
Papers on the materials side of the literacy problem were prepared by
Thomas Curran (NPRDC), Arthur Siegel (Applied Psychological Services),
.Richard Kern (ARI), Robert Johnson (AFF1RL), and William Muller (NAVAIRSYSCOM).

1



The civilian consultants, who led the Working Group sessions, were
Jeanne Chall (Harvard), Samuel Gibbon (Children's Television Workshop),
Robert Glaser (LRDC), John Guthrie (IRA), George Klare (Ohio University),
Michael Macdonald-Ross (Open University), Ernst Rothkopf (Bell Labs),
and Richard Venezky (University of Wisconsin). Macdonald-Ross presented
the Conference keynote address, "Research and the Transformer," which
gives a unique perspective to R&D efforts. This volume presents a record
of those Conference activities.

MAJOR RECOMMENDATIONS

While the Conference generated many specific recommendations and
suggestions for future R&D, these recommendations may be grouped into
four main concerns.

(1) The need for each Service to develop a comprehensive plan .

leading toward .a total career development program. Such a program would
incorporate R&D efforts on both the personnel and the material sides of
the literacy problem and would provide the individual with access to
literacy training and job training, when needed, throughout his career
development.

(2) The need for functional, job-related literacy training. Unlike
general literacy training, functional literacy training can integrate into
job training and on-the-job experiences, providing motivation in terms of
successful job-related performance.

(3) The need to coasider oracy skills as well as literaey skills.
Oral language skills can affect the nature and amount of literacy training,
and also job training, that will be most effective for an individual.
Much research on oracy skills remains to be done.

(4) The need for more basic research in the areas of reading,
readability, comprehensibility, and useability. Such research would
increase our knowledge of the processes involved in reading anci reading
training; the increased understanding would, in turn, help us to produce
both better readers and better reading materials,

2



FOREWORD

In October :315 a ConTerence On Reading and Readabty Research
in the Armed Serices war Leld at the U.S. Naval Postgraduate School
in Monterey, California. Th:-2-Conference brought-together representa-
tives from research and development organizations within che U.S. Air
Force, Army, and Navy, operational personnel from these services, and
civilian scientists from major universities and other research and
development organizations to discuss mutual concerns on issues of read-
ing assessment and training, and the design of more readable and use-
able technical documentation. This report presents the procedings of
the Conference and additi.nal papers resulting from post-Conference
deliberations.

The Conference vias ft:nded by all three armed services. Specific
organizations, and peoTle in those organizations whose aetivities.made
the Conference possible arn:

Air Force Office o ::entfic Research, Dr, Alfred R. Fre*

Air Force Human Ressurces Laboratory, Dr. James R. Burkett

Army Research Institue
for the Behaviora] Socal Sciences, Dr. J. E. Uhlaner

Navy Personnel Res:-.0nc' and Development Center, Dr. Edwin Aiken

Offici= oF Naval P. Marshall J. Farr

In addition 17.o th-:? -reqoing persons, Dr. Joseph Uarrl oF the Army
Research Institute For Behavioral and Social Sciences contributed
considerably to the development of interest in and support for the
Conference.

The task of servina dr technical monitor for the project fell to
Dr. Marshall J. Farr of the Office of Naval Research. In this role he
served as the primary contact for HumRRO personnel, coordinated contract-
ing and Conference planning meetings among the various service organiza-
tions, and provided counsel and assistance on various matters pertain-
ing to the conduct and reporting of the Conference.

Rear Admiral Ishan Linder, Superintendent, U.S. Naval Postgraduate
School, kindly made the filcilities of that-institution available for the
Conference. Captain Dean Taylor, Jr:, Chief of Staff of the USNPGS,
acted as host and provided Faipport for the Conference. Mrs. Ruth Guthrie,
Confe:-ence Coordinator at the USNPGS, performed valuable.services in the
arrangement of facilities and services for the Conference.

The Conference was conducted by the Human Resources Research Organi-
zation, Western Division, where Dr. Howard H. McFann is Director. Dr.
Thomas G. Sticht was Principal Investigator for the project. Mrs. Diana
Welty Zapf served as Conference Coordinator and AssociDte Editor of the
Conference proceedings.

The work was-performed under Department of the Navy Contract N00014-
76-C-0312 issued 5y the Office of Naval Research under Contra.ct Authority
NR 154-385, with funding support supplied by the Office of iiaval Ress3rch,
the Navy Personnel Research and Development Center, the Army Researc:h
Institute for the Uehavioral and Social Sciences, and the Air Force Office
of Scientific Research.
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THE CONFERENCE ON READING & READABILITY RESEARCH
IN THE ARMED SERVICES

BACKGROUND TO THE CONFERENCE

The Literacy Problem: Producing Better Readers

In the midst of Project 100,000 in November of 1970, a Woithing aoup
on Listening and Reading in the Armed Seiwicez convened at the Presidio
of Monterey, California. The purpose of this Working Group was to study
the literacy problems created for the Armed Services by the large influx
of less literate men of Project 100,000.

As a consequence of its deliberations, the Working Group prepared
a recommendation for literacy research and development in the Armed Serv-
ices and submitted this recommendation to Dr. Ralph Canter, then Director
of Research, Office of the Assistant Secretary of Defense, Manpower and
Reserve Affairs.

In April of 1974, the Manpower Development Division of the Air Force
Human Resources Laboratory released a Repokt On Litekacy Tkaining Pko-
gAam14 in the Akmed Sekvicez (McGoff & Harding, 1973). This report con-
tains a Prologue signed by the then Deputy Assistant Secretary of Defense
for Education, Mr. M. Richard Rose, who comments on the problem of lit-
eracy as it continues beyond Project 100,000 and into the All Volunteer
Force. This Prologue states:

It appears h.ig:tly probable that the estimates of a con-
tinued flo-.7 of ;Ir.:essions with:reading problems into the Armed
Forces are ess.,:lly correct

. . .

The need for a more .comprehensive effort on this problem
is evident in the unanimous recommendations of the Working
Group on Listening and Reading in the Armed Services made in
November 1970. This recommendation was that 'literacy train-
ing be designed following a system approach, which would include
the thorough assessment of literacy requirements of the various
military occupations, the orderly structuring of training pro-
grams geared to satisfying the occupational requirements, and,
moLt impoAtantey, well designed evaluative procedures to pro-
vide feedAck for program improvement' . . .

Progress.in dealing with the literacy problem is essential
if the productive potential and more effective utilization of
a portionADf our manpower resourCes are to be achieved.

.

(McGoff & Harding, 1973, pp 9-10.)

As this quotatioaindicates, as of April 1974, there was continued
concern within the Armed Services with training problems.posed by the need
to utilize personnel having low literacY skills. Since then, the economy
has stimUlated many more academically capable youth to seek employment in

13



the Armed Services, and the problem of extremely large numbers of margin-
ally literate personnel has at least receded, although it has not dis-
appeared completely. Furthermore, it seems likely that if economic con-
ditions in the nation were to improve considerably, the Services would
once again face the problem of providing literacy training to accommodate
less apt personnel.

Facing the,foregoing problem directly, all three Services Army,
Navy, Air Force today are vigorously researching methods for provid-
ing reading training in an optimal manner for career development of all
personnel. This means that, while attention is ,being given to the very
lowest level of reader who is likely to enter the Service, there is also
concern with the development of reading training for personnel reading
anywhere below the high school level. Many of the higher quality recruits
entering the Services today under the press of economic insecuLity are
reading well below the high school level for which they are certified by

-diploma. Hence, even with the higher quality input into the Services
today, there is a continued need for research and development on methods
for providing literacy training for career development. And, indeed,
such research is underway in all three Services.

The Literacy Problem: Producing Better Reading Materials

A major problem facing many military personnel is that the technical
manuals, training literature, job performance aids, and other written
materials that they are given are frequently of such poor quality (high
difficulty, poor format, incomplete,poorly organized) as to.render them
practically unuseable, 1 regardless of a person's readin ability. Again
thin problem has been well recognizd by the three Services, and active
resparth and development programs are currently underway to improve tech-
nical documentation. The success of these R&D efforts should lead to re-
duced reading demands of technical materials in many military jobs, and
hence, render such jobs more accessible to less literate personnel (as
well as producing materials more useable by all personnel).

The R&D Problem

Thus, the Armed Services have research and development programs which
take two main approaches to literacy problems: R&D to pnoduze bztterL
tteadehiS through literacy training, and R&D to pkoduce be,tte,t keadi_ng
mate/Labs, i.e., to reduce the difficulty levels of manuals, texts, and
other printed materials. However, in recent conversations with scientists
'in each of the Services, it was acknowledged that there is currently a
great deal of research and development activity outside the Armed Services
on problems of literacy and design of textual matetial which has relevance
to the problems found in the Armed Services. A need was expressed by re-
searchers within the Department of Defense to communicate with experts on

1
In thits report, we u!!,e LI-v.: spelling MeabiZAIty rather ::11.:tn w,ahUity. We
1,elieve that LIAO former ,ipelling helps preserve the semantic rel.:A:Ann

Ltó C. and tuS eftbi.U: cj, a relaVan of ma j or impor tnncle in imp rilving
In,! ter Lah; .
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literacy and readability from civilian institutions. It was felt that
such discussions might provide fresh, creative insights for long-term
solutions to the recalcitrant problems of literacy and improvement of
technical writing which the Services face.

A Conference on Reading and Readability Research in the Armed Services

Because of the expressed desire by many Armed Service R&D personnel
to meet with and interact with civilian literacy experts, as well as to
interact with each other in response to convetsations with civilian ex-
perts, the Human Resources Research Organization (HumRRO) proposed to con-
duct.a Coniekence on Read.i.ng and Readabitity Resevich in the Atred SehviCe.S.
Such a Conference would bring together Armed Services R&D personnel, con-
cerned military operational personnel, and civilian experts in literacy
and technical writing to focus specifically upon literacy and technical
writing R&D problems within the Atmed Services.

This proposal was discussed with representatives of the Office of
Naval Research, the Navy Personnel Research and Development Center, the
Air Force Human ResoUrces Laboratory/Technical Training Division, and the
Army Research Institute for the Behavioral and Social Sciences. During
these meetings, basic agreement on the need for such a Conference was
reached, and it was also suggested that, following the Conference, a w,yrk-
ing group composed of representatives from the R&D organizations of the
Navy, Army, and Air Force and the Conference Chairman from Hun:RI:0 should
meet to consider the proceedings of the Conference and to study recommen-
dations for R&D in reading and readability from the Conference for inte-
gration into the Conference Proceedings for wide-scale dissemination.

As a consequence of the negotiation meetings with the four R&D organ-
izations from the Armed Services, the Office of Naval Research, Personnel
and Training Research Programs Division, was authorized to act on behalf
of the three. Services and to contract with HumRRO to conduct the Con4ekence
on Reading and ReadabiEity RmeaAch in the kuned SeAvicez.

OBJECTIVES AND FORMAT OF THE CONFERENCE

Major Objectives of the Conference

The goal of the Conference, that of exchanging ideas in consideration
of the course of reading and readability R&D, is embodied in these major
objectives:

1. To bring together military R&D and operational personnel with
civilian experts in the fields of reading and readability of technical
writing to discuss the Services' problems in these areas; to discuss
what the Services have_ done, what they are currently doing, and what
each Service is anticipating for immediate next steps in these areas;
and to exchange idans and insights for additional actions which might
be taken to pursue solutions to the problems of literacy and technical
writing encountered by the Services.

15



2. To develop, through small-group discussions wf key issues and
:Lea papers produced by the civilian experts based upon their reflec-
tions of the Conference, information which would he reviewed,in post-
Cemference, tri-Service meetings to develop recommendations for future
'e&D in reading and readability.

3. To produce a published document containing the proceedings
of the Conference, including the recommendations evaluated in the
tri-Service, post-Conference meetings, which would bring the Armed
Services concerns with literacy and readability of technical writ-
ing to the attention of a wide range of Department of Defense per-
sonnel and civilians interesf-ed in thdse vital issues.

Format of the Conference

The ConfePenoe on Reddina and Readability Resea2c.:71 t;;e Armed
Services was held on October 28-30, 1975, at the Naval Postgraduate School
in Monterey, California. The mornings were devoted to presentations of
perspective papers prepared by research personnel for and from the Air
Force, Army, and Navy.. The papers dealt with (1) r,at R&D on literacy
training and readability, (2) ongoing research on literacy training, (3)
ongoing research on improving the readability of technical writing, and
(4) 0i7g0::ng research on improving the useability of technical writing
through consideration of Factors other than those involved in readability
research (e.g., format, organization, selection of content via task anal-
ysis). Following each paper, a non-Service related civilian expert in
reading or technical documentation (readability, design of texts) commented
On the paper. These experts served as conSultants to the Conference and
were available to ,Service representatives throughout the Conference. The
perspective papers and the comments by the civilian consultantS are con-
tained in Part II of these Proceedings.

In the afternoon sessions, the expert consultants to the Conference
conducted five Working Groups dealing.with these R&D topics: (1) reada-
bility, (2) design of texts and graphic material, (3) training systems
and materials, (4) literacy training prograMs, and (5) basic skills in
reading (phonics, comprehension). These Working Group sessions discussed
various issues in these topic areas and suggested recommendations for
future research.

At a general meeting of conferees on the last afternoon of the Con-
ference, The Working Group leaders (the civilian consultes) presented
oral summaries of the key issues and recommendations to emerge in their
groups. At this same general meeting, operational personnel from each
of the three Services delivered oral statements of resc.r'i and develop-
ment needs from an operational perspective. The combined observations
and suggestions that emerged from the Conference are presented in Part III
of these Proceedings.

In addition to the papers in Parts II and. 311, twi p;Ine w.-70 prepared
which present perspectives un literacy training and deign of materials that
cut across all three Services. These'papers follow in the remaining pages
of Part I.

16
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LITEC"r7,Y TRAINING IN THE ARMED SERVICES

Thomas G. Sticht

Human Resources Research Organization

,Throughout their histories, the Armed Services have contended withthe problens of training young adults.who are characterized by their slow-ness td learn, low
"performance on various aptitude and classificationtests, and poor performance on tests of academic skills (reading, arith-metic). Several chapters in the present volume discuss the past and cur-rent efforts within the Air Force, Army, and Navy to deal with personnelhaving low academic skills through the provision of remedial literacytraining. Generally, the upshot of these reviews is that current liter-acy training efforts
are inadequate for the job. The papers by Caylor(Army), Duffy (Navy), and Groff (Air Force) all point to the lack of con-vincing evidence for the effectiveness

of short-term (6-8 weeks) remeialreading programs of the type favored by the military since World War II,and which are currently in operation in the three Services.
The attempt to cope with problems

resulting from the accession ofpersonnel of low literacy skills by providing remedial literacy trainingis only one of four strategies which have been used by the Armed Servicesfor dealing with this problem. The three remaining strategies includenot accepting marginally literate personnel; accepting these personnel,but assigning them to jobs requiring only low levels of academic skills;and redesigning of training and job materials to accommodate the less lit-erate personnel. As with remedial literacy training, none of these stra-tegies has proven entirely satisfactory. The following pages provide amore detailed discussion of all four strategies and suggest reasons forthe lack of satisfaction with these approaches as they have been imple-mented up to now.

Following the.discussion of the four strategies for dealing with lit-eracy problems,- a general plan is discussed for the development of a.train-ing system which would not only provide training in technical job skillsand knowledge,,but which would also incorporate the teaching of basic andadvanced literacy skills within the context of job skills training.
In presenting the four strategies for contending with literacy prob-lems and the general plan for an integrated job skills/literacy skillstraining system, problems are discussed of a conceptual and methodologicalnature which will have to be resolved if any course of action based on theassessment or training of literacy skills is to be meaningfully

accomplished.
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STRATEGIES FOR DEALING WITH LITERACY PROBLEMS

Four strategies have been folloWed at various times to cope with the
problems of illiteracy (or marginal literacy) in the Armed Services. Two
of these,strategies, selection and classification, depend for their suc-
cess upon adequate assessment instruments for predicting who will be suc-
cessful or unsuccessful on the job. The remaining tvo strategies involve
the development of training programs for A.ower ;ptitude, less literate
personnel. In one approach, the person's low theracy skills are consid-
ered as a fixed characteristic of the person, ani modification of-,job
technical training programs 3,:o adapt to the person's lower-than-normal
capabilities is attempted. ln :le fourth strtegy, an attempt is mdde to
produce a more adaptive person through the provision o5 basic literacY,
skills training.

Nonacceptance of Illiterates

One way to overcome the probleas resulting from low literacy skills
in inductees is to avoid them. From time to time, the Services have
raised admittance standards with the result that large numbers of mar-
ginally literate men were excluded from service. In general,.standards
have been raised during intervals of rFaative military quiescence and
lowered during periods of military activity, such as the Korean and
Vietnam conflicts.

There are, however, several problems associated with the strategy
oE nonacceptance that limit its fruitfulness. For one thing, as with
many other abilities, it is not a simple matter to accurately assess a
man's literacy skills at the selection station. Hence, large numbers of
potentially useful men may be turned away, while some who are not useful
may be accepted.

The problem of accurately selecting men on the basis of their liter-
acy skill is compounded by the fact that, until the research reported by
Caylor in this volume no attempt had been made to accurately identify
literacy skill levels required by military jobs and training schools.
Therefore, there were no adequate criteria for selecting cutoff points
on selection tests.

Both of the foregoing problems are concerned with assessment the
first with assessing the man, and the second with assessing the job re-
quirements. A third problem affecting the usefulness and desirability of
the strategy of nonacceptance concerns training. Manpower needs are such
thau it may become necessary, under conditions of large-scale mobilization,

:

to enlist marginally literate men. If these men are not accepted during
peacetime and the training methods needed to keep pace with technological
change developed to effectively train Such men, then new training tech-
niques and methods will have to be deVeloped under the stress of mobil-
ization, when expediency rather than effectiveness may be the predominant I

training motive.
1
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Perhaps the most significant results of the nonacceptance into the
military of marginally literate peOple is that a large and needy segment
of the population is not able to reap the benefits of the training, edu-
cation, social development, and practical experience that accompany mili-
tary service.

Limited Assignments

The problem of using marginal literates also has been dealt with by
assigning these people to jobs that have "minimal" requirements for read-
ing. This strategy has not worked well for several reasons. First, as
with the other strategies reviewed, adequate definitions of the require-
ments for reading skills in different jobs have not been available; hence,
it has not been possible to accurately state "minimal" requirements for
reading skills.

A second difficulty is concerned with selecting job proficiency lev-
els for establishing reading requirements. Individuals qualified for
entry-level jobs are not necessarily qualified for advanced level jobs.
This may be a.particular problem for marginal readers because higher level
positions tend to place higher demands on reading skills. In work for the
Navy, Sticht et al.(1976) found that the amount of time spent in job-
related reading increased as a function of rank, with pay grades El-E3
readiAg 0.7 hours; E4-E5 reading 1.7 hours; and E6-E7 reading 2.1 hours
per day. Similar findings were reported in a Department of the Army (1968)
survey of the primary reasons for reading among Army officers and enlisted I

men. For enlisted men, the percentage of job-related reading gradually
increased from 2% for Els, to 25% for E8s, and then dropped to 16% for E9s.
Thus, higher levels of pay and responsibility seem to require a greater
amount of reading. To assign personnel to nonreading "tracks" at the
start of their careers is to place a definite limitation on their career
development and restrict their range of utility (say, through cross-
training or re-training as new jobs open up) to the Services.

A third problem with the limited assignment approach to dealing with
personnel of low literacy skills is that in most instances, advanced-level
positions are filled with personnel from the entry-level jobs. The assign-
ment of a man with the marginal requirements needed for an entry-level job
may result, perhaps because of combat casualties, in his promotion to a
leadership position, with possible devastating effects for him and the men
he leads.

Another difficulty with the policy of assigning the marginally lit-
erate to a job having relatively low requirements for literacy and arith-
metic skills concerus the overall effectiveness of that entire job field.
This may be reduced if the job becomes flooded with marginals. Therefore,
some means are necessary for distributing these people equitably among
jobs.
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Methodological Considerations_in Determining Reading Demands of Jobs

The strategies of nonScceptance and limited assignments for marginally
literate personnel both require, for their most effective implementations,
information about the reading demands of jobs. Questions such as "What are
the reading requirements of different jobs?" "How well does a person have
to read to be able to do the job?" "What jobs can less literate personnel
perform?" all require, for their answers, information about the reading
demands of jobs. However, aS the following review reveals, the determina-
tion of the reading demands of jobs is not a straightforward matter.

Review of literature indicates that reading demands of civilian and
military jobs have been stated in two ways. In one way, reading demands
are stated in terms of the types of reading mt.terials and reading tasks
the job involves. In a second approach, reading demands of jobs have been
expressed as a single index number the reading grade level of general
reading ability needed to perform well on the job. The first approach can
be called the zummalLy ta6k 'statement method of stating reading demands of
jobs. The second approach can be called the 6ummaAy index numbek method
of stating.reading demands of jobs.

Estimates of Job Reading Demands Given in Summary Task Statements

In this approach, job analysts or others usually interview management
personnel, and sometimes workers, to determine whether -or not a given job
requires the use of reading materials. If so, then a simple statement to
that effect is recorded in the job requirements.

As an example of this approach,.we can cite the Army Regulation,
5/..U.sted MititaAy OccupationaZ Speciat,tie's (AR Reg 611-201, 5 Jan 67).
In this regulation, reading requirements for the Field. Radio Repairman
are given'as: "Requires verbal ability to read and understand technical
material pertaining to maintenance of field radio equipment." The mechan-
ic (Ground Vehicle Repairman): "Requires verbal and reasoning ability to
read and understand technical material pertaining to equipment being main-
tained . . . " The Military Policeman: "Requires verbal ability to inter-
view witnesses and interrogate suspects, prepare written reports of find-
ings, and read communications."

Recent work sponsored by the Navy (Sticht et al.11976) describes an-
other method of- specifying reading tasks. In this case, a checklist of
materials is compiled and people indicate which kinds ofmaterials they
read in their job; e.g., notes, notices, messages, manuals, etc. A similar
method was used by Sharon (1972) to obtain an indication of what kinds of
materials the adult population in the Unites States read. While such meth-
ods more precisely identify what people read than does the foregoing ap-
proach, they fail to identify why people read certain materials.

A recent project by the Department of Manpower and Immigration of
Saskatchewan, Canada, has refined the method of summary task statements to
obtain a more finely grained view of the reading tasks performed in various
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career fields (Smith, 1975). In this study, an attempt was made to find
out both what kind.s of materiels.are read in these jobs (e.g., notes,
memos, letters, directions, instructions, policy manuals, procedural man-
uals) and what Aeading taZkZ are performed in these jobs (e.g., read to
locate and understand the main point or idea, to follow directions, to
put details in sequence or order, to notice and interpret how facts or
details are related, to make comparisons).

To obtain this information, interviewers at times showed pictures
of the general type of material they were talking about. For instance,
in determining if a given job required the reading of graphs, two graphs
were shown as exemplars and interviewees were asked to indicate whether
or net they read similar graphs in performing their job.

Thus, this method of deriving summary task statements goes beyond
the preceding method in that it deals not only with what must be read in
greater detail, but on why a person reads in a given job. Additionally,
the Canadian work has distinguished entry-level reading requirements from
advanced level requirements by asking respondents to indicate what read-
ing tasks they performed when they first entered the job, and what read-
ing tasks they presently perform.

It is clear that the Canadian method provides more useful informa-
tion than tha typical summary task statement or list of materials people
read. however, even though the Canadian approach far surpasses the typi-
cal cummary task statement in specification of reading tasks, it
fails Lo precisely specify reading' tasks. For instance, the question of
What ril..-zteAiaLs job holders read versus why they read are asked separately.,
wlz,hout reference to one another. Thus, though we learn that, in a given
job a person reads policy manuals, and this same person reads to follow
dil-co:Iions, we do not know that the person reads to follow directions in
policy manuals. A more eNplicit statement of a reading task would include
both a statement of what was read and why it was read.

There is also reason to question whether people can rate their per-
formance of a generic readin2 task, when all we can prear:nt are specific
diplays (texts, figures, tables) with their specific content and (unspe-
cified) dimensions of complexity, legibility, and so forth. The Canadian
study presented numerous displays which people used as generic displays,
ven though each display was a "species" of the "genus". But Chat study
did not hnve any way of determining the extent to which a genus versus a
species basis accounted for people's judgments. The work by Sticht et al.
(1976) found evidence to suggest that people may not respond to the genus
aspect.of a species display, hut rather, to the content of the latter.

Additionally, responding to informationd.splays with a simple "yes,
T read things like that" or "no,I do not read things like that" does not
define a ta6k, because to "read" is not defined; though, since figures
and tobles are considered to be "read", a general definition like "extract-
ing information from visual displays" may be necessary. But, extraction
of information can o on at various levels. For instance, one can extract
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information about the kind of type (pica?) used; about the color of the
ink, etc. Or, one can extract information useful for constructing ideas
represented by the message encoded in the printed display. If the latter
is the goal, then we need to know what type of information is being sought
for what types of ideas and with what type of given display.

.!..7stimates of Job Reading Demands Given in Summary Index.Numbers

Educator Estimates of Job Reading Demands: Perhaps the most widely
used method for staLing reading demands of jobs is the reading grade level
(RCL) index number. This appears to have come about because the need to
state reading demands of ::obs has usually occurred along with the need for
literacy training programs. For instance, as Hiller indicates in this
volume, in World War II, the Army was required to establish literacy train-
ing for many illiterate personnel. It was decided that the goal of such
training should be to produce skill in reading up to the level typically
achieved by children in the fourth grade. This level was established by
educators as a "guestimate" of the minimal reading demands of Army life.
Since WN II; whenever large mobilization efforts have resulted in the
induction of large numbers of marginally literate personnel, such as with
P-roject 100,000 in the mid-sixties, the Air Force, Army, and Navy have all
established reading training programs having an RGL index number as the
goal of the program (cf, the papers of Part II of this volume). In Pro-
ject 100,000; the Air Force established a goal of grade 6 ree.ding ability
for its reading program, the Army set its goal at a grade i level, and the
Navy produed 'graduates in the 5.0 to 5.5 RGL range. No documentation of
the beFes/for these etimates has been found.

Job/Pending Demands Derived from job Analysts' Judgments: In civilian
setting4, the Department of Labor (DOL) has sought ways to establish the
reading/demands of jobs, again for the purpose of providing guidance on
objectives for programs for preparing marginally literate persons with
marketAble reading skills.

In the DOL approach, job analysts estimate the levels of General Edu-
catioual Development (GED) required for various jobs, based on interviews
with job incumbents, suporvisors, and observation of the job being per-
formed. Jobs are then categorized as requiring one of six levels of GED.
These levels have been developed to roughly parallel school-based educa-
tional development. Hence, for example, a GED of level 1, is said to
approximate the education obtained in. grades 1 through 3, level 2 parallels
4 through Gth grade education, etc. (Phillips, 1970). Thus, when a job
is assigned a GED level, it has also been assigned a reading grade level.
To say a job has'a level 2 GED, is to say it requires a 4th- to 6th-grade
rendinz ability.
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This approach, like that of ft. educator's estimate, is a ju.dgmentat
approach, which calls for an-estimate by the job analyst. Thcugh rela-
tively low in cost,the lack of specificity in .the rules for a=iving at
a judgment of the GED level, and hence reading level of the job, and the
absence of empirical information which validate the estimates of the job
analyst (or educator) renders this method too imprecise and uncertain for
establishing reading demands Of jobs.

Readability Estimates of Job Reading Demands: The development of,
methods for estimating the reading grade level of difficulty of various

. reading materials, by specially constructed readability formulas, makes
possible a relatively low cost method for estimating reading demands of
jobs. By applying a readability formula to samples of job reading mate-
rials, an average reading grade level of difficulty for the materials can
be computed, and used to represent the reading requirements of the job or
job training program.

Readability formulas have typically been constructed by two means.
In one approach, prose passages from school textbooks of various grade
levels are sampled and features such as average sentence length, number
of one-syllable words in 100 words, and so forth, are determined. These
features are then used in col-relational analyses to find out how well
they .ccIn be used to predict the school grade level of material. Generally,
one finds that average sentence length,and word length increases as mate-
rials from higher grades are sampled. Because of this positive correla-
tion, it is possible to obtain a sample of material, determine, average
values for features such as sentence and word length, enter these values
in a regression equation, .and then state that materials having those val-
ues are typically found, say, in the Oth grade of school. Therefore, the
material is said to be of 6th-grade diFficulty, and by definition, re-
quires 6th-grade reading skills.

The preceding approach to the construction of readability formulas
does not involve any dirett measure of people's abilities to 'comprehend
the materials.. .7rt is not known in that case whether 1/3, 1/2, 1/4, etc.
of the 6th-grade students can actually comprehend the material having the
structural features typical of materials found at the 6th grade. For
this reason, most readability formulas have been constructed to relate
features of tetual material such as sentence and word length to perform-
ance on tests of comprehension of the material. Then a reading grade
level is assigned to the material by setting a criterion of accuracy on
the comprehension test, say 70% correct, am determining the earliest
grade level at which some designated proporLion of people, say 50%, get
70% correct on the comprehension test. If it happened that, on a given
comprehension test, it was not until the 6th grade that 50% of the stu-
dents got 70% correct, then that material would be assigned a reading
difficulty or readability value of 6th grade.
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To use such a formula for determining the reading demands of.a job,
one must:

1. Identify job reading materials.

2. ,Sample the materials representatively.

3. Calculate the critical features (e.g., average sentence length).

4. Use these features in the readability formula to obtain an
estimate of the comprehension score 70% of the people would
get if they were to take a comprehension test like the one
used to construct the formula.

5. Convert that score to a grade level score using appropriate
tables. (If step 4 provides a direct estimate of.reading diffi-
culty in reading grade score equivalents, then step 5 is un-
necessary.)

6. Obtain the average reading grade level of all the materials
sampled. This is the reading level demanded by the job.

Clearly, the foregoing method for determining reading demands of jobs
is a function not only of the features of the text materials, but also of
the comprehension test items, the criterion set as acceptable on the com-
prehension test (e.g., 70% correct), and the criterion set for the propor-
r.ion of people at each grade level (e.g., 50%) who must.achieve the cri-
terion score. As an example, in a study for the Army (Caylor, Sticht,
Fox, & Ford, 1973) changing the criterion score on the comprehension test
from 30% correct to 35% correct, a 5% increase, changed the reading grade
level assigned to some materials by as much as 2 to 3 grade levels!

Beyond these problems inherent in the methodology for developing
readability'formulas, there are additional problems in using this approach
for determining reading requirements of jobs. For one thing, it may not
be possible to obtain a representative sample of job materials, nor even
to determine the proper domain of materials from which sampling should be
done. In this regard, a major difficulty can arise due to the distinction
between the .6oluma2 job tazia oeci6icatims and-the actual, in0Amat. job
ta/5124 which are performed on a day-to-day basis. The problem is that, if
supervisors, management, or content experts are consulted to find out what
reading materials a person must use in doing,the job, they are likely to
base their statements on their conception of the 6omat, or even idealized,
job and prepare a list of materials which no one could reasonably be ex-
pected to encompass, and which are in fact not used in the work-day acti-
vities.

Interviews with employees may also produce a distorted sample of job
reading materials if employees tend to "fake good" in response to how much
and what it is they read. On the other hand, experienced employees may
fail to report certain reading materials which they used in first entering
the job, but no longer use. It is necessary,, therefore, .to ensure that
new and old employees are interviewed in identifying job reading materials.
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A second problem with readability measures is that they tend to set
reading requirements somewhat-higher than do the other empirical methods
to be discussed below. Work by Caylor, et al.(1973) showed that some
Army jobs would require 12th-grade Or higher reading skills if readability I

factors alone were considered. But because many persons with reading
skills well below the 12th-grade level were successfully zompleting car-
eer education programs and performing successfully on the job, we must
regard the reading requirements suggested by the readability analysis
with some caution.

Estimates of Reading Demands of Jobs Stated in Index Numbers Derived
from Correlating Reading and Job Proficiency Measures: A general method
for estimating job reading requirements is the traditional psychometric
procedure .used for validating selection and classification tests. In this
procedure, performance on a reading predictor test is related via corre-
lational techniques to performance on'a job proficiency test. -If a suf-
ficiently high relationship exists, cut-off scores on the reading predict-
or variable can be selected to increase the probability of obtaining stu-
dents or employees who will reach an acceptable level of achievement on
the job proficiency.criterion measures.

--

In research for the U.S. Army (CaylOr, this volume) this psychometric
model was.applied to determine reading demands of four jobs: Cook, Mech-
anic, Supply Clerk, and Armor Crewman. Some 400 men experiended in each
job were administered standardized reading tests and two measures of job
proficiency: a 4- to 5-hour individually administered job sample test,
in which men performed actual job tasks derived from extensive job and
task analyses; and a job knowledge, paper-and-pencil test designed to
include questions about information actually needed to do the jobs.

To establish reading demands of these jobs, it was necessary to de-
velop decision rules for determining what level of reading skill was asso-
ciated with a desirable level of proficiency in the job sample and job
knowledge tests. The decision rule finally arrived at stated that the
lowest level of reading which should be used to establish the reading de-
mands of the job is the level at which men would not be expected to be
overrepresented in the bottom quartile of performers. In this case, the
criterion of job proficiency was a relative, one, being defined in terms
of quartiles. It was judged that if a person was performing at a level
below 75Z of his fellow job incumbents, and if this was systematically
related to reading skill, then it would not be overly demanding to target
the objectives of a reading training program to a level associated with
not being overrepresented in the lowest one-fourth of job performers.

It should be noted that, in the foregoing case, the puvo u. of the
exercise in estimating the reading demands of jobs in this case to
derive a goal for reading training entered into the formulation.of the
decision rules for setting criterion levels of job proficiency and for re-
lating reading skills to those criteria on both job sample and job knowl-
edge tests. In the project under discussion, all persons tested were, in
fact, working in their jobs and, by virtue of this fact, could be construed
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as successful job performers. Hence, the decision rules had to be formu-
lated to discriminate among S'uccessful job performers for the purpose of
deriving goals for reading training. If the purpose of the determination
of reading skills demanded of a job is,to screen out people or classify
them for limited assignments, then a different criterion (e.g., attrition)
and different decision rules would be called for.

While the method of correlating reading and job proficiency criteria
is a general approach with established methodological techniques, it has
some serious limitations. For instance, because the job proficiency meas-
ures are likely to be only indirectly mediated by knowledge.which may have
been previously learned by reading, relationships of reading to job sample
performance should be expected to be smaller than relationships among gen-
eral reading measures and job reading tasks or other paper-and-pencil
measures of job proficiency. These considerations, plus the fact that the
costs of constructing and administering an extensive job-sample test to
job incumbents in a representative sample of jobs are prohibitively high,
would seem to mitigate against the use of job sample criterion tests for
all but fundamental research purposes.

Correlating reading skill with job knowtedge is a standard, straight--
forward approach to determining job reading requirements which might readi-
ly be used in various job or training settings with existing personnel job
knowledge tests. However, it may not be certain that reading test scores
are correlating with job knowledge per se they may be correlating with
the reading demands-of the job knowledge test. Application of this method
on a broad scale would seem to be justified only if it could be shown that
job knowledge, and not general reading skill per se, was needed for scor-
ing well on the job knowledge tests.

Furthermore, the method of correlating reading skills with job pro-
ficiency measures such as job sample tests, job knowledge tests, attrition,
and similar criteria to establish reading levels of jobs provides no direct
indication of how well a person must read to perform job Azadinj tasks.
Many job tasks can be performed without reading, and may be learned by
watching and imitating others. For this reason, reading demands of jobs
may be over- or under-estimated whenever non-reading criteria are used to
establish relationships of reading skills to job proficiency.

Estimates of Reading Demands of Jobs Derived from Job Reading Task
Tests: To render the correlational analysis technique more directly rele-
vent to job Aeading demands, it may be possible to relate general reading
skill to performance not of job tasks in general, but rather to perform-
ance of job /Leading tasks; i.e., tasks in which reading is required.

In research of this nature for the Army (Sticht, 1975c) Cooks, Mech-
anics, and Supply Clerks were interviewed at their job sites. In the
interview, each man was asked to identify reading materials he had used
in performing some job task. Copies of these materials were obtained and
analyzed as to the reading tasks involved in using them. TaSkasuch as
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"reading tables of contents", "reading indexes", "reading procedural di-
rections", "reading tables of standards and specifications" were identi-
fied. Special job reading task tests (JRTT) were constructed which tested
the ability of men to'perform the different job reading tasks.

The JRTT and a general reading test were administered to several hun-dred Army personnel. With these two sets of scores, it was then possible
to relate various criterion levels of achievement on the JRTT to the gen-eral reading grade level at'. ability needed to achieve this criterion.

Using this approach, and by averaging over the various reading tasks,it is possible to indicate general reading levels associated with various
criterion levels of performance on the job reading taSks as a group.
Given this information, and a decision about the criterion level of per-
formance which job performers or job aspirants should display on the job
reading tasks, a general literacy requirement can be estimated for eachjob.

In the Army research, it was found that if a criterion of excellence
was chosen such that 70% of the people were expected to get 70% correct
on the job reading tests, the general reading requirements for the Cooks
field'was 7th-grade level, for Mechanics - 8th-grade level, and for Supply
Clerks - 12-grade level.

The job /Leading taisk teist metito represents the most direct approach
to deternining job reading requiremer in that it takes as its criterionmeaTh 1:1e reading score on the JRTI, a samPle of actual and commonlyused jo rcading materials. To the extent that the job reading passages
constituting the JRTT .:omprise or represent all the reading tasks of the
job, and to .the extent that the tasks people are asked to perform on the
JRTT represent tasks people have to perform on the job with those materi-
als, then the ability to read the JRTT passages is the ability performthe job reading tasks and thus, to meet the job reading requiremeut.

Additionally, it should be noted that using the JRTT method, readingskill level requirements will change depending upon the criterion of per-
formance selected. This latter problem, i.e.,.the problem of specifying
a criterion,must be dealt with in any approach to the determination of
reading requirements.in which criterion performance measures are obtained.
The question is one of "how good is good enough"? It is poSsible to saythat all people should be able to perform all reading tasks with 100%
mastery. But if there are restricted manpower pools, and if many job
reading tasks are quite cmplex, this would seem an unrealistic goal.

The Validity of Estimates of Reading Demands of Jobs

From the foregoing discussion it should be apparent that there is no
such empirical "thing" or "stuff" or "event" or "condition" known as"the reading demands of a job". Reading demands are not di6covehed, they
are cteated by procedures which are more or less systematic and performed
according to more or less specifiable rules. The question of the vaZiiaty
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of any estimate can only be answered with respect to a model or theory
of job-related reading which'Would define systematic procedures for ob-
tain?Ing estimates of reading demands of jobs for various purposes permit-
ted by the theoretical constructs inVolved.

In the absence of such a theory, it may be easier to know that an
approach is not valid than to know that one is. For instance, the ques-
tion of validity seems clear with the readability approach: it in no way
involves figures and tables in the estimatef and Sticht, et al.(1970
found in their structured interviews with Navy personnel that only 32%
of the reported reading tasks involved 'texts only; 62% used figures or
figures and texts combined (the remaining 6% was "no response").

The job reading task test method demands a theory for constructing
reading tests which can be applied to a sample of reading tasks. But,

if we are to be certain that these reading tests match the information
processing which was done-in the actual performance of the reading task
on the job, then the theoretical constructs in the "reading test model"
must be incorporated into the interviews or other approaches used to ob-
tain the sample of reading tasks, because, since reading is a "private"
act, it is necessary to query people about their information processing
during the performance of a reading task in order to discover whether or
not they perform the types of information processing involved in the mod-
el of reading.

Perhaps the most valid estimate of the reading difficulty level of
military jobs would be obtained by having personnel of various reading
levels perform the actual job tasks and reading zubtasks which were re-
ported to have been performed. But, what would be scored? Completion
of the job task? Perhaps some could be completed even though some or all
of the reading material was not understood. How would one know? Would
speed of reading be scored? Would it matter? Could nne thendevelop an
inventory, as in the Canadian study, for general use in determining read-
ing demands of all jobs which job analysts could use in a discriminating,
reliable manner? How would this be determined?

These considerations indicate some, though clearly not all, of the
conceptual and methodological problems involved in the use of the strat-
egies of nonacceptance and limited assignments based on reading require-
ments of jobs for coping with problems engendered by low literacy skills
of personnel. Hopefully, awareness of the procedures and problems dis-
cussed here will be useful in future research to develop more adequate
tethniques for the assessment of the reading demands of military jobs.
Additional discussion of these types of problems can be found in Bormuth
(1975).
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Modification of Training and Job Requirements

A third strategy for dealing.with the problems of low literacy skills
is to redesign training and job materials to minimize the importance of
such skills. Under this strategy, training schedules and practices may be
modified to meet.the skill levels of different individualo. This, written
instructional material may prove adequate for certain individuals, but the
same instructions might best be presented in some other way for individu-
als having relatively low reading skill levels.

The application of this approach is illustrated by consideration
of two primary recommendations regarding the training of Mental Category
IV personnel presented in a review of some five years of study by the
Naval Personnel and Training Research Laboratory.

1. Do not assign Group IV personnel to Navy ratings that
have high verbal, computational, or conceptual require-
ments. (The storekeeper rating is an example.)

2. In general, training programs should minimize reading
requirements (including written tests) and theoretical
knowledge and should utilize pictorial materials, simpli-
fied terminology, and ptactical illustrations. The
actual performance of job skills should be. stressed.

Steineman, Hooprich, Archibald, & VanMatre, 1971, p. 8.)

The Navy laboratories are not alone in their conclusions regarding
the advisability of usin,; reading materials for training Category IVs.

_

In a report of an extensive series of studies an the development of train-
ing techniques for'use with Category IV personnel, Army research concluded::

For the low aptitude groups, printed programs or programmed
texts were the least effective technique. On the basis of this
study we conclude that written material as the primary medium
should be used with low Category IV personnel only as a final
recourse. (Bialek, Taylor, & Hauke, 1973, p. vii.)

Papers:in the present volume present evidence of the concern for
reading demands of jobs and job training programs by reducing the reading
difficulty level of materials. (See papers by Burkett, Curran, Hiller,
Johnson, Kern, and Muller.) As these papers suggest, lowering the diffi-
culty level of the printed materials is an important step. However, -his
approach, by itself, cannot be expected to "solve" the literacy problem.
The extent to which the reading difficulty level of technical materials
can be lowered is limited. After a certain point, it becomes necessary
to start simplifying and deleting,the more demanding job knowledge re-
quirements. The result can be to render a person useable only in a very
limited job assignment. This may be a satisfactory state of affairs when
manpower is unlimited and jobs can be fractionated and specialists who do
nothing but a small part (:)f the job can be used. However, we -re in a
time.in which weapons systems and associated publications systems are
growing more complex and voluminous, as Muller's paper in this volume re-
ports. Accompanying this growth in weapons/documents systems has been a
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reduction in the numbers of personnel in the Armed Services. The .fact

that there is more to do with-fewer people precludes the "divide and con-
quer" strategy involving more and more specialists. In fact, what is
needed are mcre and more generalists, and to have flexibility, a person
must have the fundamental literacy/cognitive skills to adapt to new job
demands as they occur.

Oa the other hand, as Glaser comments in this report, caution is
required to assure that job training programs are not overly complicated
by the excessive use of language written or spoken. Olson's (1975)
trenchant discussion of the problem of over-emphasizing literacy skills
in training programs is particularly apt.

The nature of schooling per se tends to make literacy
relevant to many nonliterate tasks simply because the means
of instruction, worked out to permit the group instruction of
large numbers of students, tends to require literacy. Many
tasks, if taught in a practical context, on a master-apprentice
basis, allowing for attempts at performance accompanied by feed-
back, could be taught with very low literacy demands. To teach
the same tasks on the basis of group instruction immediately
transforms the task into a lit-erate one presumably this is
the case whethez or not one uses printed materials or lecture
materials. In both cases, a practical task is changed primarily
into a verbal one calling for the analysis and memory of
ntatements instead of a pattern of action This is well illus-
trated in the familiar poem by Henry Reed, called Naming of Parts.
The poem illustrates our problem. The use of a rifle by a
soldier is certainly a practical action. But to permit group
instruction in its use, and perhaps to permit group performances
).E certain kinds, the practical action is dissolved into dozens
of verbal descriptions which are then memorized. In this way,
practical action is transformed into a task of verbal learning.
Once any practical action is so transformed, literacy skills
become relevant to the acquisition of practical action. Hence,
the reportedly high correlation between literacy skills (IQ
roughly) and success in such things as military training. But
that correlation occurs, it may be argued, simply because of
the form of instruction employed; it may not occur with the
practical actions themselves. . . . Here is Reed's poem:

Today we have naming of parts. Yesterday,
We had daily cleaning. And tomorrow

morning
We shall have what to do after firing. But

today,

Today we have naming of parts. Japonica
Glistens like coral in all of the,neighboring

gardens,
And today we have naming of,parts.

2 9
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This is the lower sling swivel. And this
Is the upper sling swivel, whose use you will

see

When you are given your slings. And this is
the piling swivel

Which in your case you have not got. The
branches

Hold in the gardens their shy, eloquent
gestures,

Which in our case we have not got.

This is the safety-catch, which is always
released

With an easy flick of the thumb. And please
do not let me

See anyone using his finger. You can do it
quite easy

If you have any strength in your thumb.
The blossOms

Are fragile and motionless, never letting
anyone see

Any of them using their finger.

And this you can see is the bolt. The purpose
of thls

Is to open the breech, as you see. We can
slide it

Rapidly backwards and forwards; we call this
Easing the spring. And rapidly backwards and

forwards
The early bees are assaulting and fumbling

the flowers:
They call it easing the Spring.

They call it easing the spring: it is
perfectly easy

If you have any strength in your thumb: like
the bolt,

And the breach, and the cocking-piece, and
the point of balance,

Which in our case we have not got; and the
almond-blossom

Silent in all of the gardens and the bees
going backwards and forwards,

For today we have naming of parts. Henry Reed

There are two points to be madL First, the very demands
of large group instruction tend to translate even practical
tasks into highly literate ones. Such translation is prejudi-
cial to people with lower degrees of literacy such learners
will make slow progress and will be regarded as dull, even if
they ultimately make-the best performers. (Olson, 1975, pp. 149-152.)
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While there can be no denying that marginally literate personnel can
be trained in motor skills using "hands-on" methods and utilized in less
demanding occupations, there is reason to question the long-terit value of
the strategy of nonverbal training, both from the Services' perspective
and that of the trainees. For one thing, though reading materials can be
eliminated from training programs, it is doubtful that they can be removed
from on-the-job use. The reason is that printed materials serve as repos-
itories of needed facts (e.g., standards and specifications, procedural
directions) which, if not accessible by means of reading skills, must be

.

memorized in training. Since equipment and.proceddres may change afite&
a man has completed training, it would prove very expensive to redesign
a training program to provide nonreading, hands-on training every time
such changes occur. A primary function of print is, in fact, to replace
tbe need for direct, hands-on, personalized instruction, thus expanding
the individual's range of utilization.

With regard to career development, the strategy of avoiding the use
of printed materials, starting early in a man's career, may foretell a
limited level of achiPvem0n* later on whn'aotilal job demands call For
greater use of'reading materials, as indicated above.

The problem for the design of training is to insure that the train-
ing prepares personnel for performing all entry-level tasks including
both motor skill and literacy tasks.

Remedial Training

A fourth strategy sometimes used by the Services in an attempt to
solve the problems associated with low literacy is to provide remedial
training in reading. The chapters by Fletcher, Hiller, and Burkett review
remedial reading training efforts in the Services up to the end of the '50s,
while Caylor, Duffy, and Groff discuss current literacy training programs
in the Army, Navy, and Air Force.

For the most part, literacy training in the Armed Services has been
closely associated with major mobilization efforts; namely, World War II,
the Korean Conflict, and Vietnam. During suCfi efforts, large numbers of
personnel are needed, and it becomes necessary to recruit large numbers
of persons having low literacy skills. The typical response, then, has
been to initiate a remedial reading program to train these people to read'
at some minimal level plLumed adequate for coping with the basic demands
for reading in the military. For the basic reading programs established
during Project 100,000, the targeted levels for reading achievement ranged
from grade 5.0 to 6.0 across the three Services.

Only a limited amount of data bearing on the effects of military lit-
eracy training programs on job proficiency have been found. Much of the
research to evaluate literacy training conducted prior to Vietnam, sum-
marized in detail in the book MaAginat. Man and MititaAy Senvice (Depart-
ment of the Army, 1965), failed to demonstrate benefits of literacy train-
ing on either job training or job performance, measured in various ways
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supervisor's ratings, retentiQn, pay scale achievement, conduct, and
others. However, these studies also failed to demonstrate that the vari-
ous literacy training efforts improved reading skills over those of con-
trol groups where such comparisons were made. If proficiency in
reading is not genuinely improved, it is meaningless to search for the
effects of such non-improvement on subsequent measures of job training
or job performance proficiency.

Evaluations of literacy programs since Vietnam with respect to their
impaet on training or job Proficiency are scarce, and in no case do.they
isolate the effects of literacy training per se from the effects of having
an additional 4 to 8 weeks of time to adjust to military life and, in most
cases, to receive additional training in military subject matter offered
during the period of literacy training.

In, the case of the Army Preparatory'Program initiated at the outset
of Project 100,000, Fisher (1971) compared men who were successful and
unsuccessful in reading the fifth-grade level of reading and found that
they did not differ greatly on most indices of military status And per-
formance, though successful trainees were slightly more likely to achieve
a higher'pay grade and to be judged eligible for reenlistment.

In an unpublished report by Zaccaria (1971), graduates of the Air
Force remedial reading program showed a much larger completion rate for
basic military training than comparable (in reading) personnel who did
not have remedial reading training. However, the remedial reading program ;

also offered four hours of military training daily, so it is not certain
that the reading training per se resulted in the different success rates
iu basic military training.

1)uffy's paper in the present volume points out the inconclusive
nature of data on the impact of the Marine Corps and Navy reading pro-
grams on later Navy effectiveness. Apparently, adequate studies of this
relationship are not available.

Though it may seem a fairly straightforward problem, the evaluation
of the effects of literacy training on job training'and job performance
proficiency is fraught with many difficulties. What should the measure(s)
of job proficiency be? If hands-on job sample tests are used, is there,
any reason to'believe that limited literacy training will have any effect
on such performance measures? Work bythe Human Resources Research Organ-
ization (Vineberg & Taylor, 1972) compared the job proficiency of men
given job training (8 or so weeks of school training in the performance
of job tasks, not reading training) as Cooks, Vehicle Repairmen, Supply-
men,.and Armor Crewmen to-that of men given on-the-job training. The pro-
ficiency measures were job sample tests based upon task analyses of these
jobs, Results indicated that, for Repairmen and Cooks there was a statis-
tical (but not practical) difference in favor of the men given formal job
training, while there was no statistical or practical differences between
the formally trained and on-the-job trained Armor Crewmen and Supplymen.
(In these comparisons, effects of AFQT, time on the job, education, and
age were controlled by covariance techniques.)
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If eight or more weeks of formal job .t.,uning may have little or no
effect on.subsequent job samiile test performance in these types of jobs,
is there any reason to believe that four; six, or even 13 weeks of Aeading
training will be reflected in such measures? Probably not. Many job tasks
can and will be learned by "show-and-tell" especially tasks of high
frequency znd criticality i.e., the types of tasks emphasized in task
analyses and typically used to construct job sample tests.

Furthermore, except for the ptopundty illiterate (e.g., persons
reading below the grade 2.0 level) which most of the military reading
students are not, it seems unreasonable to expect four to six weeks of
literacy training to meaningfully affect retention rates, rate of promo-
tion, conduct (AWOLS, court-martials), paper-and-pencil job knowledge pro-
ficiency test scores, or supervisors' effectiveness ratings. For the
pw6cluxd.ey aatekate, improvement on any of these indices would be con-
tingent upon successful literacy training up to some requisite level.
The Air Force report by Zaccaria (1971) suggests that it is difficult to
effect much reading improvement with such personnel in as much as 13 weeks
of reading training. In this study, 85% of the men who entered reading
at the first-grade level exited reading at or below the fourth-grade level..

Perhaps the most reasonable criterion measure'pf job proficiency
against-which the effects of reading training might be evaluated would be
measures of a person's ability to perform necessary job tasks involving
reading. Nece56dAy reading tasks.could be defined as those reading tasks
.which a person would have to perform i6 he was working alone on the job
and had no one to turn tb for help in doing a job task. This is a,some-
what artificial situation, since it is rare for personnel to work under
such restrictions. Usually, the marginally literate person can rely upon
someone more literate to handle the reading needed in various job duties.
But if it is desired that each individual be able to perform att signifi-
cant job tasks, including the reading tasks, then it seems reasonable to
evaluate the effectiveness of literacy,training by comparing the perform-
ance on job reading task tests of graduates of the literacy training
program with that of persons of equal pre-literacy training reading skill
levels. It seems reasonable to argue that if reading training does not
improve a person's ability to perform significant job reading tasks, then
it is unlikely that the reading training will affect other, less directly
reading-related indices of job proficiency, such as retention rates,
supervisors' evaluations, job sample tests, etc. 031 the other hand, it
does not necessarily follow that.improved competency in performing job
reading tasks will be reflected in other, non-reading related indices of
job proficiency. In fact, data from HumRRO (Vineberg, Sticht, Taylor, &
Caylor, 1971) indicated that job knowledge and job sample test performance
for the four jobs mentioned earlier correlated only about .5, while Super-
visors' ratings were only trivially correlated with either of the other
indices of job proficiency. There is thus evidence to suggest that im-
provement on one index of job proficiency e.g., the use of job reading
materials will not necessarily be reflected in improvements on other
indices of job proficiencY.
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To date then, tha strategy of dealing with literacy problems in the
Armed Services by providing brief remedial reading progrmils has not been
demonstrated to be an,effective approach to developing more competent,
effective readers capable of contending with the readirg demands of tech-
nical training programs and many reading tasks demanded by military jobs.
Usually, only one or two years of gain in "general" reading proficiency
ar2 produced, which may typically shrink to less than one year after a
few weeks following the reading training (see the papers by Duffy and
Caylor).

It seeMs likely that the belief that adults can be taught to read
in brief periods of time is due to our nut having adequately understood
what we mean by the concept of "literacy". A major (though not the only)
problem is the tendency to confuSe the.information processing skills of
reading and writing with the-knowledge expressed or received by those
skills. For example, in a reading voCabulary test, it is possible to
miss cne item because one lacks knowledge of the word meaning. A person
might be perfectly capable of saying the word out loud, however, thereby
indicating skill in converting the printed word into a spoken word.

It is clear that if a person does not know the meaning of a word,
then our instructional practice must differ from what we would do if the
person knew the meaning of a word when that word was spoken, but could
not recognize the word when presented in the printed form. Tf a person
does not know the meaning of a word when presented in the printed form,
and also does not know the meaning:of a word when presented in the spo-
ken form, then we may conclude that the person will have difficulty un-
derstanding reading material containing that word, but the problem will
not be a reading problem. Rather, it is a language problem which no
amount of instruction in sight/sound correspondences or sight/word rec-
ogaition will remedy.

This distinction between the oral language knowledge a person has and
skill in recognizing the same language form in print is a crucial one for
understanding why brief reading programs are'likely to produce only slight
improvements in the ability to perform various.tasks involviag reading.
The unspoken assumption of reading training programs for adults is that
many illiterate or marginally literate.peorle have a fairly well devel-
oped oral language capability. Hence, a relatively brief period of train-
ing in.decoding skills, i.e., providing knowledge of sight/sound corres-
pondences and opportunities for practicing this knowledge to develop skill,
is considered.sufficient for unlockj.ng the person's oral-language skill
via the printed. word. At the extreme, we might imagine a person whose
oral language skills/knowledge were equivalent to those of a typical 18
year old with 12 years of education, but who had simply neglected to learn
to read. ,In this case, a relatively brief period spent learning the heur-
istics of decoding would permit this person to bring this fully develoPed
language skill to bear on the printed word. In such a case, .the person
might gain as much as 12 years in reading skill with only a few weeks of
decoding training!
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A problem for adult literacy programs is that clients are likely to
be poorly developed in bOth-oral and written language skills. In Air Force
sponsored research (Sticht & Beck, 1976) men iy a military literacy train-
ing program were administered a test of auding and reading comprehension.
The results showed that both oral and written language skills were at the
5th-grade level. These findings are confirmed in research reported here-
in by Duffy using Navy personnel.

The fact that most marginally literate personnel score several years
below the norm for their age grOup in audine indicates that their."lit-
eracy" problem is not restricted to the printed page. Rather, it reflects
in large measure a language processing/comprehension problem. Low oral
vocabulary scores indicate a lack of language knowledge, not just low
skill in processing the connected discourse used in assessing paragraph
comprehension. Because language knowledge is low, reading comprehension
-will tend to be low. Hence, even if a marginally literate person could
decode printed language as well as he could spoken language, his low oral
language skill would retard comprehension. An implication bf this is that
major improvements in reading skills of marginally literate personnel will
require major improvements In language competence (e.g., vocabulary
knowledge).

Carroll (1971) discusses problems involved in measuring growth in
vocabulary (by auding or reading). He cites work by Edgar Dale in which
Dale estimates that children may finish first grade with a vocabulary of
3,000 words. Then he estimates that they will add about 1,000 words per
year from then on through high school, with high school seniors knowing
about 15,000 words.

Accepting this rate cf growth, if marginally literate personnel typ-
ically have vocabularies like beginning 5th graders, then they know about
6,000 words. To achieve a 6th-grade vocabulary, about 1,000 words will
have to be learned. In a 6-week program in which six hours of active
learning occurs each day (an unlikely situation) new words would have to
be learned culd tetained at a rate of six per hour. To reach a 7th-grade
level vocabulary, 12 words per hour would have to be learned and retained.
The problem enlarges.when it is recognized thzIt this rate of learaing is
based upon typical learning rates of typical children. Xarginally liter-
ate personnel, however, usually require anywhere from two to four times
as much time to learn verbal concepts as typical recruits do (Fox, Taylor,
&:Caylor, 1969). For these people,.it seems unlikely that they could
learn and retain six to 1.2 words per hour for six hours a day, or even
half this number. As Carrol has pointed out ". . . basic linguistic corm:-
petence (at least with respect to grammar and vocabulary) is probably
relatively unsusceptible to improvement except over long periods of time
and with tremendous efforts . . ." (p. 130).

1
Auding refers to listening to speech in order to comprehend and is a
parallel term to reading, which refers to looking at printed language
in order to comprehend.
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The data regarding the effectiveness of current literacy training
.programs reported in Part IL of this volume, and the foregoing consider-
ations strangely suggest that the brief literacy programs the Services
have operated in the past and are currently operating take only the first
few steps of a long journey. Furthermore, it does not seem unreasonable
to expect that even the progress gained in the current programs will be
lost because no systematic efforts are made to continue to stimulate the
less literate man to continue his reading development after completion
of literacy training; no job-related, developmental reading materials are
provided, and no n 'icially scheduled time for continued literacy devel-
opment is provided.

A similar concern for continued education and training in reading
following the initial short-term program has been expressed by Kent et al,
(1971) as a result of their examination of civilian job-related adult
basic education (ABE) programs.

Available figures indicate that a single. ABE program by
itself usually accomplishes very little. In most programs,
the advances which occur in reading, writing, and arithmetic
are somewhere around one grade'level, or occasionally twO
grades. Advances in self-confidence may or may not be more
substantial - no figures are available. But new self-
confidence, even if present, is probably fragile.

So the ABE graduate is unlikely to be in a markedly dif-
ferent employability situation than faced him before ABE.
(ote the significance for ABE program goal definition that
program goal statements should refer to making a small start
in an important direction, and that programs should be evalu-
ated not so much by the amount of the start, as by,the real-'
istically useable momentum imparted in the right direction and
by their working linkages-with post:ABE activities.) Post-ABE
help is required to capitalize on these small but important
gains. Either the ABE program should have skills training and
job placement or advancement built into it, or (more to the
point) ABE should be built into a total employment or advance-
ment program. If the ABE is realistically related to what is
going to happen next in work or training, then its results
will be reinforced and expanded upon naturally by the new
work or training situation.

Evaluation of a well organized total job-related ABE
program will result in recommendations for improvements,
perhaps to include additional time with ABE content at later
dates (say 3 months, 6 months, or a year after "graduation").
These later sessions might be even more thoroughly integrated
with job training than the original sessions were.
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Here we are pointing out the.importance of a context for
ABE which will link it with skills training and work. This
context can hardly be supplied by ABE itself, but it could be
supplied by skills training or by work or by some combination.
Many unions and employers have ongoing training programs, in-
cluding classroom work and OJT, to which ABE could reasonably
be adapted and which could supply this ongoing post-ABE support.
Also, many schools (adult vocational schools, community colleges,
and technical institutes) could (if closely enough related to
employment situations) provide support. Any of these types of
post-ABE support could also be made a part of the "selling-
package" for ABE to increase its motivational attractiveness
to students.

ABE is only a beginning, and much more beyond ABE is
needed. But for many ABE students, a long-range view is
entirely uncustomary. The ABE program should be set up so
that it can lead on and on, but it may be inadvisable to_
burden the student with too much thinking about the future.
For motivation and symbolically, glimpses of a distant future
may help. But detailed learning.aztivities should usually be
based on more immediate student interests."

(Kent, Bishop, Byrnes, Frankel,
Herzog, & Griffith, 1971, pp 94-95.)

RESEARCH TOWARD A COMPREHENSIVE CAREER-ORIENTED
LITERACY TRAINING SYSTEM FOR THE ARMED SERVICES

-Because of the many conceptual and methodological problems mentioned
above, and the increasing recognition that the current, brief, one-shot
remedial literacy training-programs are inadequate for the task at hand,
the Air Force, Army, and Navy research papers reported herein by Groff,
Caylor, and Duffy each call for research which would study methods for
validly characterizing literacy demands of jobs, and for the design and
development of literacy training programs_which systematically teach job-
related vocabulary and reading tasks, and which are extensive enough to
permit a long-term period for the development of literacy skills.'

The interest in teaching job-related vocabulary and reading tasks
stems from the aesire to have personnel rapidly acquire the language
needed for their military work. Since "general literacy" is made up of
specific vocabulary, the teaching of job-specific vocabulary adds to a
person's "general literacy" competence. However, the teaching of "general
literacy" vocabulary, in a non-job-focused manner, will not necessarily
include the various technical words and concepts found in military train-
ing programs and jobs. For these reasons, there seems to be a general
consensus among military educational researchers that military literacy
training ought to be focused on job-related reading requirements (see the
papers by Caylor, Duffy, and Groff). This will both improve a person's
"general literacy" ability, and permit the more direct transfer, of skills
from the literacy program to the job situation.
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Recently completed research by Sticht et al.(1976) for the Navy sug-
gests the posSibility that 6asic military training, job technical school
training, and correspondence course materials may be modifiable such. that
literacy skills and job skills training can be offered in an integrated
manner. The concept is based on findings which suggest that much, perhaps
25% to 50% of what is 'currently taught in these training programs, is not
considered relevant to their work by Navy personnel. That is, much of the
current training programs may consist of "nice-to-know" but not "need-to-
know" information. Thus, some instruction time might be saved if the
training programs were systematically redesigned to effect a better match
between training and job requirements.

Additional time savings might be accomplished by converting training
programs from lock-step, lecture-oriented classrooms, to individualized,
self-paced programs with flexible entry and exit. Where this has been
done elsewhere in military training programs, considerable overall sav-
ings in man-hour.3 (and hence cost) of training have been affected.

Because of the time, materials, and cost savings which may resultfrom the careful systems engineering of training, and the move to self-
pacing of instruction, it should be possible to incorporate literacy
training into the programs for those who need it. While they woul2
necessarily require more time to complete training programs under this
system, the expectation is that overall trdlning costs will drop, as
those capable of accelerated programs are permitted to move rapidly
through the streamlined programs.

Figure 1 presents a zeneral plan for research and development to
produce a comprehensive, integrated job skills and literacy skills car-
eer deyelopment system. The first phase of the plan calls for a thorough
analysis of reading within the Services, including the determination of
general reading levels for performing job-related reading tasks so that
reading training objectives may be targeted to job requirements.

An additional aspect of the Phase 1.0.activities given in Figure 1
is the study of job skills training and the general education system with-
in the Services to determine the feaSibility of improving linkages in these
systems, and potential for revising these systems to produce a more.inte-
grated job skills and literacy skills training system. The report by
Sticht et al.(1976) illustrates the type of approach envisaged under the
Phase 1;2 activities and provides information concerning the Navy's cur-
rent career development system, including information regarding job skills
training, career counseling, and general educational systems. A general
finding is that the linkages among thesesubsystems are very loose if
not totally absent. Initial efforts toward a comprehensive career devel-
opment system which includes integrated job skills and reading skills
training should include the formation of tighter administrative and con-
tentive linkages among these subsystems.
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PHASE 1.0

1.1 DETERMINE READING, DEMANDS
OF MILITARY JOBS 1

1.2 STUDY JOB SKILLS TRAINING
& GENERAL EDUCATION
SYSTEMS

PHASE 2.0

2.0 DESIGN & DEVELOP INTEGRATED JOB SKILLS & READING SKILLS
TRAINING SYSTEM

2.1 INTEGRATED BASIC MILITARY TNG/READING TRAINING

2.2 INTEGRATED JOB SKILLS/READING TRAINING

2.3 INTEGRATED ON-THE-JOB TRAINING/READING TRAINING

Figure-I . General Plan For Developing An Ihtegrated
Job Skills & Reading .Skills Training System.
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The Phase 2.0 activitiea of Figure I call for the evolutionary devel-
opment of integrated job skills and literacy skills training programs for
the three major stages of military capeel development: entry into the

Service with basic military training; job technical school training; and
assignment to on-the-job training at an active duty station. By provid-
ing opportunities for literacy training at each of the major career devel-
opment stages, ample time is aVailable for accomplishing genuine improve-
ments in literacy skills.
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RESEARCH AND THE TRANSFORMER: A PROGRAM FOR
-IMPROVING TEXTS

Michael Macdonald-Ross

The Open University, Institute of Educational Technology

In a modern industrial society such as.ours people often get the
information they need from.documentary sources pieces of paper or
computer files. People cannot always meet face to face, and there can
be quite a distance between an expert source and the user or client.
It makes sense for us to spend time and effort on the business of comr-
munication.. The task we face is simply this: how Can we 04gamize com-
ptex in4oirmati.on 4oA. the bene4it o4 the /Leaden..?

When we see one person talking to another, both participants empl
complex techniques so as,to make themselves understood. These techniq,e
of interaction may have taken millions of years to evolve, but are de-
ployed instantly without self-conscious thought. It is.much more diffi-
cult to make oneself clear to a reader who cannot see.and wpo cannot ask
questions. So, as one might expect, communication biteakdotgnis are quite
common, and can have the most serious effect.. In England We have been
suffering from what is known as Dutch Elm Disease a,fungal infection
carried by small beetles. To stop the disease spreading, farmers were
advisc: Lo cut down any infected trees. But the Government circular for-
got to te.l! them to burn the wood I do not know what the tandidates.
might hL ror the most costly communitation breakdown in the history of
the human race it is interesting to speculate but I can tell you
that our little beetles are still spreading merrily through England de-
stroying elm trees as they go. And, how often have we met forms we could
not fill in or regulations we could not properly understand? How often
are service manuals unuseable? How often is.our printed communication
useless except to those who already know the answers? This sort of thing
occurs too often and is too serious for us to accept complacently: We
must do something about it.

For the past year my Research Assistant, Robert,Waller, and I have
spent many hundreds of hours investigating the ways in which complex
printed'communication could be improved. (We have reported some of the
preliminary results of these enquiries in Macdonald-Ross, 1975; Macdonald-
Ross & Waller, 1975a, b, 1976.) The work falls Into two parts: that
which concerns the'research worker, and thlt which concerns the practice.
communicator the editor, designer, -author,ljor whatever.
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The trouble with. research is_.
.

Researchers often talk as though they had a great deal of knowledge
which was going to waste; they suggest that practical people outside uni-
versities are stubborn or_pigheaded because they go their own sweet way
and take no notice of what the researcher says. ,NOw, it is very conven7
iant for the researcher to put the word about, that research is very suc
cessful and is leading to deeper understanding and,a changed world. But,
w'r is the actual reality? Just how much is known and what may we ex-
paeL: of researchers? Let us look into the matter together with the help
of some examples from the field of graphic commnnication.e

I'll start with the research into typography. This is a well-estab-
lished and apparently well-researched area; the key reviews axe Pyke (1926),
Paterson and Tinker (1940), Luckiesh and MOSS (1942), Burt (1959), and
Tinker (1963). We reviewed this work iu detail and'began to identify sys-
cematic defects which we documented aun attempted to explain. In the first
place, there are many experiments sinese relevance is quite obscure. For
e::ample, there are many tests for the relative legibility of characters
in a fount. Lists of "letters of low legibility" ot "pairs of letters
most,likely to he confused" abound in the literature. But, no-one tells
us what we should do with such results arid I suspect this is proper caution,
for it has long been known that occasional confusion of individual letters
is not of prime importance in the reading process:

Much more important are the omissions. There is a sense in which
lessibilitT,Xesearch has hardly started so many important topics have
been tackled. _There are different kinds of omission. Sometimes previous
research needs to.be updated; for example, tests done on obsolete type-
faces need to he redone on new typefaces. "But a more important omission
by far occurs when researchers overlookxhe advent'of a completely new
problem. For example, program learning brought with it questions and an-
swers (prompts and responses); yet there is no work on how to set such
items in relation to the test of the text. Modern science textbooks rely
on a .closp interdependence of text.and diagram; yet, again, there is no
research to guide the designer or the typographer. Errors of irrelevance
and'errors of omission are, of course, connected. Me sauie set that pre-
disposes researchers to chooSe problems that can he neatly handled in a
laboratory, also prevents them going outside their circle to see the prob-
lems that occur in practice.

Many people have been and are still misled by the "classical experi-
mental paradigm". For example, an experimenter wishes to test the effect
.of different line lengths and controls for size of type, -interline spacing,
and so on. Results are obtained and recorded in all the textbooks. But,
altogether unnoticed, the researcher has used justified lines; that is,
spacing' between words varied so that the right-hand margin is kept aligned.
Now, this interacts with the length of line: the shorter the line, the
more the interword spaces vary; with lines five oI six words long, some of
the sr,acing effects can be quite bizarre. Very likely, such spacing effects
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do bias line length tests in favour of longer lines. Yet, in all the
.classical line length tests,-justification was not "noticed" and hence,
not controlled. There is actually now some evidence that ranged left
.(unjustified) settings are more legible for short lines and less able
readers (Poulton & Gregory, 1970). This is small comfort, for without
:redoing dozens of earlier experiments, we cannot really be sure how to
interpret all the earlier results.

We attribute such happenings not to the incampetence of researchers,
but to their mistaken use of the classical experimental paradigm drawn
from the physical sciences. Some researchers in recent years have tried
to avoid this kind, of problem by using the analysis of variance methods.
They treat Anovar'like a kind of trawl-net bringing in'all,the little
fishes. The little ones get slung out and the bigger ones published.
There is not much evidence that the advent of thesE modern 6tatistical
techniques has Improved the quality of research; Id some cases it has
made it worse by putting a greater distance betwc..tn the question the
research worker poses and.the answers he olAai-;. -

When researchers go wrong, they go wrong in a big way. Empirical
research is difficult, expensive, and time consuming. At any given time
there will only be a few people conducting experiments into any particu-
lar problem area. If they misdirect their attention, manyiyears may
elapse before more fruitful work can be started.

We have proposed a model for researchers that we think is more fruit-
ful than the classical paradigm (see Figure 1). Our model requires them
to make two preliminary readjustments. The first is to switch the object
of research from discovering universar truths to improving specific de-
cisions in particular practical situations. For example, the purpose of
legibility research we see as to improve the quality of practical deci-
sions by typographers and editors. There are excellent models for re-
search of this kind: operational research and ergonomtles are two examples.
The second readjustment is to acknowledge the importance of tacit know-how.
Any acquaintance with typographers and designers will show that their
skills are backed by tacit knowledge which is the product of experience,
rather than er.pirical.tests or "book learning". Usually, researchers
dismiss suck, personal knowledge or even deny its existence simply because
it has not been developed by orthodox experimental methods. But actually,
as Polanyi (1962) has shown, all scientific knowledge (indeed all human
knowledge) has its roots in the "tacit dimension". So. we should value the
personal skills of typographers and designers and take them as the start-
ing point for more fruitful legibility research.

Having made the preliminary readjustment, I turn now to the model.
The model starts with the act of criticism. Criticism is a lynchpin for
research, and it is one of the ways tacit know-how gets placed in the pub-
lic,domain. For example, when a designer wri:es a report for a cleint,
he usually starts with a critique of existing solutions. Few problems
are really novel and he can start by pointing out the strengths and
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CRITICISM

TESTS

ALTERNATIVES

Figure 1. The Research Cycle.
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weaknesses of previous designs, and thus,:set up criteria for his own
alternative solutions. Criticism is a basic intellectual skill. It is
a primary method in the humanities and fine arts and, as Karl Popper has
shown, plays an important role in the natural sciences. The habit of
criticism or intellectual discernment is not only respectable, but actu-
'ally essential for progress to be made.

The next part of the model is the creation of alternative solutions.
These alterLatives can be subjected to criticism and testing. The altern-
atives make use of the tacit knowledge which researchers have previously,'
tended to disdain.

The third part of the model introduces empirical testing. Of course,
there is a limit to the improvements that can be brought about without
testing, but tests are not the first'resort of the practical man. By the
previous stages of criticism and alternatives, we ensure that the testing
is done on a real life version of some high quality, with all the complex-
ity that entails. This means we are closer-to formative evaluation or
industrial production testing than to the classical paradigm. And we make
no apologies for this. In our model,tests are not tests of individual
variables and they are not tests of universals. Instead, the keseakchet
ut5 on e. cohekent ateknative against ono-then_ These alternatives are
the refined produce of the critical activity described earlier. In this
way, the tacit know-how of the designer or typographer is linked to the
activity of experimental testing. The purpose of the testing is to make
better decisions, not (directly) to discover universal truths.

To develop these ideas further, we next looked at another kind of
visual communication, the presentation of quantitative data in tables,
graphs, and charts (Macdonald-Ross, 1976c).

The experiments on pictorial charts by Vernon (1946, 1950, 1951,
1952a, 1952b, 1953, 1960) show some typical problems in experimental de-
sign. Vernon tested pictorial charts (which she called "Isotype") against
tables and graphs, obtaining a no significant difference result. Her own
conclusions show that she was prepared to take this result at its face
value:

No all-rdund advantage is gained by using pictorial charts
rather than graphs. The charts appeal more to the less educated
individual while the graphs may intimidate him; but it is un-
likely that he will understand the charts sufficiently well to
make it worth using them. (Vernon, 1952a.)

It had been supposed that because these charts somewhat
resembled ordinary pictures, therefore, anyone who Studied them
would be able to perceive and understand them, not as collections
of little men, etc., but as data on the frequencies with which
people performed the activities shown in the chart. It is true
that, particularly when they first appeared, the novelty of these
charts aroused people's curiosity, and therefore they possibly
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devoted more attention to them than they would have given to
conventional diagrams at tables of figures. But, as the auth-
or found in her inquiries, a mere study of the charts and per-
ception of the pictorial shapes they showed was no guarantee
that their meaning would be understood. Such understand:VI:1g
necessitates a reasonable intelligence and special training
in how to interpret them. (Vernon, 1962.)

'However, there is a perfectly simple alternative explanation for
Vernon's results, namely that the experiments were conducted with income-
teitay du.igned gAaphiz attermative4. A test of a well-set table against
a poor graph and a dreadful pictogram is invalid; one 4s tot entitled todraw any general conclusions whatsoever. Moreover, when subjects fail,
is this because only bright, well-trained people can understand picto-grams? Or because it takes unusual intelligence to successfully unravel
the visual confusion of a badly designed chart?

By good fortune, Marie Neurath (one of"the original members of the
Isotype Institute) is alive and Well and living in London. Mme.,Neurathhas worked on pictorial charts for over half a century, so it seems fair
to'regard her as a "master performer". With her help we were able to
construct a genuine'Isotype chart from the original data used by Vernon.There can be no doubt that the Neurath chart is different from the Vernon
chart and clearly superior as a piece of graphic-communitation (see Fig-
ures 2, 3, and 4). Of course, only detailed empirical studies can tell
us the extent of this superiority and in due course I hope to report
the results of such studies.

To sum up, it is clear that the chief mistake Vernon made was to dis-
respect the art of chart construction. Her examples were simply not worth
the bother of testing; they would have been greatly improved by the criti-
cism and alternatives which our model prescribes. The results of her work,
if meaningful at all, say to us only that badly constructed material doesnot communicate and we hardly need researchers to tell us that! She,
however, interprets her subjects' mistakes as due to their lack of intel-
ligence and prior training. (Thus, is r.:search so often contemptuous of
ordinary people whilSt being thorucghly uncritical itself.)

The passage of time has, alas, taught researchers very little and.
they continue daily tp make the same kind of mistakes. As a result, im-
portant problems are not sufficiently researched, and when they are re-
searched, the results are often not robust enough to stand up to applica-
tion in the field. Yet I continue to believe that research is necessary
and that these problems can be overcome.

From all these criticisms one can make a few exceptions. The field
of readability research ,is noticeably more organised and more reliable
than most others. Because it tackles problems which are derived from
practice, and not fram abstract theory, readability researchers do not
usually have high status in the profession of psychology and may well not
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NUMBER OF MALES AGED 1444 IN GREAT BRITAIN
TABLE I Thousands

Mid-
year

Armed
Forces (I)

Whole-
time
Civil

Defence

Industrial groups
Unem-
ployed

Rest of
male

popula-
tion (5)

otal male
popula.

tion aged
14-64Group I Group li Group Ill

(2) (2) (9

193? ... 477 80 2,600 4,688 5,798 1,043 1,324 16,010
,.

1941 ... 3,271 324 3,140 4,264 4,116 158 704 15,977

1942 ... 3,785 304 3,285 4,154 3,553 103 750 15,934

1943 ... 4,284 253 3,305 4,040 3,093 76 870 15,921

194.4 ... 4,502 225 3,210 4,059 2,900 71 943 15,9W

(9 These figures, and also the total co umn, exclude prisoners and missing.
(2) Munitions industries, i.e., iron and steel. non-ferrous metals, shipbuilding, engineering,

aircraft and vehicles, instruments, chemicals, explssives, etc.
(2) Agriculture, mining, National and Local Government, transport, shipping (including

Merchant Navy), public utilities, food manufacture.
(4) Building, textiles, clothing, distribution, professional services, etc.
(6) Schoolboys, students, invalids (rncluding war invalids), retired, etc.

13. Table i sh6ws that while the numbers in the Armed Forces, whole-time
Civil Defence and the munitions industries have increased, the number em-
ployed in other industries has been reduced. In 1944 the number of men
engaged in the Group III industries was half of the corresponding pre-war
total.

Figure 2. Source of Data for Vernon's Chart. (From the 1946
British Government White Paper, Statistich
Relating tG the Wan Eti4oAt).
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Armed Forces
Civil

Defence .
Industrial
Group I

(Munitions,
Engineering. ete.)

Industrial Industrial
Group II Group III

(Apiculture. Mining.
Tranrport.Goverrunent

Services. etc.)

(Building. Textile,.
Clothing. Diettibu thin.

etc.)

otkch

Unem-
ployed

Year

1939

1911 t#111.11

Mffifil

i9HIMMitt

Mt RIMIER MIMI, if

I MPH

11,1111 tIIIII1 tffitit

1 1111111 MEM IllIft

Nth frithlt
Eaeh.figuro reprreente 5K040 men.

Number of men aged 14-64 in Great Britain in various ficenpatiene.

Figure 3. Vernon's Chart.
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How men were employed during World War II

1939

1941

1943

lit U,141/7101Cred,
citsobiwi

Each figure stands foil- 1 million men

ft

Figure 4. Neurath's Chart Based on Same Data.
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get the credit they truly deserve.' I do not say this simply because at
this confereace there are smite of the very workers who have contributed
to this field of reseirch, but because it is my truly held conviction
that other applied psychologists could learn how to, redirect their efforts
by close observation of this successful field.

The Transformer
.

Like most organisations of our age, the Open University has a pro-
duction-line.system. Many different people help create the teaching
material: authors, educational technologists, editors, deigners, illus-
trators, photographers, television producers . . . Allothese work in
separate departments, often quite uncoordinated one with another, and.
all too often mutually suspicious rather than cooperative. No one person
is responsible-for mediating the whole creative process. Wi-th so many
fingers in the pie, it follows (of course) that impottant things ate te.6t
undone and no-one accepts Aaponsibiaty pit the success O4 the texA's as
i1fl11S 06 comaunixation. In my opinion, the University works not
so much 'because we- are expert at distance teaching, but because the.stu-
dents are keen, intelligent, and hardworking. One cannot always rely on
such a response.

I suggest such large organisations lack a crucial process titans-
6mmation .and a person to carry the process out the ttan,560Amek.
He is the skilled professional communicator who mediates betweeL the ex-
pert.and the reader. His job is to put the expert's message in a form
the reader can understand, and to look after the reader's interest in
gPneral. For example, any reasonable query the reader might have should
be thought about and catered for in a proper manner. Put this way, the
role seems simple, but it is not. A transformer needs a good general
education and a wide range of particular technical skills. A transformer
will find himself dealing with all kinds of experts, most of whom do not
know what they want to say, or how to say it; he will discover how little
is really known about the readers, and the techniques he needs are scat-
tered'around in the most unlikely places.

I would like to have you think that the idea of the transformer is
my own, freshly minted. However, it is not. It was first coined by Otto
Neurath.l.hen he developed the system of graphic communication known as
Isotype. Though I extend the idea beyond its original scope, Neurath's
basic idea was correct, important, and . . ignored for half a century!
There are penalties for being ahead of your time.

The transformer starts with what to say, and then resolves how best
to say it. Naturally, this distinction must not be overdone. What you
want to say does partly dctermine how you say it and, in- reLurn, the con-
tent of a message is always altered to some extent by the way it is put
over. Nevertheless, the distinction is a useful one.
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First, one discusses the Camtent of the message with the experts;
later, one works out the exact 60AM of the message with the help of illus-
trators, photographers, printers, and other technical staff. The skills
needed and the problems faced differ at each stage. Finally, the cycle
is complete when the transformer discovers what qiiect the message has
on the reader.

The transformer is overseer of the whole process of cammunication
what is said, how it is said, and what its effect is. He works with col-
*leagues whose skills are more specialised to make sure the message gets
across and to reduce the change of communication breakdowns. He acts on
the reader's behalf as best he can, sorting out the kind cf issues a read-
er might raise if he were present in person.

What To Say

The transformer must be as closely involved with the content of the
message as he is later with its presentation. He must understand the sub-
ject et hand so that his later judgements are in0Amed judgements; but
there is more to it than that. The transformer will usunlly need to help
the expert get his ideas sorted out so that the subsequent act of commu-
nication has some chance of being successful.

The transformer is the partner of the subject-matter expert and not
his slave. Our experience suggests that experts are not always as expert
as they seem at first sight, and even published statistical data may be
unreliable or misleading. Moreover, the expert's natural tendency is to
think of his subject, rather than to think of the reader: For reasons
of this kind, the transformer should not accept an author's instructions
without critical thought. He must question and analyse until he can put
the author's intentions in proper perspective. The idealistic young com-
municator may be surprised to find his source vague and confused instead
of clear and authoritative, but the man is only human! He may not have
organized his ideas yet; he may feel uncertain and anxious about issues
that he has not sorted out but Which cannot be ignored. The transformer
helps as a sympathetic listener who gently refuses to go away untilthe
confusion is sorted out. Any any rate, he must stick to it, for no-one
can make a good communication out of muddled thinking.

The transformer sets about his task'with the help of two insights:
a good communication is zetected 4oii a puvoze and has a bound Zogical
ztAuctune. These two insights lead to the techniques which a transformer
can use in his discussions with the source.

Purpose and Objectives. All human communication depends on
artful selection, since one can never say all that is known. The simplest
basis for selection is a clear statement oE purpose. The dialogue between
expert and transformer may start with vague statements like: the reader
should have some idea of this or should appreciate that. The transformer
works to derive objectives which are as precise as the particular situa-
tion requires. For example, he may ask, what wia a 4(.ucceoz&d. outcome
Zook ae ? What will the reader be able to do if he has interpreted the

5 1

52



message correctly? After clarifying what the expert wants to say and
why he thinks it worth saying, one can discard irrelevant material and
identify the prospective pay-off for a prospective reader.

Tasks and Errors. Sometimes the work on the objectives must
e supported by the kind of professional study often found in military

or industrial training. If the reader is to perform a well-specified
function or activity, then that activity can be analysed into its constit-
uent tasks, and typical mistakes can be collected and analysed. Often,
such a study starts with the "master performer" -- an experienced person
who eXhibits all the skills and know-how necessary to meet the most de-
manding job standards. Such a study justifies the selectton of objectives
by connect-big the meazage with the Aeadeez wontd.

Organising Principles. In education we make less-use of the
notion of tasks and errors and more use of organising principles. All
subjects consist of facts, arguments, theories, problems, and procedures
which (to a greater or lesser extent) are unified by central themes or
organising principles. Sometimes these principles are quite grand, cover-
ing vast domains (the theory of evolution would.be one such example).
Sometimes the principles are more practicall for instance, computers can
only carry Cut those operations which can be exactly specified in a pre-
determined code. Sometimes (as in the social and human sciences) one
finds competing world-views which one must understand in order to interp-
ret the opinions of the experts. Such world-views are to some extent
Anutuatly excbmive and a transformer must realise that they lie behind
and largely determine what experts say and do. The principles help the
expert, and can help the transformer, organise a map of the terrain.

Facts. It is a fact that 8% of men (but only 0.4% of women)
have defective colour vision. It is a iact because experts agree on what
"defective colour vision" means: there are standard tests to identify it
and the results of key investigations are not in dispute. On the other
hand, if someone says "whites are more intelligent than blacks", the'status
of such a statement is much less clear. The statement is not known to be
true; but it t not known to be untrue it is in dispute. Therefore,
the.job of a tra.17z)rmer is to intercept opinions or interpretations mas-
querading as far.t.c_ He must identify the 4tatu6 of any key statements
made by the exptit.

o Truth au.-1, Validf.ty. People differ in their ability to deploy
arguments in an appropriate manner. This is too big a subject to be fully
treated here, but .so important that it must be mentioned. The transformer's
dream is to see all arguments valid and all propositions as they claim to
.--, (true, untrue, or uncertain as the case may be). Although this is the
kind of quest which never quite ends, even a moderate amount of success
does a good deal to ease the reader's problems.
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5,2 Yr.! tLIGIBL4'
eor hotip under the provisions of the National Health .crviee
Act 194b, the Health bervicoe and eublic Heaite Act 1908.

Do you hey* one 1dg amputatea aeon. tne trete and the other amputated eltoer above the knee and the other amputated either
above or below tne knee?

Or are you eceeche euefering from a defect of the loco:motor system or a severe &ironic nears or ling condition so that you
are, to all intenta.and purposes, aaaate to walk?

Or aro you soeeone slightly less severely disabled with very iimdted waiting ability who, because or the disaeility, neces
venicie to gat to and froe fuli-tioa, or almost full-tlme, paid wort. (If your walking ability Is restricted to the extent

that you would come within this tnIrd category but yoe are not empioyed you may be conaieered for the supply ora vonicle
on domestic goounda if one is ssential for tne independent tunotioning of your household.)

Cr someone whose legs may not be suificiently aftected by dissOility to be eligible urder one or tne above categories but
who may have a part1Culor dirt1cuity in walking becaoae fir a double arm.amputation or equally grave disab lities of this killed.

'145

Ore you war or serviCe disaoled?1

Are you a disabled pnrent or guardian who is
in sole charge oi' your young (under 14 years
or age) child or children tor suestanttal
part of the day?

NO

NO Are you able to drive or capable 1----.110 Are you civilian ldiwabled- NO
or driving If taught? peasengerl in ons ot the above1 categories and too disabled toT1Z

drive?

Or one of two related members of one nouseholl
or whom toe other is blind?

Or one of two related member, or one nousenold
or whom tha otner is eligible for a three-wheeler
evo-, if under lb years or age?

Or do you sutler severely trom Haemophilia?

IDo you own a car? /

pa

-eiDo you own a car? NO

&Niteti

Da you
need a

d vehic
tr:

le

4 to and
troll work?

Are you in receipt or
the attendance Allowance
at the nigher or lower
rate and nave a vehicle
which ie tegtstered In
your name and which nae
been consplcuoUsly and
permanently adapted tor
your use as a passeneer?

Tou are eligible tor a
car with iree insurance
for one drhoer, roni tee
exemption and car main-
tenance allowances as
follows:

Care issued new;

455/yr.for the 1st 2 yrs.
£55/yr.for the next 2 yrm.
£65/yr.thorearter.

Peconditioned corm:

If your car is registered and
Insured in your name you are
eligible for a private car

allowance or x25. a quarter
and you will be exempted Iron
paying wenicle excise duty so
long WS the car is eting used
by yoL or for your pwrposes.
If desired, an invalid tricycle

with aenocia.ed benefits can be
cho en instead o! the private
car allowance and exemption Iron
vehicle eating duty.

£40/yr. for Ist 2 years
t65/yr. thereafter

'dhere a real medical need
exIst3 an estate car m,y
0e leeued in place of the
normal small saloon; car
top hoist MR/ also be issued.
If desired, an Inealld
tricycle witn essoclated
Penelits can be chosen instead
of the private cor allowance and
exemption from vehicle exciee
duty.

If your car 13 regis-
tereo and Insured in
your name and you nold
a full licence to drive
it you are eligiole
ice private car
allowance or 425. a
quarter and you will

4
You are entitled to
exemption frcm payment
oi vehicle excise cuty.

You are eligible tor
an invalid three-
wneeler with free
maintenance aril ropd
taa exemption.

be exempted from paying vehicle excise
duty eo long an the car le being used by
you or for your purposes. If desired, an
invalid tricycle with associated benefits
can be chosen instead of the private car
allowance and exemption from wnicle eodis.
duty.

Oome tleXOCial
assiGcance
may be
available Iron
the ioepartment
or tmployzent
on Ice oasis
of a means
teat, to nett,

Cover Craven-
ille; Colt; re

and iron work.

tin

You are not
eligible for
any outdoor
mobility assistance.

If fou think you are eligible ani %cult help: you should contact your General Practitioner.

Figure 5. An Algorithm Before Transforming.
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TRANSPORT FOR THE DISABLED

Con you wale
without difIlcuhy
Note 1

An you wee oe
[ servic disabled t

Can you drive )

TAN chart doss we
a PI* to you.
Note 2

Could you dri ve of
you were taught

Je rave .t.ellian
'disabled passenger'?

)1-13o you h ve semen I
hot inoph hal

iDo you need a Cat
looS. after household

relatives)
[Note 3

Do you own a car

r

You am eligible
for a car.
Note 4

You am elinihle
Int a 3.whener,
Note 5

V { Do you own a cart

You ala not eligible
for travel assistance.

Note 7

s

Do you need to
b car to work 7

l
9 If yetis., paid and worktng rnon than 20

hours a week you may get hlp taweeds
t the cost of travelling. Th Department will

your income and needs and decid
C. ac c or d ing ly. You %%ill be re aas stud

periodically.

ou are allowed
Cl 00/year You nerd
not pay road tax.
Note 6

You need not Pay
road tax.,
Note 8

Apply to Depannent
ot Employment tor
travel assistance.
Note 9

7 Thiv. mu I be registenrd in you/owns
and suitable for your use as pasungw.

8 You anent 'led to mption from toed
tax so long es the vehicle is being used bY
you or for your purposes.

-Notes
1 The Act says you we disabled (have

you have oew leg avow' ta tad above or
through the knee and 11KWh./
amputate:1 &ban or below the kne

a you hers MI CI.W.V.V. delft( which
peevrints Warfront wallunAlue
imamate nano. ,tsu*cf.o, bOne
defect; one maven chneMc heart or lung
ailment),
you can sr...1k only a h end need a
votticla or a t to wrack or tom. ytfue
hoosehold. (In the category you wbta
nufgeth.fpiiyousn.ucetin Ih
comma of your work; and you wdl not
be helped tn Get to and horn an
education al establishment. AIsA
atytanco or inadequocy ol public
Vanspon will not be taken into
account.)

2 Other kinds of disability are ludo ed on thee
merits by the Department ol f mployment.
for example. abtir.d person Inght receive
t)se teal tare to and bons work.

3 n'ou are eliciNe f or car it
you ate a &tabled patent Of gust Oen in
see charg of young children under la
tor most of the day
you ate or.aot two relatives in a house.
and the other person is blind or
disabled. This will hold even of th other
person is too young or rhsab!ed to
drive.

4 you wilt also get free in,usan.fe lot onc
dtiret,I,eetoacltar. and c of
mainlenanc et f35p a lot first two
years. f 55 o a. for nett two years and
f 65 p a. thereafter (new eat) ot f AO ci a.
tor lint two years. f 65 p.e. thereafter
(reconditioned ca.)
theca/roust be used only by ynu Or tor
your purposes
th c arcn be co...Ir.-Ito hand
cont.* and will event, ially be
replaced lin of charge
you /say c Wove an invalid Incycle
insteid of a Cat
you ere at,lleliyibloaneniiyoj S snady
!we ono cornmeal.. The a hove lour
honts Still apply : and it rout hoot, not
to have the extra vehicle you may still
get the finanesel support for one car.

5 your 3.wheetee win be singlenat
invalid tricycle
it will be driven by petrol or electricity
it will be maintained fine ol charge
you will get fin thodparty insuranc
and It ee toad tam

you must be over 16 to drive this
vehicle.

the car MU St bv registered and insured In
YOUrIlOrn
you must ha ld I ult dewing licnCI
you' el mrn ion h oro I oad tIe cmly
applies as long as theca, is used by you
or for you; posposas.

Figure 6. An Algorithm After Transforming.
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Bias. Most pelvleyelcome a second opinion to help get the
of an article.right,' but thoroughgoing deliberate bias is diffi-

cul cure. The transformer may be resisted because the author, or
even Lie whole organisation, has a vested interest in maintaining the
bias. Companies may wish to hide defects in their products or in their
rinances; government departments may not wish the public to know their
full rights under the law (see Figures 5 and 6); lecurers nowadays do
often allow their political opinions to colour their courses. In such
cases, the transformer may get caught by his dual loyalties. If he crav-
enly submits to his, colleagues, then he is just a lackey (Running Dog);
if he sides enti7.-ely with the reader, then maybe he cannop influence his
own organisation (no teeth Paper Tiger!). The transformer should
play for honesty and integrity: qualities which do tend to pay off in
the.long run. _Otto Neurath used to say "the transtormer is-the trustee
of the public"' that is a pretty fair way to put it.

How To Say It

The transformer's job now is to plan tile ptubentation of the message.
Since text can only use printed language and graphic devices to put over
the message, to do this he needs skill as a writer and editor, and as a
typographer and graphic communicator. Of course, he does not have to
write or draw everything himself! but he must be skillful eno:Jgh to
ensure that the presentation enhances the message.

6 Language. No transformer can hope to succeed unless he is a
skilled wordsmith. Experience and experiment teach us that simple sen-
tences with active verbs and familiar words can be read and understood
by most adults. As the words get less familiar and the construction gets
more complex, so more and more readers fall by the wayside. Different
target populations have different levels of reading competence, and it is
thejob of the transformer to know his audience, to make sure the language
is tailor-made to their requirements. Reading tests can be used to assess
the competence of the target population, readability measures can be used
to predict the difficulty of the te.xt, and books which show how to write
clear English can'be.eonsulted.

Links. New or difficul7: ideas can be grasped by the reader,
but only if one makes.the right connexions with his familiar world. By
his explanations and choice of examples, the transformer can make diffi-
cult ideas seem easy because they are tinked to things the reader already
understandS. In this way; good wring makes use of a reader's own knowl-
edge and experience. Technical terms can, if necessary, be put so that
we can all understand, yet at the sa7i, time, the transformer must not de-
base the original notion by slopPy thinking or unclear expression. Expla-
nations can and should Ile checked wit:. the expert, and reference books
consulted.
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o Typography and.Graphics. .To attract and keep interest and to
ensure legibility are the nlassic aims of the designer and the typographer.
These aims are still Emportant, but the transformer must have a much broad-
er ,rision Chan that. Often, the graphic elements carry a crucial part of
the message, so one cannot regard design as just external decoration ap-
plied to,an existing message. Rather, we go along with the ideals of the
New Typographers: design is an integral part of the communication process.
Good typography helps the reader plan his reading strategy, tells him
where he is and helps him to find his way about; good graphic design al-
lows one to

' ,v in words and illustrations what could not be said in either
form alone.

Ac n If one wants the reader to do something after reading
the text, t' .:ese points are crucial. We assume that xhat.the reader
should tJ Lady decided (by task analysis or whatever);- now we want
to knc -:t enables him to perform. The three key questions are
7 ,h_..tand what we are asking him to do? Can he actually do it?
(is it Ay and psychologically possible?). Will he know when he has
completed _he task successfully? The simple Highway Code rule "RED means
6-top" meets all three criteria simultaneously in three words. 'Lut, what
about "at 70 mph shOrtest stopping distance is 70 ft thinking distance +
245 ft braking distance = overall stopping distance 315 ft"? This is use-
less information. In the first place, the accuracy is spurious,, as 1-ie

Code admits (wet and slippery roads, different vehicles, poor brakes and
tyres, tired drivers But, in any event, how on earth are drivers,
meant to translate those numbers into appropriate action on the road? The
answer is, they can't and they don't! Good drivers may learn to judge
stopping distance reasonably well, but no thankf to the Highway Code for
that.

o Organisers and Signposts. The old saying goes: "First I tells
them what I'm going to tell them; then I tells them; then I tells them
what I've told them!" People do need to know where they are, where they
are going, and what the prospective pay-off is. As we proceed, they need
to know what the ztataz o4 the me&sage is. Are we giving them main or
subsidiary information? Jire we asking a question or giving an instruction?
The form of the message must show its status and function. Texts are full
uf devices which help the'reader find his way around; typical examples are
objectives, prefaces, introductions, contents lists, headings, questions,
instructions, numbering systems, glossaries, and indices. If the-communi-
cation aims at specific goals, then the organisers arsstrongly directive
(objectives, instruction:5); if the reader is allowed more freedom, then
the permission-giving organisers becomes more important (contents, head-
ings). Thus, the choice and emphasis depends on the purpose of the com-
munication and the situation of the reader. Organisers are not isolated
bits and pieces; they must fit together. The contents page, glossary,
index, numbering system, headings, diagrams, and main text are mutually
interdependent; what one.does in one place affects all the others. The'
design and layout of a two-page spread can become a little cameo of trans-
formation; all kinds of informed guesses are made about reading behavior
so that the reader can best access the information heneeds.
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Feedback. Since we cannot be there to answer questions, the
reader may often wonderwhether he has understood us properly. So we

must allow him to check his understanding by giving him feedback. We

must tell him'how to recognise when he has executed an instruction or
.answered a question correctly or understood a key idea. The feedback

should debug typical errors (take care of the most frequent kinds of
mistake) and should be placed immediately after the stimulus (question,
instructior., pr whatever). It is worth mentioning that feedback can be
quite subtle; for example, repeating the same idea in different form
gives the reader a second map-bearing which checks his first interpre-
tation "Of making many books there is no end; and mu41 study is
weariness of the fleSh" (Ecclesiastes 12, v 12).

Testing. The transformer cannot get everything right; he is
lucky to get thing3 half-right at first. Yet the final version may need
to be very good indeed, if it is to succeed. Pow do we face this prob-

lem? We say, there is a time for guessingand a time 6m tezt,i.ng. The

testing shouT be done during the transforming process on a rough but
complete draft version. The object is (obViously) to gauge whether the
purpose of the communication is being achieved, and to identify and col-
lect sources of misunderstanding. Any text which is important enough to
have money spr-lt on it is impdrtant enough to be tested, and the trans-
forming process must allow time .for the lessons learnt to be put into
effect.

The Later Stages

Earlier we saw how the transformer worked .dit_h the expert source;
now we see him working with two quite different kinds of persons the

skilled craftsman (or technician) and the research worker. We deal here
in less detail than earlier, though in the long run the transformer's
relations with craftsmen and researchers will be just as important as
his relations with sources.

o Production. The transformer depends upon illustrators, photog-
raphers, compositbrs, film editors, and other skilled persons to help him
realise his vision. These people can make a real contribution. At their

best, they can teach the'transformer a good deal about the possibilities
and limits of their arts, and about the.costs and implications of various
production methods. In some cases (scientific photography, for example)
a skilled person can help the growth of \the subject-matter as well as its
subsequent presentation. The transformer should deal with these people
in person, not through any kind of intermediary. It is worth mentioning'
that without the transformer, the final product often reflects the pro-
duction process rather than the needs of the reader. How often have we
seen the fussy house-sty1=. applied unintelligently or the diagram which
has lost its meaning because the illustrator did not understand it!
Often a free-hand sketch by someone who understands works better than that
same sketch redrawn "professionally" by an illustrator. Underground

papers Use modern print methods to biting tri1.e aommunicato it. ceo6eA to the

Aeadv,.. We should think long and hard about such ideas;
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Evaluation. "Discovering the effects" is the last part of the
transforming cycle. This medhs going out into the field and looking at
.att the consequences o'f the communication that can be found. The really
gross errors should be picked up earlier in developmental testing, but
many subtle effects only show up later in the field. The-information
gained can be used for subsequent editions, but is in any event useful,
since similar problems and situations are just bound to occur. Trans-
formation is an active process that learns, not a passive dispensing of
recipes. Evaluation can be a complex technical matter. Unless the trans-
former himself has research training, he may well need the services of a
professional researcher to alert him to ways of Collecting data. The
budget for evaluation depends on the cost and importance of the cammuni-
cation and the prospects of similar publications in the future; we do
suggest that there should always be such an item in the budget.

(11 Recurrent Problems. As time goes on, the transformer will
notice certain problems coming up time after time. Sometimes they cannot
be solved simply (DI: intuitively; they need detailed work in depth for a
long time. This is the job of the basic researcher. The relationship
between these two colleagues is often uneasy, with th_i transformer want-
inF solutions yesterdaj and the ,.,-3earcher limited by what it is pozzate
to do, given present knowledge resources. A similar case is the rela-
tion between general nractition,_

; and medical researchers. .The GP has
patients noW in his surgery, but the researcher knows that some questions
just don't have easy answers. For all that, the art of medicine.advances
by this mixture of cooperation and conflict, and so should the art of
communication.

r0 0
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PART II

REPORTS ON READING AND READABILITY

RESEARCH AND DEVELOPMENT IN THE ARMED SERVICES

5 9



The views expressed in these papers are those
of the authors and do not necessarily reflect
the views of their respective military services.



HISTORICAL PERSPECTIVE

ON RESEARCH AND DEVELOPMENT ON LITERACY AND
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INTRODUCTION

The current research and-development programs in the areas of
reading, readability, and useability in the Armed Services have built
upon earlier.efforts in these areas. This section looks back on that
earlier R&D to help provide a perspective on the current R&D.

In the first paper of the section; Dexter Fletcher highlights
developmental efforts in his historical survey of_literacy trainingin the Navy. "Looking at the years from the 1700s to the outbreak of
the Second World War, he discusses the early literacy training, which
was prompted in.part by religious reform and in part by the naval
apprentice system. He then presents a more extensive discussion of
the three literacy training programs of the period following 1943:
the Special Training Program, which.was prompted by World War II; the
Recruit Preparatory Training, which was prompted by the Korean Conflict;and Academic Remedial Training, which was prompted by Vietnam and
Project 100,000.

Fletcher emphasizes the need for systematic literacY'research and
development, rather than periodic development in times of emergency,
which has been the case in the past. He also points to the increasing
concern for job functional literacy to enable Navy personnel to perform
their jobs.

The emphasis switches from development tO research as Jack.Hiller
surveys literacy research in the Army. He uses a systems approach to
uncover pertinent research, and the lack of it, in the areas of reading
training, technical writing, and useability of job and training materi-
als. His historical review points up the fact that researc has lagged
far behind development in reading and readability R&D in thc armed
services.

The history of literacy research and development 471 the Air Force
of necessity begins later than that of the other serv _57. In present-
ing that history, Ron Burkett reminds us that the problem has alwaysbeen a.two-sided one of both readability of the materials and reading
ability of the personnel. He discusses both sides of this problem.
On rhe one side, he presents the efforts to determine the readability
of it.2..r Force publications, both job and-training materials,and the
attempts to make those materials more readable. On the other side, he
looks at studies which attempt to determine the reding abilities of
Air Force personnel and those which document the match or mismatch be-
tween the reading nhility of personnel and the readability of the mate-rials. The documented mismatch, or literacy gap, in 10 prk..blem careerfields is approximately two reading grade levels.

Burkett also looks at some of the ways in which .the Air Force has
dealt with the problem. He reports on personnel studies, which have
been Used to support a-policy of minimizing the literacy problem through
high selective standards; evaluation studies of the literacy training
programs, which attempted to close the literacy gap by raisng the read-
ing abilities of the personnel; and developmental efforts to produce the
job performance aids, which attempt to lower the reading difficulty and
increase the useability of job materials.

6 2
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HISTORICAL PERSPECTIVE ON LITERACY TRAINING IN THE NAVY

J.D. Fletcher

Navy Personnel Research and Development Center

History seems to be not JO r..uch a record of what has happened as a
record of what we remember, and any historical perspective is most prob-
ably a perspective cn perspectives. This is certainly true of the current
historical perspective on literacy training in the Navy. Because of the
subjective nature of the data that support it, this perspective is divided
into two parts: a very brief part dealing with all of Navy hittory prior
to 1943 and a more extensive part beginning.in 1943 and ending with the
present. Further, very little information is presented on readability
and technical writing. Historical information on these topics doubtless
exists, but it is buried in the instructions and official correspondence
of the Navy Department.

A comprehensive, thoroughly satisfactory definition of literacy train-
ing was not attempted in this report. A rough description of literacy
training as an attempt to bring personnel who read below the 4.0 grade
level up to that level appears to serve fairly well the needs and scope
of this report. In the history of Navy,training, this description empha-
sizes training for enlisted men who are in their first tour of duty.

A. Literacy Training Before 1943

Enlisted personnel are, at best, neglected in military histories.
Battles, tactics, and technologies tend to be recorded in some detail, but
the ability and character of the enlisted force that are basic to any mil-

,

itary service are often obscured by the statistics of manpbwer supply,
loss, and demand. If it is reasonable to assume that enlisted personnel
acquire. a greater significance as the technological demand of their duties
increaSe, then-their neglect in histories of the United States Navy is
particularly regrettable. It is difficult to read any account of enlisted
life without bringing aWay an impression Chat Navy duties have always de-
manded substantial technological capabilities. The introduction of steam
and electrical systems aboard ships obviously increased the technological
demands of enlisted Navy jobs as Cummings (1929), Harrod (1973), Potter
(1913), and others have indicated, but discussions such as those of Luce
(1890) and Niblack (1891) of training problems that existed in the earlier,
sailing fleet indicate that substantially more than disciplined responses
to orclers and knowledge of nautical terminology were relevant objectives
in t-:ansforming "leadsmen" into seamen. Most of this training was accom-
plished on the job following the apprentice, journeyman, master craftsman
model. It required listening but not reading skills, and it continued
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throughout a sailor's career. Despite the predominance of this mode of
training there were significant efforts as early as the first half of the
19th century to provide instruction in the basic skills of reading, writ-
ing, and arithmetic to Navy personnel.. There was no land-based training
establishment at this time and basic skills training took place entirely
aboard ship, at dockside, and while the ship was underway. There appear
to be two primary reasons for the early literacy training: the religious
reform movements of the 1700s and the assignmt:mt of teen-age boys to the
fleet.

1. Religious Reform

In the late seventeenth century and during much of.the eighteenth
century, a major transformation in Western civilization took place under
the auspices of-the Enlightenment. Leaders of this movement'placed great
faith in human reason hacked by the findingsof science and submitted to
question all authority and absolute standards. As a result, a sympathetic
and humanitarian outlook on the condition of'all men was stimulated,
especially by reli;7;ious manifestations of this movement. Protestantism
particularly f.3sed an enlightened self-intereSt on the part of its fol-
lowers by emphoing good works and the notion that every man is his
brother's keeper. Heaven would be won and past wrongs atoned for, if each
man would

. firmly embrace religion and help his fellow man, especially his
less fortunate fellow man, to do the same. Some members of the evangel-
ical move7ent, which grew naturally from the Enlightenment, chose to focus
their interest on the sailors of the naval and merchant service. Revivals
were held, Sunday schools were conducted, and tracts were distributed.
With the distribution of the tracts came the realization that the word of
God was inaccessible to many sailors because they could not read. Moreover,
sailors' moral welfare appeared endangered because their lack of arithme-
tic skills made them easy prey for the peddlers of prurience who were nat-
urally drawn to the full pocketbooks and poorly educated minds of newly
disembarked sailors. So it was that the first to minister to the need for
essential skills training among Navy enlisted men were the early Navy
chaplains (Langley, 1967).

The regulation of 1802 described. the Chaplain's duties as the follow-
ing:

1. he is to read prayers at stated periods; perform all funeral
ceremonies over such persons as may die in the service, in the
vessel to which he belongs; .or, if directed by the commanding
officer; over any person that may die in any other public vessel.

2. He shall perform the duty of a school-master; Irld to that .

end he shall instruct the midshipmen and volunteers, in writing,
arithmetic, and navigation, and in whatsoever may contribute to
render them proficients. He is likewise to teaCh the other youths
of the ship, according to such orders as he shall receive from
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the captain. He is to be diligent in his office and such as
are idle must be represented to the captain, who shall take
due notice thereof. (Burr, 1939, p. 111.)

In addition to Chaplains, there were schoolmasters and teachers in
rile Navy as evidenced by the law of March 1799 assigning them three-
twentieths of prize money, which was approximately the amount assigned
to warrant officers. In general, the schoolmasters made a poor showing.
Allegations of sloth and drunkeness on their part appear well founded.
Schoolmasters' duties varied with commanders, but they were generally
charged with instructing the boys, apprentices, and midshipmen assigned
to ships. The employment of schoolmasters was never extensive in the
Navy, and it gradually died out. However, the history of Navy chaplains
is far more honorable than that of the schoolmasters, and the Chaplain
Corps maintained its interest in essential skills instruction for enlist-
ed men throughout the history of the Navy (Drury, 1949). There was, of
course, little systematic method in this instruction, and its success
most probably keyed on the moral rather than cognitive well-beiL of its
students.

2. Apprentices

From the beginning of the Navy there were boys assigned to ships.
Attempts to standardize their employment and treatment were embodied in
the apprentice.systems set up in 1837, 1855, 1863, and.1875. Of all the
training ventures before the Spanish-American War, only the naval appren-
tice program provided a prototype for the modern Navy (Harrod, 1973).
Despite this fact, the apprentice system suffered unpromising beginnings.
The 1837 effort failed because apprentices' hopes of obtaining commissions
were not fulfilled and because of an alleged mutiny in 1842 on the train-
ing ship SOMTAZ, in which a son of the Secretary of War was hanged, prob-
ably wrongfully (Langley, 1967). The 1855 program was interrupted by the
outbreak of the Civil War. The 1863 effort was unsuccessful because ap-
prentices were again disappointed in their hopes of obtaining commissions,
HoWever, the apprentice system continued to be revived because of very
serious problems the Navy was experiencing in manning American ships with
native-born seamen (e.g., Luce, 1974). In 1875 the Navy began enlisting
boys 14-18 years of age to serve as apprentices until age'21. The Secre-
tary of the Navy emphasized that it was not the object of the system to
prepare boys for commissioning; the apprentices were to be trained in all
the duties of sailors on a man-of-war, and, significantly, they were to
receive an elementary English education (Harrod, 1973). Despite numerous
problems, including the neglect of academic training, the.system, with its
commitment to literacy training, survived until it was replaced in 1904 by
an officially established apprentice seaman rating with a minimum age re-
quirement cf seventeen. With this system evol7!ed the prototype ior to-
day's recruit training.
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Recruit training was essentially motivated by a need for standard-
ization in training landsten and apprentices for shipboard duty. A nat-
ural means for standardizing training that was employed very quickly after
the need for it was recognized was the publication of drill books. Full-
am's. RecAuit'4 Handy Book and McLean's Btuejacketz' Manua both appeared
in 1902; Fullam's book lasted until the 1920s and McLean's manual is cur-
rently in its nineteenth edition. By General Order 114 of November 1902,
the Navy Department required all recruits to know the contents of the
RectutiV4 Handy Book and issued a copy to each.. Fullam also published in
1902 the Ft,tty c.e../C4s DAat Book.

The appearance of these handbooks signaled the fact that oral in-
struction was no longer suff.icient for an enlarged Navy. Hary-4, 1973).
Presumably, this fact was already' apparent. Some of the technical equip- .

ment aboard Navy ships at the'beginning of the century.was fairly sophi-
sticated, and it seems likely that this equipment was accompanied by
essenCial manufacturer's literature on its operation, maintenance, and
repair. However, there appears to be little record of the nature, prep-
aration, and supply of thistechnical documentation. In any case, the
appearance of the drill books signified an official expectation that sea-
men would be able to read, and literacy effectively became a requisite
Navy skill.

Despite a national requirement for literacy, about 11.3 percent of
the United States population in 1900 could be classified as illiterate
(Harman, 1970). There were no systematic attempts to screen Navy recruits
until 1925 (Harrod, 1973), and illiteracy among Navy personnel became
increasingly serious. Althotigh there is no direct reference to this
effect, the systematic screening.that began in 1925 included written tests,
successful performance on which required literacy. It seems likely, then,
that the incidence of illiteracy in the Navy was substantially reduced by
the use of these tests.

Aside from the work of the Chaplains, the only formal literacy train-
ing that appears to have been supported by the Navy in the period 1900-
1943 was in Portsmouth Prison where some effort was made to rehabilitate
men who were classified and jailed as deserters because of their inability
to read furlough orders (Potter, 1918). These men go on leave and
return on what they thought was the apPropriate date only to find them-
selves scheduled for court-martial.

Despite the screening process, begun in 1925 and official pol".ies for
their exclusion, illiterates continued to appear in Navy billets . .rough-
out the entire period (Special Training Program, 1951). Other than the
rehabilitation program at Portsmouth Prison, no official'efforts were made
to help these men achieve literacy. There was, and is, considerable un-
skilled labor required in many fleet billets, and these men were typically
assigned to do this labor. As might be expected, rates of promotion and
re-enlistment among these men were not high. During World War II, mad--
power supply began to run substantially short of demand and in June 1943
the Navy reluctantly agred to accept its fair Share of illiterates under
Selective Service.
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B. Literacy Training in.19.43 and After

1. The Special Training Program

Although prior to June 1943, there was no official-recognition of the
Tact.that room would have to be made for enlisted personnel who could
neither read nor write, a great many men in this category were already
serving in the Navy. Immediately aftet Fearl Harbor, recruiting-stations
were released from the obligation administer the General Classification
Test (GCT) to applicants and since ;d:is regulation remained in abeyance

the start of 1945, many illiterates found.their way into the Navy
through traditional recruiting channels (Special TrainineProgram, 1951).
In August 1945, the Director of Training indicated in the following summary
some of the problems the Navy and illiterates experienced with each- other.

(1) At times the period allowed for recruit training was
contracted by the demands of the service to four or five weeks.

these circumstances, the trainee"was obliged t.o acquire
rge part,of his instruction through reading. -It was found

ti,,L it took approximately four times as leng to train an illit-
erate ,to perform an average Navy job as it did one who could read

(2) The establishment of a training program which did not depend
on the use of printed matter would have been both difficult and
expensive. Experience showed that it was simpler and more eco-
nomical to teach men to read than to devise materials which did
not require this knowledge.

(3) The establishment of a smooth administrative routine was
grosSly complicated by the presence of non-readers. A system
for the rapid'handling of record3 was a virtual impossibility
where men could not fill out inormation blanks, pay receipts,
proficiency slips, allotment cards, et cetera.

(4) Sufficient education to read safety precautions was
essential for men working with machinery, high explosives,
and,heavy cargO.. Serious accidents were traced directly to
men's inability to read warnings and study safety instructions.

(5) A social barrier of serious implicationS was found to
exist between literate and illiterate personnel.

(6) The administral:ive dualism resulting from pUtting lit-
erates and illiterates together caused confusion. Literates
tended to resent the long oral directions which they had to
listen to for the sake of the illiterates in their-number.

(7) A very large number of minor disciplinary problems were
the direct outgrowth of misunderstandings caused by inability
to read station orders, watch bills, leave and liberty regula-
tions,.and safety instruction7..i.
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(8) An inability to read and write letters constituted
among illiterates a serious morale problem and consequent
obstacle to satisfactory adjustment to naval life. It became
increasingly evident that a knowledge oE reading and writing
helped to overcome a feeling of inferiority and tended to4 develop initiative, aggressiveness, and more willing accep-
tance to the conditions of military life.

(Special Training Program, 1951, p. 2-3.)

Despite this analysis, which was written after the fact, there_is
substantial evidence that authorities were reluct.,' to acept responsi-
bility for setting up a special literacy program long after the need forsuch a program became obvious. Howevey, as the situation gtadually wors-ened, the Navy-stuMbled into a situation that required recognition of the
need for a special literacy program. On 30 September 1943, the Naval
Training Section in Norfolk, Virginia, reported that illiterates were
being received from boot camps in increasing numbers. Since all the facil-
ities at this section,were needed for the destroyer and dnstroyer escort
training programs, permission was requested to transfer these personnel tothe Naval Training Section at Bainbridge, Maryland, for further instruction.
Evidently, the permission was granted without due consideration of the
practical consequences of this decision. The result was that Bainbridge
found itself deluged with illiterates and appealed to the Bureau of Naval
Personnel for help. The immediate response of_the Bureau was to cancel
the permission that had previously been granted to Norfolk. However, as
a.result of these events, the need for special literacy training was brought
to command attention (Special Training Program, 1951).

The presence of a growing body of illiterates in'the Navy created a
training problem that it was totally unprepared to face. Luckily, as a
thorough.review of World War II literacy ttaining programs by Fattu, Mech,
and Standlee (1953) shows, the foundation for solvi.; this problem had
been laid much earlier by the work of the Civilian Conservatiaa Corps (CCC).

The CCC was established in March 1933 primarily as a means for.provid-
ing productive employment for young men during the depression. Although
it was administered by the Army throughout its nine-year existence, much
use was made of professional educators in developing and guihing the edu-
cational phases of the program. The CCC education program was secondary
to the work program, and the literacy program was only.a small part of the
education program. It was created to serve the.estimated sx percent of
CCC enrollees who were functionally.illiterate in the camp life situation
(Couch,. 1944). Nevertheless, the literacy training prograi did nxist as
an identifiable entity and it served as a foundation for th.. evelopment
of similar programs, first by the Army in 1941 and later by rh. Navy in
1944 (Fattu et al.; 1953). T
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The Army pr.' 3M was discussed by Heath (1946), who pointed out that
there were.three distinct gr6ups of illiterates targeted by the Army pro-
gram: English-speaking illiterates, non-English speaking'literates, and
Oriental literates. Training was tailored to the special needs of each
of these groups. The teaching program for the English-speaking illiter-
aLes passed through fr -listinct phases. These phases were sequenced
and a studeat had to maacer each phase before proceeding to more advanced
czas. Heath describes the phases as the following:

1. Consonants and Key Words. Sounds of the consonants'were
taught in this phase by associating 21 key words with English
consonants. Phonemes such as /i§/, A5/, /1?-1/, ii, /9A, and Ml

c/7,a-!re not taught.

2. Monosyllables and Vowels. Nonsense syllables such. as ter,
.ker, and hub were initially taught in this phase in an effort
to train students in the relationship between orthography and
sound.

3. Introduction of Polysyllables. Students were taught
analyze polysyllables into monosyllables.

A. Sentence Structure and Word Recognition from Context.
FurLher instruction in word attack was presented and instruc-
tion in construci_ing sentences and learning (recognizing)
vv)rds from conLeY'': L4:1F; added in this phase.

5. Composition and ExpressiOn. Students k,!..!ri taught to read
and prepare military messages-and persona le:a.-rs in this

They were ii .-.;o ti.111ht the use o! Imch t ic re!;ources
as dictionaries and telephone directorira..

Discussion of tile Army's literacy program is relevant because when the Navy
finally laced the need to produce a literacy training program, it turned
in September 1943 to the Army for guidanee, and the workbook material
developed for the Navy was based on the five phases discussed above.

On 22 December 1943, the imminent appearance of a special literacy
program for recruits was announced by the Navy. 'On 23 December 1943, the
Naval Training Section at Great Lakes, Illinois, was directed to prepare
for the arrival on 3 January 1944 of an initial draft of 420 White illit-
erates. In March 1944, two Navy programs for literacy were established:
one at Camp Peary, Virginia, for Whites, and one at Great Lakes for Blacks.
Plans for the Camp Peary program called for a weekly input of up to 500
craiaees with a total capacity of 6,000. In fact, the total enrollment
at Camp Peary quickly grew ro 10,000 in April 1944 (Special Training Pro-
i;rama 1951). Notably, 1:nth these programs were set up as an integral part
of recruit training; no programs were established for illiterates who were
already in the Navy. At no Lime did the Bureau of Personnel formally
aecep responsibility for training illiterates who were above the recruit
level, although informal support was given to Commanders who wished to aid
Illiterates under their command with the disaemination of literacy train-
ing materials throughout the Fleet.
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The curriculum that was initially devised for the literacy programs
in early 1944 provided.for only 133 hours of instruction in reading and
writizig and 73 hours of instruction in arithmetic, for a total of 206
hours of instruction out of the 576 hours originally called for. However,
by January 1945, a considerably expanded and improved program had evolved.
Fbur basic assumptions not previously annunciated detecmined rile form of
the Special Training Program, as it came to be called. First, it was a
training program for adults. Although unable to read aad write, the
trainees came to the Navy having command of a well-established oral vocab-
ulary, togather with a fund of experience that put them beyond the appeal
of grade school readers. Second, the trainees were the praoducts of.a wide
variety of environments, so that the only interests they could be expected
to have in.common would grow out of their life in the service. Third, the
limitations on time allowed for acquiring literacy made it mandatory that
Che program be rigidly functional in nature. A nominal proficiency grade
of 5.0 in reading and writing was established as the teaching goal, but
the purpose behind the program was simply to-qualify m'n to read, write,
and figure suffiCiently well to perform all essential Navy duties. Thus,
it was expected that graduates of the course would be able to read watch
lists and safety precautions, and would be able to fill in beneficiary
slips and mall store chits. On the other hand, thuce would be no attempt
to indoctrinate traine-!s formally in such refinements as capitalization,
spelling, and punctuation. Fourth, it was assumed that the vast majority
of instructors would be inexperienced in the type of teaching expected of
them. They could be expected to rely unduly on lecture and blackboard
methods and .:() encourage parrot-like memorization of lists of words with-
out developing the skills of analysis and synthesis that are essential to
literacy (Special Training Program, 1951). The CCC literacy materials
were called the Copp Lip_ series, the Army materials were called the ktilly
LiSa series, so naturally the workbooks, basic readers, supplemenrary read-
ers, tests, and teacher's manual developed for the Navy were called the
Navy Lip. series. Private Pete was replaced by Seaman Sam.

Development of the progrom materials was described by Ross:

In writirig this program, some radical departures from the
conventional were taken, because the situation and the nature
of the-students and inst7:uctors demanded them. For example,
a "reader" in the hands of an untrained instructor at the out-
set of the program would result in a static classroom situation
in which the students "read" orally in rotation, with prompting,
until the page has been virtually memorized. In the Navy Life
series, therefore, the first book.is not a "reader", but a work-
book7type text which forces the instructor down fromithe platform
among the students. The first of the readers is not introd-Iced
until considerable reading ability is developed through chart,
blackboard, and workbook reading experiences. Vhen it is intro-
duced, no naw skills or words are required for some time, and

, the student can read it easily for meaning. As a result, the
student is literate so far as the readers are concerned from his
very first experience with them.
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Comic books are exceeded in popularity by no other read-
ing material. So, latef in the program, when they can be
handled easily, comic books are introduced for rapid, super-
vised classroom supplementary reading. These are regular com-
mercial comic books, carefully selected in advance of publica-
tion, and then rewritten with a core vocabulary basic to the
Navy Life program.

(Ross c.s., 1946, p. 204.)

Notably, the corie:stone of this program was not the basal readers,
which was rrobnbly the case in civilian initial reading instruction, but
the pro,aram's two workbooks functionally entitled Navy Liie Book I and
kz.vy !....E6e. Book II. Both books were constructed on-a basic vocabulary
that derivEd fir6t from words shown by research (what specific research
is not in_the record) to be an essential minimum for literacY, and then,
to as great an extent as possible, from naval terminology. Fans of
Leonard Bloomfield All be interested in Figure 1, which is the first
"story" that occurs in Navy Li6e Book I. The emphasis on the single
spelling pattern "at" embedded in hat, mat, and sat will seem very famil-
iar to those acclimated to Bloomfield's "Nan can'fan Dan" (cf. Bloomfield
eg,Barnhart, 1961). Extensive reliance was placed on illustrations to in-
dicate vord meaning, but other devices such as.a visual acuity test and
illustrations of phonetic similarity were also used. It was assumed that
by teaching reading and writing simultaneously, growing proficiency in
either would increase proficiency in the other. The material in Wavy Li6e.
Book I, which contained 400 illustrations, took as its common denominator
barracks life, which all trainees might be expected to have in common.
ln the second volume, the emphasis was gradually shifted from phonetic
el ,ents to syllable and from illustrations to context as a means of fur-

Aing clues to word meaning. The rigid control over the material that
characterized Navy Li*. Book I was gradually relaxed in Book II, and was
finally loosened so that any student capable of handling it would be able
to conduct independent reading outside the classroom. Navy Li6e. Book II
was also prepared wirh the intention that it should be a useful adjunct
to regular recruit,training, since it contained a good deal of incidental
information on such subjects as semaphore, firefighting, elementary navi-
gation, naval customs, guns, ship types, seamanship, naval terminology,
and personal hygiene.

As -!..t evolved, the curriculum was developed on a flexible scale,
operating between the limits of twelve and twenty weeks. In other words,
trainees received periodi: ests starting with the eleventh week, and could
be graduated any time thereafter by showing that they had achieved the re-
quired level of literacy. The minimum overall time prescribed for the
course was 256 hours, and the maximum time was 528. Within this framework
the variation in the allowance for reading and writing ran from 129 to 312
hours, and for arithmetic from 63 to 118 hours.
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Selection for the program depended on scores achieved on three tests.

1. The General 'Classification Test (GCT) a test of general
ability which in 1945 was re-introduced and given to all incoming person-
nel.

9. The Literacy Test (LIT) a direct meast-:-e cF reading achieve-
ment consisting of 44 items divided into three sublts: word recognition,
sentence reading, and paragraph interpretation.

3. The Non-Verbal Classification Test (NVCT) a reflection of
the.G0T administered in non-verbal terms through the use of pictures and
°aeometric forms. The NVCT consisted of 75 items divided fnto five sub-
tests: picture analogies, figure analogies, picture classification (oppo-
.sites), figure classification (opposites), and metrics (comparable to
Raven's metrics).

According to Rodges (1964), the following screening procedure was
used:

1. All recruits scoring less than a standard score of 35 on the
Reading Test (the GCT, when the Reading Test was discarded) of the
Basic Test Battery were administered the LIT.

9. Men scoring 40 (equivalent to 5.0 grade level) or better on
the LIT were considered "literate" and sent on to regular recruit
training, and thoie scoring below 40 on the LIT were given the
NVCT.

3. Nen scoring higher than 34 on the NVCT were considered trainL
able, and sent to the Special Training Program. (A raw score of
34 on the NVCT is between 30 and 35 Standard Score on the GCT.)

4. Men scoring 'below 34 on the NVCT were sent to a ps;chiatric
unit for closer examination; they were suspected of being both
illiterate and untreinable. (NB The LIT and NVCT scores of
40 and 34 were later changed to 37 and 38 respectively as a re-
sult of an unidentified study, all records of which have vanished.)

In other words, the men sent to the special training units were those
in need of literacy training (low LIT score) and judged capable of assimi-
lating it (high NVCT

The Navy Reading Achievement Examination (NRAE) was also developed as
a standard measure to determine when students in the variable-length
Special Training Program were ready to graduate. Both the LIT and the
NRAE were calibrated against the Gates Reading Survey to establish grade
levels. The NRAE was designea to be fu!:4ctiona1 and teste'd students for
understanding Navy situations in which they might find themselves.
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There appears to be a single evaluation study of the Navy's World
War II Special Training Program. This study was administered and docu-
mented by Hagen and Thorndike (1953).on the basis of personnel records
salvaged from the Naval Records Management Center, Garden City, New York.
Two types of data were abstracted: (1) background facts that might pre-
slict success in the Navy, and (2) facts about the man's career that might
indicate his success in Navy duty assignments. Three groups of men wereidentified:

1. The "Illiterate" Group. This group consisted of 1026 men
inducted into the Navy during August and September 1944 and
initially assigned to the Special Training Program aU Camp Peary.
2. The Control Group. This group was selected by taking a
serial number that was five digits above the serial number of
a member of the illiterate group. The man thus identified,was
included in the control group if he was not black, not illit-
erate, and came from the same geographical area as his illit-
erate counterpart. If a serial number five digits higher did
not identify a qualified counterpart, one five digits below
was selected, and so on. In this way a control group of 1021
men was chosen. This group resembled the illiterate group on
most geographical and demographic measures.

3. The Marginal Group. This group was composed of 999 men
who had scored below 36 on the GCT and who entered the Navy at
about the same time as the illiterates. This group was geo-
graphically and demographically dissimilar from both the illit-
erate and control groups.

8egen and Thorndike described the average member of their illiterategroup as follows:

He was inducted in the Navy when he was about 19 years
old. At the time of induction, he was single but had one or
more people who were partially or wholly dependent on him for
support. Before induction, he had lived in a rural area of
the South where the standard of living was below the average
for the nation as a whole. He had completed the fourth grade
in school and left school at the age of fourteen after having-
repeated at least three grades. Since leaving school, he had
worked for his parents or a relative on a non-mechanized farm.
In his spare time he hunted Or fished. He made a score of 4
out of a possible 17 on the Qualifications Test and a score of
31 on the Navy General Classification Test.

(Hagen & Thorndike, 1953, p. 18.)

Hagen and Thorndike summarized the differences they found between the
illiterate and control groups as follows:

1. The illiterates were much more likely than were the control
cases to be assigned to construction battalions, and were less
likely to be assigned to U.S. permanent party or to auxiliary ships.
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2. The illiterateS tended to receive a lower average pro-
ficiency in rate.- Only 50% received an average of 3.5 or
over, as compared with 73% in the control group.

3. The illiterates received fewer proMotions. Only 15%
made petty officer, as compared with 37% in the control group.
4. The illiterates received more disciplinary actions. In theilliterate group, 23% had records of some type of disciplinary
action, as compared with 11% of the control group. General
courts martial were ten times as frequent in the illiterategroup.

5. The illiterates more frequently lost time due to miscon-duct 20% versus 7%.

6. The illiterates less frequently received an honorable
discharge 83% versus 88%.

7. The illiterates were somewhat more likely to receive
a medication survey, and were the only group to be surveyed
for inability to learn 19% versus 15%.
8. The illiterates were somewhat more likely to incur a
venereal infection 5% versus 3%.

9. The illiterates were slightly more likely to generate
a Veterans Administration disability claim 11% versus 9%.
In most of the factors that distinguished the illiterate from the

control group, the marginal group occupies an intermediate position, usu-ally nearer rhe illiterate group than the control group. The only exep-tion to this is the case of disciplinary actions; the marginal group weremore often in trouble and their offenses were more serious.
The Hagen and Thorndike study is intersting, but it is

study of personftel at different mental levels. It does not L7,JL.
say about the effectiveness of'literacy training. It does. hoo.
something about the success of illiterates in the Navy, 1

seems reasonable to conclude w5,th the au!:hors that many most: c
illiterates appeared to make an acceptable adjustment to

After the war, screening of illiterates with the GC:, 1,27,
continued, but the Special Training Program was discontind
of general demobilization. Ginzberg and Bray (1953) .estioc.
men were assigned to the 'Navy's Special Training Program a:1
its history.
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2. Recruit. Preparatory Training

In 1950, withthe influx of 'volunteers during the Korean War, eom-
Mands were once more authorized and encouraged to identify and trath any
illiterates who might be aboard. By the spring. of 1951, literacy rraining
wes being conducted informally in after-hours programs at the -%hvE-. recruit
training centers (Bainbridge, Maryland; Great Lakes, Illinois; and San
Diego, California). By September 1951, literacy training was planned on
a full-time basis under the new title Recruit Preparatory Trainng.(RPT)
(Standlee, 1954). Officially, the main objective of the proF,k,51 was "to
teach selected recruits to read and understand instructions Z.d'). to pre-

pare them .to absorb military training. Recruits should.atair. a lcvel of
proficiency in reading which is comparable to completion of te fourth
grade" (Curriculum for Recruit Preparatory Training, 1953, 5). Further,
an accepting classroom atmosphere was to be created as indieted by the
following guidance provided by the Bureau of Personnel.

1. Make the first reading tasks simple enough to idsuve
that the recruit experiences an early feeling of success in
learning to read.

2. Show the recruit that his low reading achievement is
a handicap which must be overcome in reaching his c7)!i

becoming a useful sailor.

3. Ccente a permissive classroom atmosphere and start whenc .

the learner is. The individual recruit is the one o
learn. The most the instructor can do is guide and he7p
The instructor should guard against a highly directive, sul)
ject-matter-centered ar=oach which is on a level that
reaches some recruits.

4. Integration of military subjects with reading, orting,
and arithmetic. Some examples of how this can be done.
Usted Ce1.6w:

a. The ,instructor includes some topics c,e.Led to
service in the Navy at appropriate times Lis read-
ing, writing, and arithmetic classes. ThLz procedure
will probably be more cffective during the latter part
of RPT.

b. Use o visits to ships or parts of the training
,-;enter. Trainees can write about wh z,:. ley see, read
accounts to each other, learn naval terry:, etc.

c. Learn to read safety sigrs found on the center or
aboard ship.

d. Prcparaiit of RPT news sheet and use if local
newspapers and nnouncements of re17eation.
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e. Provide guidance in writing letters home about
barracks, field-day; bunks, meals, training activities,
et cetera.

f. Familiarization with types of material found in
The Stuejacketz' Manual, libraries on the center and
aboard ship, and courses available through USAFT.

(Curriculum for Recruit Prep-
atory Training, 1953, p. 11.)

The curriculum materials were, vith minor updating, composed of the
Navy 1.4,Se. series prepared for the WJr.:_l War II Special Tratning Program,
although use of other supplementary ia:ecials was encouraged (Standlee,
Fattu, & Auble, 1954a). The selection procedure for RPT was.the follow-
ing, as desc,ibed by Hodges (1964):

1. All men scoring below 36 on the GCT were administered
both the NVCT and LIT.

2. Men scoring 38 and above on both tests were considered
literate and trainable and sent to regular recruit training.

3. Men scoring 37 and below on the LIT (38 on the LIT.is
about a 4..7 grade level) and scoring 38 or higher on the
NVCT, were considered illiterate but trainable and sent to
special training.

4. en scoring less than 38 on the NVCT and on the LIT were
suspected to be untrainable and were sent to a neuropsychiatric
unit for further examination. From the neuropsychiatric unit,
men were sent to special training, regular recruit training (on
a trial basis), or discharged.

Referrals could also be made to the Special Training Program by Compacy
Commanders in regular recruit training. The NRAE, with a new form added,
was restored as an end-of-course cv:'.zerion. The 5.0 grade level was still
the course objective. Students were given 7-9 weeks to complete the course.
An observer who .4as'sent to the three RPT centers in 1953 reported that,
in general, the selection and curriculum procedures in use followed the
Bureau's directives, that a total of 239 trainees were enrolled in all
;:hre centers, that 85 to 94 percent of the trainees successfully com-
pleted the RPT program, and that they took 6-7 to 9 weeks to complete it
(Fattu, Fay, D'Amico, & Standlee, 1954).

Two evaluative studies of RPT were completed. A study by Cofer (1954)
investigated the effectiveness of RPT in achieving its most immediate ob-
jective, preparing the trainee for regular recruit training. Standlee
(1954) dealt with the more ultimate criterion, performance of RPT gradu-
ates in fleet assignments.
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A principal concept In Cofer's study is that of adjustment; specif-
ically, adjustment of RPT graauates to regular recruit-training. For the
purposes of his study, mental health considerations were set aside in
favor of adjustment that emphasized, first, adequacy of perforMance of
recruit duties, and, second, attitudinal and motivational factors in re-
IIationship to the Navy; recruit training, and civilian plans. Fourteen
rating scales were developed to assess adjustment in the first sense, and
an 80-item questionnaire was developed to assess adjustment in the second.
sense. Two groups of subjects were identified; one at an early stage of
recruit training (Group I), and one at a later stage of recruit training
(Group III). Within each of these groups, four sub-groupsowere identi-
fied.

RPT Graduates: Group I - N = 30
Group II N = 21

Recruits with GCT scores.
below 35, but not RPT Graduates: -Group I N = 13

Group II - N = 18

3. Recruits with GCT scores
between 35 and 40 inclusive: Group I N = 29

Group II -. N = 46

4. Recruits with GCT scores above 40: Group I N = 30
Group II N = 49

Each subject Was evaluated on his adjustment to regular recruit training
by peers and Company Coaimanders separately on the 14 scales reflecting
adequecy of performance in recruit training.

In general, members of the RPT sub-group resembled the members of the
high GCT sub-gro-T on the criterion scales more than they did members of
the intermediate sub-groups. The results of the peer ratings for Group I
subjects were the following:

1. The high GCT sub-group and the RPT sub-grcup were rated
significantly,superior to the intermediate sub-groups on per-
sonal cleanliness, military bearing, bunk and living quarters,
general Navy performance, and leadership.

2. The RPT sub-group was rated as significantly superior to
the other three sub-groups on marching and maneuvers and
physical drill with rifle..

3. The high GCT sub-group was rated as significantly superior
to the other three sub-groups on quickness to learn 2nd
response to orders.

4. The RPT sub-group was-superior to the intermediate sub-
groups on care of clothing.
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The results of Company Commanders ratings of the Group I Subjects were
the following:

1. The high Gui sub-group was significantly superior to the
other three sub-groups on quickness to learn, response to
orders, willingness to work, and general Navy performance.

2. The high GCT sub-group and the RPT sub-group showed superior
ratings on care of clothing and military bearing.

The pattern of ratings for Group II was essentially the same as that ob-
tained'for Group I.

a
in gLineral, it seems reasonable to conclude with Cofer that RPT aided

recruits in adjusting to regular recruit training, but it is still diffi-
cult to determine what contributions the cognitive aspects of literacy
training made to this adjustment.

.

Standlee (1954) studied three groups of,recruits in his investiga-
tion:

1. RPT Graduates: N = 611

2. Marginal recruits with a GCT of 35 or lower,
an NVCT of 38 or higher, and a LIT of 33 or higher: N = 2,414

3. Typical recruits with a GCT of 36 or higher: N = 1,998

The 5,312 total subjects were originally selected by identifying all
RPT graduates and marginal recruits processed during the period 10 May 1952.
to 1 September 1952 and a random 10 percent of the typical recruits proc-
essed during the same period. Data on the fleet performance of these re-
cruits were obtained by mailing out questionnaires to their Commanding
Officers during July-August 1953. Most of the questionnaires were return-
ed, of -which, .5,023 were suitable for analysis an effective response
rate of almost 95 percent.

The RPT and marginal groups in comparison with the typical group were
much more often assigned to general duty (unskilled work) and to duties
that did uot requirte as much reading skill. The two groups were less.fav-
ored with promotions, had lower average performance evaluations by super-
visors and Commanding Officers, and had a higher proportion of disciplin-
ary actions and days lost due to misconduct or sickness. In the opinion
of division-leading Petty Officers, the two lower groups generally showed
less promise for future advancement and profitable service to the Navy.
The two lower groups, however, indicated more intention to reenli6t than
the "typical" group.

Overall, the two lower groups tended to resemble each other, and to
be somewhat less effective in performance than the "typicals". Where dif-
ferences between the two lower groups were found, they tended to show the
marginal group to be superior to the RPT group. However, most of the dif-

. ferences between the three groups were small and none of the groups had
characteristically unacceptable performance; the majority of members in
all the groups were judged to be serving the Navy adequately.
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Two other relevant-investigations came out of the general contractual
effort that sponsored.the Cofer and Standlee studies. Standlee, Fattu,
and Auble (1954b) investigated the quality of Navy technical writing by
tabulating the frequency of words appearing in the Btuejacketz' Manuat
(14th edition), Tki6 YOUA Navy, Ate Handa, and the Navat TA.a,bvbig But-
ee-tin; and Fattu and Standlee (1954) applied two Flesch readability form-
ulas to the following publications: Btuejackete Manuat, StewaAdisman
(Manual), Faeman (mnhual), StewaAd and Cook (Manual), COmmibbaltipan
(Manual), Iha 14 You& Navy, Au Han4.6, and Navae Tiwinin Sattetin.
It seems unlikely that these investigations represent the first attempts
to systematically judge the quality of technical writing4m the Navy, but
these are the first that appear to be available in the.official literature.The results of these investigations are predictable: Standlee et al.
showed that even experienced writers and teachers use too many rare words
and exclude too Many common words when relying on their experience and
common sense; Fattu and Standlee found,that standard, essential Navy pub-
lications were, most probably, too difficult for Navy enlisted men
the average Flesch readability score of their sample was 61.7, which con-
verts roughly to a nint-grade reading level.

With the end of the Korean War, sufficient manpower again became
available to the Navy, and in 1957 the RPT program was discontinued in
favor of a shift in research and administration emphasis toward problems
connected with higher-level personnel. Subjectively, many persons in the
iavy (including most of the RPT graduates) felt that RPT was well worth
the time and effort; objectively, the evaluation findings were incon-
clusive.

3. Academic Remedial Training in the Prenent

The Navy's current excursion into literacy training appears to have
been brought about by the Army's manpower supply problems during the Viet-
nam:conflict. During the Vietnam buildup, the Army was forced to accept
personnel who were classified as marginal by their scores on the Armed
Forces Qualification Test (AFQT). Generally, these volunteers and draft-
ees ranked in the 10th-30th percentile range on the AFQT (Project One
Hundred Thousand, 1969). As a consequence of its manpower needs, the
Army indicated to the Department of Defense that a coherent program for
processing marginal personnel was needed if manpower requirements were
to continue being met. Defense responded in October 1966, by establish-
ing "Project 100,000" which was to help meet manpower supply problems by
spreading marginal personnel throughout all three services. The project
was also intended to provide training for these men so that they would be
better prepared to return to ciVilien life if they chose"to do so. Under
Project 100,000, the Navy agreed to accept up to 15% of its enlistees
from the marginal category and allow them to volunteer for the normal
draft tour of two years. Accordingly, the Navy established RPT units at
Great Lakes, Illinois, and San Diego, California, in February 1967 (Weeden,1975). Almost immediately, the name of the program wa5.; changed to Academic
Remedial Training (ART), and this is the name currently in use.
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Despite the expiration of Project 100,000 in 1972, the ART program
has continued in operation uP to the present. Although projections have
indicated that induction of marginal personnel will be unnecessary even
under the current no-draft policy (e.g., Battelle et al.. 1973), ART may
be continued because of the rising national consciousness concerning equal
emploment opportunity and/or because of (anticipated) improvements in the
national economy.

A student may currently be Ealected for ART if he averages between
3.0 and 5.5 grade levels on the Vocabulary and Comprehension Sections of
the Cates-MacGinitie Reading Test. Originally, the Navy L. series was
once more dusted'off and re-edited for the program; however, use of these
materials was largely discontinued in 1969. Weeden (1975) describes the
new program that is projected for Implementation in ART. The course of
instruction may last a maximum of 8 weeks and is broken into two phases:
a diagnostic phase and a therapeutic phase. The diagnostic phase pro-
vides for initial assi,4L. ent of the student to one of three courses:

1. Course Mike A phonics course emphasizing word
attach skills.

2. Course Oscar A reading course beginning at the

3. Course Victor

3.0 grade level,

A reading course beginning nt the
4.0 grade level.

The therapeutic phase consists of two mutually reinforcing areas: word
attack and reading abilities. The word attack area concerns phonics,
vocabulary development, and word knowledge (root words, inflections, pre-
fixes, synonyms, etc.). The reading abilities area concerns reading
practice, comprehension skills, and study skills.

-Notably, ART is integrated only into recruit training, as were RPT
and the Special Training Program before it. The proportion Of illiterates
in the United States in 1960 was estimated to be only 2.4 percent (Harman,
1970), and, with current screen..ng practices, it seems unlikely that there
is an appreciable number of illiterates assigned to Navy billets. However,
a new concern that keys on the concept of functional literacy is beginning
to appear. It may well be that, despite the universal attainment of lit-
eracy by Navy personnel, some men (and women) may fail to perform because
they do not read well enough to meet the requirements of their jobs; there
may exist, in effect, a literacy gap. This possibility was first raised
by the Fattu and Standlee report of 1954; however, two reports by Carver
(1973a, 1973b) and current work by Duffy at the Navy Personnel Research.;
and Development Center seem to support the current concern over a liter-
acy gap. If such a gap exists, it may become necessary to extend liter-
acy training from the recruit commuds to the fleet. The nature and
location of programs devised to meet the 1.1.,;.,racy gap would represent
very new directions in the history of literacy training in the Navy.
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C. Final Comment

. From the preceding survi;_y of literary training, it is apparant that
problems of literacy are not a recent discovery; they have been a con-
cern of the Navy throughout its history. This concern has been motivat-
ed both by aneed for proficient-job performance and by an interest in
the general welfare of Navy personnel. In the development of literacy
programs, the. Navy has, at one time or another, been sensitive to at
least the following six issues:

1. Level of Literacy. Efforts have been made to identify levels
of literacy and to tailor instruction to the level required of a
trainee. The idea of functional literacy as a consifteration in
determining what level of literacy a trainee ought to achieve in
order to perform a specific job has also appeared.

2. Cause. of Literacy Problems. Adjustments in Navy programs have
been made to identify speakers from non-standard English linguistic
communities, and to adjust instruction'based on the language habits
likely to be fostered by those communities.

3. Evaluation. Both narrow (Are program objectives being met?)
and broad (Is fleet performance being enhanced?) issues have been
considered in evaluating Navy literacy traiaing.

4. Decoding. Issues of relating orthography to acoustic repre-
sentation so that learners may identify information within their
linguistic experience have been addressed.

5. Affect. Learners' attitudes toward themselves and toward
literacy have been taken into account.

6. Active Participation. nest military training attempts to
involve as much "hands-on" experience as possible and this approach
appears in Navy literap training particularly with the emphasis
on the Navy Li4e. work,books.

On the other hand,. the Navy's interest in literacy has been largely
intermittent. FroM the evangelical c.:,ace;:n ,,i the Chaplains to the cur-
rent interest in ART, lack of literacy Fr:Ails on the part of Navy person-
nel has always been given full opportunity ti handicap the Navy's opera-
tional effectiveness before anything is done about it. Programs that are
devised in response to literacy problems usually prove to be relatively
sophisticated, as the Special Training Program and RPT curriculums demon.-
strate, but these programs seem to appear only in response to wars or
other national emergencies. The outlook for the current ART.program tan-
not be very bright. ART is remarkable for continuing as'long as it has
after the demise of Project 100,000, but it seems reasonable to antici-
pate waning interest in ART on the part of the Navy unless problems aris-
ing from the all-volunteer military suddenly become more severe, manpower
supply, for whatever reason, becomes more constrained, or the national
priorities for equal employment opportunities are sustained.
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The primary hope for continued interest in Jiteracy training seems
to rest on the concept of functional literacy in which the concern is
not sc, much with illiteracy as with what literacy is necessary for spe-
cific Navy jobs (e.g:, Duffy, Carter, Fletcher, & Aiken, 1975). In this
respect it seems likely that concerns of literacy will be modified in
two ways. First, they will become more narrow in that finding and apply-
ing technical information will be emphasized rather than more general
skills of reading and writing. Secondly, these concerns will become more
broad in that considerations of media, such as the organization and qual-
ity of technical manuals, the availability and capacity of systems for
computer-based information retrieval, and the comprehensilility and use-
ability of graphic and pictorial information will be integrated wit% more
conventional literacy considerations. These are fairly novel directives
for literacy training in the Navy, but they are also timely: It is dif-
ficult to come away from an historical survey of literacy training with-
out an appreciation for the continuing increases in the amount ot infor-
mation that must be available for successful performance of Navy jobs.
Classically exponential, these increases were at first gradual, but are
now accelerating at an impressive rate. The importance, and even urgency,
for systematic concern with literacy is hard to escape, and it is to be
hopad that literacy training will receive contiuuing support from all the
militnry S21-Vices.
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COMMENTS ON THE PAPER BY FLETCHER

RoLe..t Glaser

University of Pittsburgh

Glaser based his remarks on Fletcher's paper and on discussions huld
. at the Conference up to that time. His major point was that in both civil-
ian and military settings, there seems to be a shift from speaking about
general literacy and general intelligence toward the consideration of
specific kinds of literacy and specific intelligences. He identified
ziunctionat job LEtettacy as one type of alternati-re to the concept of
genma.e. ti.-te)Lacy. With 4unctionat job literacy, the concern is to turn
someone into an expert on his job to give someone the wherewithal to
develop expertise in his job and to develop pride in this job. He sug-
gested that we frequently confuse functional literacy with general liter-
acy, rather than recognizing it as the knowledge structure of job tasks
and the interrelationships of fundamental concepts in jobs. Functional
job literacy training should provide a knowledge network so people can
retrieve and use job information readily, easily, and with a high degree
of connectivity to other concepts so that this information can be used
most adaptably. He mentioned the primitive theories of knowledge and con-
ceptual networks now being thought about in cognitive phychology, and sug-
gested they might be valuable areas for research related to functional
literacy. In regard to geneka 4itekacy. Glaser stated that rather than
regarding general literacy in terms of 4th, or 6th, etc. grade levels,
we should consider general literacy in terms of the number of opportuni-
ties open to a person with certain literacy skills. He related the con-
cept of aptitude to that of general literacy by pointing out that we have
not really investigated the trainability of what we call aptitudes, and
similarly, the grade level concept of general literacy does not focus on
the trainability of literacy. There are a finite set of skills needed to
get through school in the way we currently train people, and literacy
skills make up a heavy component.of this training. The more we use the
printed.page, the rhore certain skills are required to get through the
training program; this certain set of skills then becomes rarefied in what
we call "general.literacy". If we want to maximize the number of people
getting through training, we have to analyze the basic components and pro-
cessess making up general literacy and general intelligence and train these
as sPecifiC\skills. As one way to train general literacy, Glaser suggested
first trainIng people in functional literacy; this might then provide the,
motiveUon to iMprove their general literacy. He also recalled the need
to think about other ways of learning by non-literacy skills, and cationed
about "over-literacizing" a job; that is, making the job more "nrestigefull"
by an unnecessary proliferation of camplicated printed materials.
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A HISTORICAL PERSPECTIVE OF ARMY R&D READING
AND TECHNICAL WRITING

Jack H. Hiller

U.S. Army Research Institute

Army use of technical writing for training and operations has been
and continues to be exten3ive. The Army has trained at least a half mil-
lion illiterates since 1942 to help them to read this literature and to
enhance their adjustment to Army life. Yet, research on reading and
technical writing was sparse- will attempt to characterize this R&D
in reading training and technical writing from the Second World War to
the early period of U.S. combat in Vietnam. My purpose is to provide a .

backdrop against which contemporary R&D may be compared to reveal both
progress and research gaps.

Reading Training

There were two major literacy (reading, writing, and arithmetic)
prograos conducted during the time frame for this review: (1) the
Special Training Unit (STU) program of WW II (Goldberg, 1951), and (2)
the Basic Education Project at Fort Leonard Wood during 1953-4 (Goffard,
1956). These two programs provide the focus for this review, and they
will be discussed together as we proceed. It should be noted that the
STU program met an urgent need And was not experioental, rghile the Fort
Wood project was.

This review is organized according to-a systems approach toward
training so that the following topics will be covered: job requirements,
training goals and objectives, instructional methods and media, selection
and training of instructors, selection of students and achievement test-
ing, and program evaluation.

1. Job Requirements. Formal analyses and measurement of general Army
reading needs were not conducted. Likewise, measurement of reading needs
posed by specific jobs and job training was not performed. Informal, in-
tuitive estimation of vocabulary and reading tasks provided the basis for
training.

2. Training Goals and Objectives. In both programs, enhanced traina-
bility and military performance were primary goals. The STUs were furn-
ished with relatively clear and complete learning objectives that appeared
to be functional to Army needs. For example, the first objective required
recognition and understanding of 46 specific Army words. Other objectives.
were to follow directions and to find and retrieve specific information.
The STU reading materials were carefully selected to. be directly relevant
to Army life. In contrast, the reading goals and materials of the Fort
Wood project were academically oriented.
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3. Instructional Methods and Media. The STUs were provided with num-
erous training aids, such as film strips, flash cards, posters, and
charts, as well as supplementary periodicals. The core of training was
a specially prepared basic text and workbook that was graduated for dif-
ficulty. All materials were Army relevant. The Fort Wood project used
coalmercially prepared materials.

4,-. Selection and Training of Instructors. Mainly experienced, well-
educated teachers, civilian and military, were employed by the STU.
Supervisors and teachers were given pre-service and in-service training.
Carefully prepared instructor guides based on STU experience were pro-
vided. Only civilian instructors worked at Fort Wood.

5. Selection of Students and Achievement Testing. Students sent to
the STU were drawn from three categories: (1) illiterate, but able to
learn, (2) non-English speakers with learning potential, and (3) men
from the lowest category of learning ability. Screening was accomplished
by a series of tests. Individuals who passed a specially developed lit-
eracy test were given the Army General Classification Test. Of this
group, the lowest performers were sent to the STU. Individuals who did
not pass the literacy screen were given one or more non-language ability
tests to estimate learning potential. Low scorers on the non-language
ability tests were discharged.

Selection at Fort Wood was based on having a relatively low aptitude
area score on the Army General Classification Test and a score indicating
reading ability level below the fourth grade on the U.S. Armed Forces
Intermediate Achievement Test. This achievement test is based on a com-
mercial test for elementary school children and covers vocabulary, read-
ing comprehension, and arithmetic. Both the vocabulary choices, and
skills reflected in comprehension test items appear to have marginal
relevance to Army needs.

The STU attempted to place individuals according to a test specific-
ally designed for that purpose; however, placement was intuitively decid-
ed and definitive research was not conducted.. A terminal achievement
test, having the same form as the placement test, was used to help determ-
ine the decision to graduate students. These tests relied on content
validity and internal consistency to establish validity. In addition,
they were correlated with a commercial elementary school test to support
validity and to estimate grade .quivalence. Time allowed for graduation
from the STU varied with Army ranpower needs, but overall the maximum
allowed was about 12 weeks. (7raduation from the Fort Wood program re-
quired achievement of the fou:th-grade level within 96 hours or 16 days
of classroom instruction.

6. Program Evaluation. Fo.: a brief period during the early days of
the STU, questionnaires were sent to training units who received STU
graduates. The training units found these questionnaires burdensome, so
the War Department banned any further inquiries on STU post-graduation
pelt.ormance. Evaluation of the STU therefore, must rely on criteria
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internal to the program. Attributing effects to the STU would have been
problematical anyway; since its'students were heterogeneous, instructional
procedures, while carefully supervised, allowed for local innovation, and
graduation was based on a multitude of criteria that kept changing. In
addition, control Ss were not employed.

Effectiveness of the various instructional programs conducted at
Fort Wood was evaluated against external performance criteria, with the
aid of specifically selected control subjects. Higher scores were reli-
ably achieved by the experimental subjects on both written and perform-
ance tests concerning basic military proficiency. These military tests
were given to all trainees, including graduates of the Fort Wood liter-
acy classes, at the eighth week of basic military training. However,
the gain associated with the literacy training was only 2-3% and was re-

. garded as practically unimportant. Supervisor ratings based on six months
at the soldier's first duty position showed no practical effects. However,
these negative results must be regarded as equivocal, since the graduation
test was based on elementary school-related rather than Army-related
achievement, and the criterion level of fourth grade may well have been
too low to have impact.'

Summary

Army R&D on reading training upto 1954 did not establish clear
evidence of what reading needs exist and what effects reading training
may have on military training and performance.

Conclusion

From the perspective of a systems framework, what little research
was conducted cannot be regarded as in any way conclusive. Specific
reading needs were not researched. Training and job requirements were
not specifically modified to avoid or minimize literacy demands (although
there was debate on this topic in the Departments of War and Army).
Alternative methods of instruction were not extensively evaluated. The
graduation criterion was set at fourth grade, yhich might be too low.
In the largest training program, that of the STU, formal data concerning
the effects of literacy training ua Army performance were not collected.
Research form the Second World War through the Korean War may be charac-
terized as aiming at relatively low skill levels using brief training
programs. Such brief training reflects a determined effort to provide
,training that is cost-effective, although research to estimate costs and
effects has been too limited to guide specification of training parameters.
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Research on Technical Writing.'and Useability

This review is organized according to a system engineering approach,
with attention given to the following selected topics:

o Determination or specification of job functions and
tasks performed by technical writers.

o Determination of skills and knowledge required for
training and job performance by technical writers.

o Development of guidelines, specifications, and :ccept-
ance criteria for training materials, technical docu-
mentation, and job aids to.be produced by technical
writers.

o Evaluation of training materials and job aids (e.g.,
writer's handbook) for technical writers.

Comparative evaluation of the effectivene-7s 3f mate-
rials produced by writers having differetr iaining
or using different job aids.

1. Job Analysis. I have not found any evidence of symatic research
to determine the job .funr;tions and tasks performed by inLiiv:,:nals who
were assigned technical uTiting responsibilities. Apparn!-J..?, as Richard
Kern found by interviews conducted in the.early seventies (7eported in
this volume), technical writing assignments were madeou. basis of job
proximity, wil% subject matter familiarity presumed to pr,Dvide the neces-
sary and sufficient expertise. Given this presumption, it follows that
research into job requirements would.not have been pursued.
2. Skill and Knowledge Requirements. Although empirical research aimed
at determining tasks pe'rformed by technical vriters seems not to have been
conducted, it is clear that the communicability of Army writing was widely
recognized to be a problem. Nevertheless, specific skill and knowledge
requirements were not researched.

3. Writing Guidelines and Acceptability Cr:!_teria. To alleviate problems
.caused by needlessly difficult writing styler, various writim; guides were
compiled; for example, Klein (1946), Stephep.son (3950), Milton (1953),
Hoehn (1960), End Rogers and Thorne (1965). Klein presented a guide for
writing,military correspondence, o.:d-rs, reports, manuals, and news cory.
He stressed that clarity and conc-ness were primary virtues. To heln
writers aChieve clarity, he show:a examples t_f writing with specific
faults and corrected versions. ident:.fied confusing military
jargon, and provided brief rules of grammar and some suggestions for
writing manuals.

Milton prescribed the use of topic sentences, transitional'. tecnniques,
"concrete" words, active verbs, and familiar Nocabulary; and the avoidane
of passive verbs, parenthetical expressions, and other complex sentence
forms. He also advocated the Flesch notions uLl using short sentences wiLh
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personal pronouns. Stephelison reported that the Infantry School atFort Benning had adopted Flesch (1948) readability formula to rewrite
its infantry manuals.

Hoehn described,certain logical crit-eria for deciding when infor-mation should be conveyed by a handbook inste(:u of by training;
a. Ease of Communication. Consider using a handbook Lf it

is easy to show btw to perform a given task.
b. Difficulty to Learn. If a task is difficult to learn

(memorize), but can be effectively supported by a hand,-
book, then skip the training in favnl of the handbook,
or suppOrt performance with a handbook.

c. Frequency of Use. If a task 'is seldom performed, include
it in the handbook rather than training.

d. Accuracy or Safety Requirements. "En situations in which
the safety of the repairman or the effectiAeness and saietyof the equipment allows for no errors fn performance, re-
sponses should be supported by handbook co:tent as well as .

training." (page 6).

Hoehn also described certain logical criteria for pimducing or seJect-ing handbooks: (a) All of the steps required to perfonn a given task
should be covered, (b) the handbook should be easy to use, (c) the hand-book should be cost-effective by either improving job vrformance or re-ducing training costs.

Included in Hoehn's report was an exemplar for handbuc ensign .70.the area of electronics
troubleshooting.. However, one is incl.ned to

wonder if an "average" Army writer could readily understand and applYthis exemplar. Likewise, could even psychologically senhistjated writ-ers use Hoehn's logical criteria; for example, could t ';y acc-,:catly pre-dict the communicability
and learning difficulty of proposed handbookcontent, as compared to active training? Thus, it seems to be that the

useability of Hoehn's logical .criteria is a question.

Rogers and Thorne actively considered factors influenci the deci-sion on what to include in a troubler,hooting :dermal, arid on ho (J-orgln-ize and present its tontents. Based on their theoretica. analysis, anexperimental manual was prepared. An experimental test was conduced byhaving one group of technicians use the experimental manual to locce
malfunctions in comparison to a group of technicians who LA st~tAdardmaterials, including their personal notes. The technicians theexperimental manual performed "substantially" faster and more effectively.Based on this research, a guide for publication agencies to use when pre-paring similar manuals was written (Rogers & Harris, 1964), but I havenot found evidence that it was field tested.

Across the years, it is possible to see a trend from untesteJ, logical
prescriptions on how to write effectively (Klein, 1946) to empirlic.l test-ing of hypotheses on how to present information (e.g., Rogers & Thorne,1965).
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4. Evaluatioa of Training Materials and Job Aids for Technical
L-ve not uncovefed any instances where the utility of writ-

ing irs!ruction or writer's manuals was empirically evaluated. At the
very least, the actual or attempted useage of skills developed in train-
ing should be measured, as well as the useage of manuals on the job. If
a writez's manual is never taken off the shelf, then research'to design
a hettei one might be seen as futile. When a manual is tooked at, it
may offer d.lceptively simple advice, such as "write short sentences using
familiar vocabulary, action verbs, personal pronouns. and few prepositions",
which is (j_fficult for a writer to effect without further guidance or
training. Furthermore, there is no solid evidence that writers who con-forn to prescribed rules actually produce more effective writing.
3. Comvarative Evaluation of Alternative Training or Job Aids. It would
seem to be a point of dubious finesse to mention that comparative evalua-tions do not appear to have been conducted, after having cited a lack of
evaluation for singular products. However, it seems appropriate to empha-size that the ultimate objective for research on technical writing is to
imprc,ve the readability and useability of technical documentation. Ideally,
the products of writers who use a given experimental writer's manual would
be compared for useability with the products of writers who are left to
their own devices, or who use an alternative job aid. Unfortunately, such
useability research appears to be difficult and expensive (see Richard
Kern's paper in this volume).

OVERALL CONCLUSION

The'major impression of research on reading and technical writing
gotten by this reviewer is that, as of the mid-sixties, there was a
paucity of reseatch. One might speculate on the reasons. On the one
hand, research to improve communication has faced the spectre of theoret-ical and empirical ignorance about how communication skills are learned
and can be taught. On the other hand, motivation to embark on potentially
costly research programs aimed at improving training and job performance
by increasing cOmmunication skills appears to have been relatively low,
as compared to the motivation to acquire new hardware.
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COMMENTS QN THE PAPER BY HILLER

Jeanne Chall

Harvard University

Chall made five points relating not only to Hille's paper, but to
other presentations and discussions. The first point was thai e need to
keep in mind the fact that concerns for readability measurement and the
writing of readable materials are not restricted only to the production
of low level materials for beginning or low level readers. These are also
concerns for the production of higher level materials, such as newspapers,
textbooks, corporation reports, and so forth. Yet, the problem of read-
ability measurement and writing readable materials may be quite different
for providing materials for developing readers than those for highly
skilled readers. She related this to the expressed concern for functional
literacy (see Guthrie's comments on Burkett's paper) in which the primers
for the illiterates incorporated meaningful content, and contrasted this
with the type of primers constructed to teach basic phonics skills. The
questions of whether one or the other approach is best is open, Chall
suggested.

The second and third points made by Cball were that more needs to be
known about the unskilled readers who are entering the Armed Services.
For instance, how many are of both low IQ and unable to read, and how many
are of normal IQ but are dyslexic unable to read, but otherwise intel-
ligent. For a completely adequate literacy training program, one needs
information about the probable reasons for a person's difficulties. Chall's
fourth point concerned the objectives of literacy training programs within
the Army and their practicality. She expressed her opinion that any pro-
gram for adults which had only a fourth-grade or fifth-grade skill level
as an objective was not preparing the person for any practical tasks. She
wonderi why it was considered possible that one could take somebody who
goes to school for eight to twelve years and does not learn to read, and
put that person through a 12- (or so) week program,antl teach him to do
something (read) that a normal child would take four or five years of con-
stant practice to achieve? Chall suggested that comparisons be made of
adult illiterates in the military with civilian illiterates and with Chil-
dren who are learning to read at different ages. From such comiJarirons,
military researchers might gain useful information about the asr,cts of
learning to read that are universal to all and about those :ipecific to
adults, and further, to adults in the military. Where theLe is commonality,
much can be learned from the extensive research that already exists, based
on children.

The fifth and final point made by Chall was that there needs to be
materials of a suitable reading level around for newly trained literates
to practice reading. If Army men are taught to read at the fourth-grade
level, and there are no Army materials written at that level, then there
is very little opportunity for further practice and skills may dwindle to
pretraining levels. Army and other military literacy training systems
must be designed to promote the continued growth of newly acquired, fragile
reading skills.
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A REVIEW OF RESEARCH AND DEVELOPMENT
ON LITERACY AND TECHNICAL WRITING IN THE AIR FORCE

JaMes R. Burkett

Air Force Human Resources Laboratory

INTRODUCTION

Problems relating to reading, literacy, and technical writing have
persisted in.the Air Force for many years. Because of the impact of these
problems on training, job performance, and operating costs, as well as the
considerable complexity of the literacy area from both a men and a materials
standpoint, numerous R&D efforts have been carried out addressing various
aspects of literacy and technical writing problems in the Air Force. The
purpose of this paper is to summarize the major research directions the
Air Force has pursued in these areas over the years in order to provide
some historical perspective.on what has been accomplished and what has led
up to the present R&D programs on literacy and technical materials.

3efore reviewing the various Air Force research efforts concerned
with the literacy area, some perspectives on the nature of the-problems
that have generated the research a.:e in order. Simply stated, both lit-
eracy and technical writing problems arise from a situation where there
is a mismatch (or discrepancy) between the reading demands of job or train-
ing materials and the reading abilities of personnel who must use those
materials. This mismatch between the literacy skills of men. and the read-
ability or useability of their materials is often referred to as a "lit-
eracy gap". The-existence of a literacy gap interferes with the success-
ful transfer of information from written materials to the personnel who
must use thaL information for the purpose of training or job performance.
The Air Force has always had some numbers of lower or limited ability
personnel and has also experienced an ever increasing technical complex-
ity of job demands and materials, even in high ability career areas.
Accordingly, a primary goal of Air Force researchers, personnel planners,
and training managers oVer the years has been 'to identify and reduce mis-
matches between men and materials as they have occurred, and a variety of
techniques and approaches toward that goal have been developed and employed
with varying success. The important consideration here is that .the prob-
lem has never been found to be the fault of the men or the materials alone.
Both have contributed to the magnitude of the recurring literacy problems
faced by the Air Force, and research has had to deal with both to some
degree to develop t e tools and techniques to address the problems that
have persisted through the years.

Thus, the goals of improving both literacy skills and technical mate-
rials have proven to be complex and difficult problems for the Air Force,
requiring recurring, if not altogether ongoing, research and development
emphasis over the years, an emphasis which continues today in the current
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program of the Air Force Human Resources Laboratory. The work accomp-
lished throughout the history of Air Force research on the problems of
literacy and technical writing spans a wide variety of topic areas and
approaches. Major areas of emphasis'have included efforts on readability,
technical writing and formatting, procedures for dealing with lower ability
personnel, job performance aids, useability of technical materials, simpli-
fication of materills, literacy skills and literacy training, determining
reading requirements, and measuring textual comprehensibility. While the
R&D efforts accomplished to date have provided a useful technology base
and a variety of useful techniques and applications in these areas, the
work continues. This is a _reflection not of the irrelevance or lack of
success of earlier efforts, but of.the scope and complexity of the problem
area and of the ever changing nature of Air Force jobs and manpower.

We shall now turn to a review of Air Force R&D on literacy and tech-
nical writing. First, early efforts will be described. Next, the work
that emerged from programs of the Air Force Personnel and Training Research
Center (AFPIRC) from the middle through the late fifties will be reviewed,
along wich the research relating to lower ability airmen that was contin-
ued bysubsequent organizations through the middle sixties. Then, the
1.istory of the Air Force program on Job Performance Aids will be briefly
described. Other research of interest that has occurred outside the main
Air Force personnel, training, and human resources R&D channels will then
be noted. ,Finally, recent research nn literacy and readability will be
mentioned to complete the historical perspective of R&D accomplist,ed to
-the present time. Throughout the review, both Air Force in-house and
Air Force sponsored contract research are included, if the work appeared
relevant to the topic areas. While it is recognized that much of the
Air Force R&D on literacy and technical writing has been aCcomplished by
contractors, no attempt haS been made in this review to separate the con-
tract efforts from the in-house work.

EARLY EFFORTS ON READABILITY,
TECHNICAL WRITING, AND LITERACY

In the early fifties, Very soon after the.establishment of the Air.
Force as a separate service department, interest in research on readabil-
ity of job and training materials Lnd research on utilization and training
of low ability personnel emerged as important concerns. The Air Force was
becoming aware of the fact that much of its job and training materials
were very difficult to read, and that the increasing influx of lower abil-
ity airmen coming in as part of the Korean Conflict manpower buildup was
compounding the problem: England (1950) used the Flesch (1948) readabil-
ity formula to check Air Force publications and found them to be unneces-
sarily difficult. He advocated a camf_aign for use of "plain talk" and
simplification of materials in accordance with Fleschts reading ease
guidelines. A year later (England, 1951) he reported an analysis of the
effects of a one-year application of his "plain talk" principles to USAF
Air Materiel Command publications. Again, using the Flesch formula to
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check the readability of his_simplified publications,'England foundaub-
stantial gains in reading ease and comprehension among users of the sim-
plified materials. He advocated their expanded use, but it would appear
that his campaign for "plain taik" had only a limited and somewhat tran-
sient -impact on the problem of too difficult job materials.

Training nersonnel were also becoming interested In the potential
application of popular readability metrics for improving.their instruc-
tional materials. Hegg and Weaver (1952) evaluated the reading diffi-
culty of training materials at Vance AFB using the Flesch formula and
found that the training literature sampled was written at a level far
above the reading ability of the middle two-thirds of the students who
had to use the materials. While they offered no suggestions for specific
ways to simplify the trailing materials, they did indicate that instead
of writing to a 12th- or nigher grade level, writing to about a 9th-grade
level would better match the reading capabilities of nost of the trainees.
Pearson (1953) reported on a readability improvement program for locally
produced training materials at Kea31a: AFB. This tiff12, the Dale-Chall
(1948) readability approach was used, and again the., Llea was to reduce
the difficulty of the training literature to a level nore appropriate for
the students. Milton (1953) suggested that technical writers sllould take
the initiative'in improving the readability of their materials by using
a variety of available techniques (such as those advocated by rch) for
making their writing less complex, more direct, and easier to read. The
emerging interest in measuring and improving readability oi Air Force
writing was officially recognized in 1956 with the pulilication of a Guide

Fotce WALti.ng (AFM 11-3). This manual gave instructions for cal-
culating the Fog Count readability measure developed by McElroy around
1953 and recommended the application of a variety of effective writing
principles, including those of Flesch and others, by Air Force personnel.
While this guide was a useful step, the mere issuance .of such a manual
could net resolve the overall literacy and technical writing problem.
For one thing, an increasing influx of lower ability personnel in the
early fifties had resulted in training problems of sufficient magnitude
to make literacy .a major concern.

The Air Force had always had some low ability personnel (mental Cat-
egory IV on the AFQT) and some effort had been directed toward reducing
their training problems through special programs to delete difficult read-
ing materials.from their curriculum and to provide extended course lengths
to give them more time in training (Horton, 1951). However, by 1952 the
problem had become more acute, and the Air Force undertook a comprehensive
series of studies of special training programs for limited aptitude airmen
with Marginal literacy skills. The first st-Ay in this series (Gregg,
Kieselbach, Murphy, Peckham, & Heller, 1955) attempted to determine the
effectiveness of covering the same material then in the standard 8-week
basic training course. (which included language arts) at a slower pace in
an expanded 14-week course using matthed groups of marginal airmen. The
two training programs differed only in the length of training time pro-
vided. The performance of the two groups was compared at the end of their
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programs on various measures; and no appreciable differences between them
were found. There was no difference in language arts (as measured by the
California Achievement Test) even though a major portion of the expanded
time in the 14-week course had been 7evoted to that area. It was con-
cluded that little gain could be excted for low ability airmen from just
extending the training period and ccvering the standard material at a
slower rate. A more extensive study was then undertaken which incorpor-
ated a larger sample of marginal airmen, two new experimental.curriculums,
and extensive field follow-up comparisons between the experimental low
ability groups and control groups of higher ability men.

The new study was known as "The Air Force 'Project 1000' Study".
The subjects were 1000 limited aptitude airmen. One-half of them received
basic training in an experimental six-week curriculum and the other half
in an experimental twelve-week curriculum. The two sample groups were
matched on age, race, marital status, and prior education. The two train-
ing programs differed primarily in thc inclusion of 45 hours of language
a7ts, and 45 hours of mathematics training in the longer course, and in
the expanding of instruction in military fundamentals from 18 hours in
the six-week course to 35 hours for the twelve-week course. Mastropaolo,
Carp, Erdmann, and Schmid (1954) reported the relative effectiveness of
the two training programs on a variety of criteria obtained at the end of
training and after six weeks of initial duty in the field. At the con-
clusion of training, the twelve-week group showed a small margin in
arithmetic skills over the six-week group, but none in reading skills or
language arts. When compared six weeks after assignment, no differences
were found between the two groups on measures of job proficiency, atti-
tude, or adjustment. A control group of "normal ability" airmen who had
undergone the standard training course that were working alongside the
low ability men were found to be superior on job performance ratings"and
achievement test scores, although somewhat inferior to the low ability
groups on attitude and adjustment variables. It was concluded that for
practical purposes, the longer course was not superior to the shorter one
for the low aptitude airmen.

An eight-month-after-assignment field follow-up study was also con-
ducted (Mastropaolo, Carp, 4 Erdmann, 1954) and the findings were generally
consistent with those of the first study showing that the two training pro-
grams had produced equivalent results in tcrms of on-the-job performance,
attitudes and adjustment. Again, control group was found to be higher
in job proficiency ratings and achievement test scores than the Project
1000 airmen. Thus, the results of the eight-month follow-up indicated
that the low aptitude men had not benefited from expanding their training
in terms of their job proficiency, retainability, or conformity to other
Air Force standards of per±ormance and discipline. It also appeared that
those marginally literate men who had received additional training in
language arts and matbeatics during the longer course were not appreciably
different in their skills, knowledges, and adjustment to the Air Force than
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t.-lose marginal airmen who had not had such additional !Jastruction. The
value cf includin,;'language "arts instruction during basic training
appeared questionable.

Shanley and Smith (1955) attempted an evaluation of the effective-ness of the language arts aspect of the basic training program for low
ability airmen (Category IV on the AFQT) to determine if the proceduresbeing used for remedial training in reading, writing, and spelling werehaving the desired impact. Three groups of 140 marginal airmen each
underwent one of the following train:,ag programs: (1) 45 hours in lan-guage arts with military subject matter as the vehicle, (2) training inthe same military subject matter but with no training in language arts,
and (3) the regular non-remedial training. Scores of the groups on read-
ing comprehension and military subject matter tests at the end of train-ing indicated that the language arts program was effective in improvingthe comprehenson of written material. However, it was also noted thatthere was great variability in the degree of improvement across trainees,and that the previous studies had shoum basically negative results withan even more extensive literacy proLram. It was concluded that remedialliteracy training could only be expected to show some benetit for marginal
groups with a fairly wide range of abi1i, and that such programa mightprove most useful as criteria for separating those men with a mental
deficit from those with an educational deficit.

RESEARCH ON READABILITY, TECHNICAL MATERIALS,
AND LITERACY SKILLS FROM THE MID-FIFTIES THROUGH THE MID-SIXTIES

By 1954, the Air Force Personnel and Training Research Center (AFPTRC)had been established, and this organization had a large-scale and diverseR&D program well underway. As will be noted later, the extensive Air ForceR&D prograth on job Performance Aids (JPAs) originated within AFPTRC duringthis period. A series of studies different from those specific to JPAswas carried out during this period by Klare and his associates as a resultof the increasing interest in improving Air Force technical materials.This work involved an ext :'sive series of experiments and studies publishedfrom 1954 to 1959 investigating the relationship of a wide variety of com-munication, textual, and readability variables to the comprehension, learn-ing, and retention of technical materials.

In the initial report in this series, .Klare, Mabry, and Gustafsou
(1954) present the results of a number of experiments on the effects of
varying readability and level'of abstraction, use of personal words, and
underlining key words and phrases on the effectiveness of written technical.training materials. Effectiveness was assessed by measuring immediate anddelayed retention of the material, reading specd, interest value, and
accepta)ility" in terms of attitudes toward the material. Increasing

readability (as measured by the Dale-Chall, 1948, and Flesch, 1968, form-
'ulas) was found to produce increased immediate retention_and_reading speedand the more readable materials were judged more interesting by the sub-jects. Use of personal rather than impersonal words did not appear toincrease the interest or acceptability of the material.
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Klare, Mabry, and Gustafson (1955a) described their attempt to relate
patterning (underlining) of technical materials to immediate retention,
amount read in a given period of time, and acceptability of the material.
Underlining important words resulted in more lines read and in higher re-
tention than either undetlining words which appeared on tests or no under-
lining, but the difference was not significant.. It was further noted that
patterning as used in this experiment appeared to have little impact on
either reading speed or acceptability. Klare, Mabry, and Gustafson (1955b)
further explored the question of holding content and style difficulty of
technical material constant to determine if increasing human interest in
such material would alter immediate retention, acceptability, and reading
speed. Two levels of human interest were used, varying in both percentage
of "personal words" and percentage of "personal sentences". The high level
scored 28 ("interesting") on the Flesch formula, and the low level scored
zero ("dull"). Results indicated that a high level of human interest of
the technical writing produced no significant difference in retention and
was consistently judged less acceptable. However, it did show a slight
tendency to produce a greater amount read in a given time as compared to
the low human interest level material.

Klare, Mabry, and Gustafson (1955c) further elaborated their findings
on attempts to relate style difficulty to immediate retention, teading
speed, and acceptability of technical training material. An easier.style
of writing (as measured by the standard formulas) was found to result in
greater and more complete immediate retention, a greater amount read in a
given time, and more acceptable reading material. This study also indi-
cated a greater importance of content than style in determining how well
material will be accepted by trainees. In addition, it showed a high re-
lationship between judgements of material as easier to read and more
pleasant to read. Another study in this series (Klare, Gustafson, Mabry,
& Shuford, 1955) was conducted to explore the relationships of immediate
retention test scores covering a technical training passage, selected
"career preferences" in the form of expressed interests, and certain air-
men aptitude indices. No significant relationship was found between car-.
eer preferences and retention test Scores, but a highly significant posi-
tive relationship was 'clearly indicated between aptitude scores and
retention.
7

Building on the earlier studies in the series, Klare, Shuford, and
Nichols (1957) examined the relationship between style difficulty of tech-
nical passages, practice in the form of additional readings, and aptitude
to both reading efficiency and retention. Results indicated that an easy
style produced significantly higher reading efficiency and retention, and
that additional practice increased words read per second, recall, and word
recognition. Higher ability airmen read more efficiently and with better
retention than lower ability men. In another study in the series, Klare,
Nichols, and Shuford (1957) assessed the effects of three types of typo-
graphic arrangeMents and long and shcA "thought units" on reading effi-
ciency, acceptability, and immediate retention of technical material.
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i
Results suggested that a square-span and a spaced-unit arrangement might

dip

possess s me advantages over-a standard sentence arrangement. The new
arrangem nts were found to be less acceptable to the trainees than the
standardisentence forMat, but this feeling was less when the "thought
units" in the new arrangements were snail rathet than large.

I

Klare, Shuford, and Nichols (1958) reported a study of the relation
iof for'

-
n ation tb learning technical material. The use of heads-r oraani-

and side heads in a text was tried as a learning aid, and the effect of
changes/ in levels of organization of the material on its acceptability
to trainees was also. assessed. No significant.increase in reading speed
was fo4nd for higher levels of organization over lower levels, but train-
ees significantly favored the higher levels in tetms of acceptability of
material. Scores on an immediate retention test also appeared Co favor
higher levels of organization. Thus, this study did demonstrate an in-

,

crease in reader acceptance for more highly organized as compared with
less, organized material. The question of whether the addition of head-
ings increases immediate retention and comprehension was unresolved,:_but
this study provided at least a qualified positive answer. In a study're-
lated to the previously described series, Stolurow and Newman (1959)
attiempted to isolate patterns of relatienships among previously identi-
fi,d stylistic features of printed material in order to obtain a smaller
nu ber of more fundamental variables for tesearch use. Gray and Leary's
( 935) intereorrelation matrix was reduced from 44 to 23 variables and
f ctor-analyzed.p After rotation, two factors tentatiV4ly described as
easy versus difAcult words and difficult versus easy sentences were found

,
to account for approximately 50% of The variance, and the faCtor analysis
irovided useful new insight into the relative importance of these and
/other factors for readability measurement.

Finally, we shall consider an AFPTRC study not.related to'the previous
series, in which Rubenstein and Aborn (1958) examined the interrelationship
between learning, word-prediction, and readability. Correlations computed
between amount learned, the nUmber of correct predictions per word, and
Flesch and Dale-Chall readability-scores indicated the following relation-
ships: Learning, prediction of words, and readability wete closely inter-
related; prediction and readability correlated about equally well with
learning; the Dale-Chall formula correlated more closelY with learning
than the Flesch formula; and, deSpite the differences between the tWo read-
ability formulas, they were found to correlate very highly with each other,
which supported the findings of other researchers suggesting that the two
formulas measured substantially the same things.

All of these studies of,various aspects of readability and technical
materials through the late fifties contributed.to the beginnings of an
Air Force technology base in the technical writing area which later effotts
would build upon. Also during this period and into the mid-sixties, per-
sonnel researchers were actively engaged in studies and analyses of ability
and educational requirements, personnel skills-an& chara7teristics, and
other matters relating to low literacy and low aptitude airmen which the
Air Force still had in limited numbers.
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MicReynolds (1958) noted -that the quality of career enlisted person-

nel was up during the 1957-58 period, and that the rapidly increasing

complexity of Air Force weapon systems would require additional high

aptitude career personnel in coming years. Airmen in later enlistments

were found to be typically higher in aptitude than first term airmen,

and the need for continuing numbers of high ability personnel to gan

the highly technical career fields was noted. Flyer (1959) found that

low educational level was the best single predictor of unsuitability dis-

charge, and Judy (1960) examined educational requirements for various

specialties and found that high school graduation was correspondingly

the best single predictor of success in Air Force technical schools.

Gordon and Bottenberg (1962) subsequently confirmed that of the variety

of individual predictors of Air Force success, the amount of education

attained was the most valid, further justifying the Air Force in limit-

ing recruitment to high school graduates.

Lecznar (1962) traced the aptitude data on Air Force enlistees from
1956 through 1961, and reported that there had been a consistent upward
trend in the overall aptitude level of enlisted accessions during that
period. The data suggested that the selective recruiting program insti-
tuted in 1958 had in fact upgraded the aptitude quality of Air Force en-
listees as compared with the previous enlistment base. It was further
noted that, to the extent possible, the Air ForEe stood to gain qualita-
tively by enlisting only high school graduates. However,-even during this
pericd, it had not been possible to completely exclude all law, aptitude
enlistees, and duirng 1961 alone over 2,000 entered the Air Force.

Gordon and Flyer (1962) examined the performance characteristics of
a group of over 11,000 low aptitude airmen who entered the Air Force dur-
ing the first six months of 1956 and who had either successfully completed
their four-year enlistment or had been discharged for unsuitability or non-
advancement. The objective of the study was to devise a brief screening
battery that could be used to predict the success of such low ability re-
cruits in their first enlistment, since it was recognized that the Air
Force would continue to be-faced with the periodic necessity of lowering
its enlistment standards to meet its ever changing manpower quotas. It
was found that a brief composite of aptitude tests and preservice educa-
tional level differentiated the successes from the failures quite well.
It was also pointed out that the data supported a general policy of cur-
tailing enlistment of low aptitude men, since almost 50% of them could not
be expected co perform effectively over a four-year enlistment (a failure
rate about twice that experienced for higher aptitude enlistees).

Later, McReynolds (1964) conducted a similar study of failure in basic
training and found the rate of elimination for high school graduates to be
only about one-fourth of that for nongraduates. Again, it was suggested
that some additional screening should be employed to predict the potential
success of nongraduates when Air Force quotas could not be met by enlist-
ment of recruits who had finished high school. Vitola, Valentine, and
Tupes (1967) conducted a new analysis summarizing the trends in aptitude
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and educational data for Air Force enlistees, this tiMe covering the
period from 1962 through 1965. They found an overall upward trend in
aptitude and educational levels of airmen accessions during thia period,
similar to that previously reported in Lecznar's analysis of the 1956
through 1961 accessions data. There were-alsO expected indications of
positive relationships between education level and measured aptitude, and
between region of enlistment and aptitude. High school nongraduates were
again found to have lower average aptitudes thanenlistees who had Com-
pleted high school or high sdhool plus some college.

From these personnel studies carried out through the mid-sixties, it
is apparent that.the Air Force was basically folloWing a policy of selec-
tively recruiting its way out of the literacy problem by taking in only
limited numbers of low ability personnel, and stressing the sustained
.enlistment of high school graduates. However, as will be mentioned later
in this historical summary, the situation was about to change with the
advent of Project 100,000 in 1966, and this change would bring about a
renewed interest in literacy and technical writing problems within the
Air Force research program on Job Performance Aids which has spanned the
period from the middle 1950s to the present time, and which has comprised
a major portion of the Air Force effort in the technical writing and use-
ability of materials areas over the years.

RESEARCH & DEVELOPMENT ON JOB PERFORMANCE AIDS & RELATED TOPICS

The Air Force R&D program on job Performance Aids (JPAs) originated
in the middle fifties within AFPTRC, and it has been actively pursued
ever since by a number of subsequent research organizations. Even with
rhe various fluctuations in funding and available resources.that have
occurred over the years, the total scope of the program has-been so ex-
tensive that the area can only be.highlighted here. However, major as-
pects of the JPA effort have dealt with matters directly relevant.to Air
Force.literacy and technical writing problems, and much of the initial
interest in inforMational jPAs grew out of early concerns in areas related
to the redesign of manuals, checklists, and other written job materials to
improve their useability and intelligibility'. You will recall that by the
mid7fifties, there was an increasing Air Force awareness that many train-
ing and job materials were poorly designed and unnecessarily difficult.
Thisproblem was of particular concern in'the maintenance area, where tech--
nical orders and procedural manuals were critical to successful job per-
formance and proper repair and troubleshooting of comPlex equipment. The
JPA concept was conceived as a potential solution to the problem. Essen-
tially, JPAs were defined as special items or devices designed to-enhance
or guide on-the-job performance. These included a variety of instructional
manuals, proceduralized checklists, detailed diagrams, or.other information
storage devices and materials which could be provided to the technician to
maximize his capability to retrieve and use needed job information in the
exact sequence required.
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Berkshire (1954) developed and evaluated an early.set of simplified
troubleshooting materials for radar mechanics. These materials included
a set of.color-coded schematics of the equipment, along with detailed
written troubleshooting instructions. Tryouts of the materials demon-
strated that use of the troubleshooting aid produced considerable time'
savings and greatly reduced errors made by both experienced and inexperi-
enced technicians. Subsequent work resulted in a series of reports pro-
viding guidelines for the Improved preRaration of maintenance information,
job instructions, checklists, drawings;-and diagrams (Folley & Altman,
1956) and maintenance manuals and handbooks (Miller, 1956 and Newman,
l957a, b).

By,1958,. a substantial amount of work had been accomplished, includ-
ing development of improved task analysis techniques for designing per-
formance aids (Wulff & Newman, 1956; Gunn, 1956; and Emeson & Wulff, 1957),
research on the design of troubleshooting guides (Hoehn & Saltz, 1956;
Hoehn & Wardell, 1957; and Hoehn & Aukes, 1958), and a study of audio JPAs
(Lumsdaine & Hoehn, 1958). Hoehn and Lumsdaine (1958) sUmmarized the work
done by AFPTRC on job aids up to 1958, including the concepts that had
been developed concerning the role of handbooks, films, and other forms
of aids in enhancing.job performance and the techniques developed for
systematically planning, preparing, and testing integrated job aids,
taining materials, and troubleshooting guides.

With the closing down of AFPTRC early in 1958, responsibility for
the JPA work was moved to the training and engineering psychology research
activities at Wright-Patterson AFB, and the continuity of the program was
maintained in spite of a variety of organizational changes that occurred
there through the late fifties. Effectiveness and useability of check-
lists (Rees & Kama, 1959) and technical manuals (Ross, D.A., 1959) were
further evaluated,.and research on improving the design and formatting of
job guides and maintenance checklists was continued (Rees & Copeland, 1959
and Rees,-1959). By the early sixties a systematic JPA R&D program was
again underway.

Folley (1961a) described the potential contribution of performance
aids to improving system effectiveness and outlined a variety of research
problems associated with integrating' the design of such.aids into the sys-
tem development process. Folley and Munger (1961) reviewed the literature
on the design of informational JPAs and noted that most of the prior work
had involved development and tryout of various sample aids, as well as
research on design and use of procedural aids for improving., maintenance
troubleshooting performance. Folley .(1961b) presented a systematic pro-
cedure for developing performance aids which incorporated four key steps:
identification of the task elements the aid should address, determination
of required functional characteristics of the aid for each task element,
specification of the physical design of the aid-to perform the required
functions, and evaluation for modifying or updating the aid as necessary.
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The procedure was successfully apPlied to development of a set of aids
for a missile system (Folley&-Shettel, 1962) and was refined by further
work through the mid-sixtieS-.

During this period/and on through the late sixties, research on the
development,4nd-effe6"tiveness of JPAs was pursued in order to expand the
data base on their potential application and payoff to the Air Force.
Elliott (1965) studied the effects of varying the format and level.of
detail of performance aids on a troubleshooting task and found that per-
formance was generally better with a block diagram format than a list
structure format, and that speed of task accomplishment was increased by
use of_a lower level of detail. Other studies demonstrated that proced-
uralized troubleshooting could produce acceptable or better performance
on complex maintenance tasks than standard approaches, while also per-
mitting time and training savings (Elliott, 1967): Folley and Elliott
(1967) conducted a field surVey of electronic maintenance technical data
and concluded that the performance aid requirements of electronic tech-
niques were not being adequately met, even though a Varicty of proven
performance aid techniques and concepts were then available. A series
of studies undertaken to provide an experimental comparison between pro-
ceduralized and conventional electronic troubleshooting (Elliott & Joyce,
1968) further demonstrated that the use of the proceduralized performance
aid approach produced substantial savings in training time with no appar-
ent decrement in task performance.

By the 1970s, the JPA approach had been Sufficiently demonstrated
that increased effort could be devoted to its dissemination and applica-
tion, and various guidelines.and handbooks on design and use of fully
proceduralized JPAs were produced. These included the following: spe-
cifications for preparation of fully proceduralized JPAs (Chenzoff, Mal-
lory, & Joyce, 1971; Folley, Joyce, Mallory, & Thomas, 1971a; and Joyce,
Chenzoff, Mulligan, & Mallory, 1973a); handbooks for development of JPAs
(Folley, Jbyce, Mallory, & Thomas, 1971b; Foley, 1972; and Joyce, Chenz-
off, Mulligan, & Mallory, 1973b); and handbooks for managing the procure-
ment of JPAs in accordance with the specifications (Joyce, Folley, &
Elliott, 1971 and Joyce, Chenzoff, Mulligan, & Mallory, 1973c). The jPA
R&D program has continued through the present time and recent studies have
attempted to develop improved JPA formats (Joyce & Chenzoff", 1974) and to
demonstrate,expanded applications of the JPA concept .(Mullen & Joyce,
1974). Current efforts involve the development and evaluation of inte-
grated.sets of fully proceduralized JPAs for entire systems, such as the
UH1H Helicopter and the C141 aircraft (Shriver & Foley, 1975; Foley,
1975a, b; and Shriver, 1975).

The techniques and concepts that have emerged from the JPA R&D pro- i

gram have had a positive impact on literacy and technical writing prob-
lems in the Air Force, and present programs tc improve Technical Orders

t

(T0s) and maintenance publicatidds are applying principles growing out of
JPA research. Also, the JPA approach appears to have produced a. viable
alternative for reducing the literacy demands of manuals and job materialS
which shbuld see increasing application in the future.
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OTHER RESEARCH ON READING AND READABILITY

A number of Air Force studies of reading and readability have occurred
over the years that were conducted outside the ongoing research programs'
of the primary personnel, training, and human resources R&D organizations.
One'of the most significant among these was Taylor's (1957) development
aad validation of the "cloze" technique for measuring readability, which
has seen widespread application in a variety of settings both within and
outside the Air Force. Also notable has been the work of Davis at the
Air Force Institute of Technology (AFIT) on the influence of a variety of
textual, content, format, and personal variables on the effectiveness of
technical communication via written materials (Davis, 1965, 1966, 1974a,
b, c) and an AFIT thesis analyzing the relationship between readability
of Air Force procedural manuals, literacy gaps, and frequency of discrep-
ancies involving actual noncompliance with procedures on the job (Johnson,
Relova, & Stafford, 1972).

RECENT RESEARCH ON LITERACY AND READABILITY

From the mid-sixties to the present time, the Air Force has maintained
a very active R&D program in the literacy and readability area that has
been-carried on by-both train!ng and personnel researchers. A bit of back-
ground may help to place this recent research.into some perspective. You
will recall that from the.mid-fifties through the mid-sixties the Air
Force had been pursuing a selective enlistment program which had allowed
recruitme-t on the basis of both aptitude and educational level and which
had kept the overall quality of accessions fairly high. While limited
numbers of low ability men had been enlisted throughout this period, they
had not entered in sufficient numbers to present a major literacy problem.
However,,in 1966 the situation was radically altered with the initiation
of Project 100,000 by the Department of Defense, and this brought inereas-
ing numbers of low ability personnel into the Air Force and other Services.
The objectives of the program required that certain quotas of marginal
personnel be accepted and further specificd that these personnel be given
the opportunity to enter a wide variety of career areas and job specialties
that had not previously.been open to dhem. Thus, Project 100,000 resulted
in a rapid increase in input of men with marginal literacy and aptitude
skills, and the Air Force was faced with the necessity of considering a
variety of measures to adjust training and job demands to accommodate them.
As a result, increased interest in research on literacy and readability
problems emerged as a major concern.

Two problems became immediately apparent. First, there was little
data on the reading abilities of Air Force personnel across career'fields,
and large'scale reading testing on a long-term' basis would prove costly
for making assessments of the scope of the Air' Force's emerging literacy.
prOblem. Furthermore, it would be difficult to do much about the problem
of adjusting reading demands without some indication of the.reading abil-
ities of personnel, Which could be used for recommending appropriate
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readability levels for materialS. Second, it would be similarly diffi-.
cult.to check the readability of the large amounts of written training
and job materials produced by the Air Force without some automated al-
ternative,to the hand-calculated metrics that had been in use since the
early fifties. Research had been initiated prior to the advent of
Project 100,000 that provided timely answers to these problems.

Madden and Tupes (1966) had already developed conversion tables for
estimating reading achievement from the AQE General Aptitude Index in
terms of reading grade level as measured by the California Achievement
Test and scaled score as measured by the Davis Reading Test. They had
also pl-ovided distributions of estimated reading grade level for non-
prior-service airmen and for airmen in 29 Air Force career fields. The
conversion procedure for estimating reading ability has been in use ever
since, and the career field data served as the standard source of target
levels for readability of Air Force materials for almost a decade.

Also by 1966, an Automated Readability Index (ABI) had been devel-
oped (Smith & Senter, 1967 and Smith & Kincaid, 1970). The ARI provided
an easy, automated method of collecting the data required to estimate
readability of textual material by mechanical tabulation of-word and sen-
tence length as the material was typed on a standard typewriter. Insert-
ing these data into a simple formula provided an,index of the reading
difficulty of the material. The feasibility of using, the.ARI to assess
the comprehensibility of Air Force technical orders was subsequently.
demonstrated. (Kincaid, Yasutake, & Geiselhart, 1967) and the ARI has been
periodically used for that purpose and various other applications up to
the present time.

In 1968, the Air Force Human Resources Laboratory (AFHRL) was estab-
lished, and the Technical Training Division of the Laboratory was given
prime responsibility for Air Force reading, literacy, and readability
research. The Division has been actively pursuing work in these areas
since its establishment in 1969. From its inception, this R&D program
has been planned and carried out with a long-term view toward, research-
ing the literacy problem systematically; that'is, to have the research
address major aspects of the problem from both a men and a materials
standpoint.

Initial effort was placed on researching techniques for improving
materials and readability. Sellman (1970, 1972) evaluated a modified
career development course (CDC), format to determine if reducing the read-
ing difficulty of the material; including more illustrations, and provid-
ing audio supplementation of the text would.improve the CDC as a training
device fOr lower ability airmen. The simplified materials with audio
supplementation produced significanity better learning scores for high,
middle, and low aptitude groups, with'the greatest gains obtained by the
lower ability trainees. At about this same time, Huff and Smith (1970)
compared the reliability of the Fog Count with that of the Automated
Readability Index (ARI) and established ARI baseline data on a sample of
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Air Force CDCs. The Fog Count, then the accepted Air Force readability
measure, was found to be veTy unreliable with coefficients ranging fromonly .49 to .56. Reliability coefficients for the ARI, on the other
hand, ranged from .98 to .99+, and it was concluded that the ARI offered
an extremely reliable tool for assessing the relative readability ofmaterials. It was also pointed out that the ease and rapidity withwhich required readability data could be collected was another advantageOf the ARI, and a set of instructions for its use was provided.

Additional emphasis'was then placed on readability research. An ex-tensive study of available readability measures was undertaken (Williams,
Siegel, & Burkett, 1974) and a report was prepared summarizing a variety
of techniques for use in evaluating and improving readability of materi-als (Siegel, Federman, & Burkett, 1974). This work served as the foun-
dation for a subsequent series of efforts, still underway, to develop
improved measures of textual comprehensibility based upon analysis ,ofkey cognitive and psycholinguistic factors that contribute to difficulty
of written materials (Siegel, Lambert, & Burkett, 1974 and Siegel &.Bur-kett, 1974). Eight cognitive/intellective factors and six psycholinguis-
tic factors were identified that could serve as the basis for a newapproach to measuring comprehensibility. Measures of these factors were
derived and experimentally vaiidated, and current work is attempting to
further refine these metrics with a view toward ultimate development ofa !Jet of computerized comprehensibility measures.

-

The early interests in materials and readability also generated asomewhat different'line of research into ways of reducing reading de7
mends through use of specially designed-media, simplification of materi-
als,'and audio/visual techniques. A systematized audio/visual approachto self-paced job training called Automated Apprenticeship Training (AAT),which employed an easily operated portable sound/filmstrip teaching de-vice, was developed (Pieper, Catrow, Swezey, & Smith, 1973). The AATformat was specifically designed to reduce dependence on reading skills,
and it was shol.vn to be highly effective.for low aptitude trainees with-.
out penalizing the higher ability men going through the same trainingprogram. The AAT approach showed good potential as a means of reducing
the reading demands placed on marginal airmen, and its self-paced audio/visual features also produced substantial training time savings, with
performance equal to or better than con1;entional approaches. In another
attempt to systematically reduce reading demands, a series of experimentswas conducted to examine the effects of lowering the reading grade level
of textual material and providing tape recordings of the text for in-
creasing comprehensibility (Siegel, Lautman, & Burkett, 1974). Greatestbenefit was found for just reducing the reading grade level difficultyof the written.material, and this was more effective for self-study mate-rials than for resident course study guides. This study demonstrated thevalue of matching the difficulty of materials to the reading ability of
the men, but did not show any particular advantage for additional audio
supplementation of the material.
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By 1973, there was an increasing Air Force.indication that the read-
ing problems of some airmen:Were cauSing problems inhoth resident train-
ing and on-the-job training. Accordingly, studies of the reading abili-
ties of airmen and the scope of the reading training problem were Under-taken. Mockovak (1974a) surveyed Air Force reading improvement programs
and found that from 1.April 72 to 1 April 73, 5744 airmen participatedin such programs, with the most frequently cited problem§ involving in-abilIty rcad and pass CDCs. He also found that ten career fields
accounted for over 80% of the problem readers who had required the train-ing. These included Aircraft Accessory Maintenance (42XX%) 6.2%, Air- \craft Maintenance (43XXX) 18.7%, Mechanical/Electrical Trades (54XXX)
3.97., Structural/Pavements Trades (55= 8.0%, Transportation (60XXX)
11.2%, Food Service (62)OX).5.97., Fuel Services (63XXX) 5,17.., Supply
(4XNX) 8.3%, Administration (70XX() 12.7%, and Security Police (8 IINS)3.9%. In a. related study, Mockovak .(1974b) demonstrated a methodology
for determining the reading skills and requirements of Air Force career
fields, and for identifying areas where literacy gaps existed. Basically,the methodology involved conducting a readability analysis of a sample
of uhe reading ability of menin the career field using the Madden-Tupes
Conversion from aptitude scores procedure previously mentioned in thisreview. By computing differences between the readability of the materi-
als and the reading ability df the men, literacy gaps could be determined
and reading requirement levels derived.

At about this same time, the reading skills acquisition process was
l:amined through research on a developmental model of auding and reading
skills (Sticht, Beck, Hauke, Kleiman, & James, 1974). The model suggested
that r2ading was based upon and utilized the same cdnceptual base and lam-.
guagihg skills as were used in-auding (i.e., comprehending spoken language)
and that ability to comprehend by reading could be improved by improving
the conceptual base and language skill by means of auding. Implications
were also found for literacy diagnostic testing, in that it was.apparentthat some reading problems may really be the result of poor language
skills. .It wasothought that the latter might be indexed by Means of an
auding test. Then, differences between a reading and language skill,
indexed by:the auding test, might be useful in prescribing reading or
language training for individual airmen. A follow-on effort is now under-way to develop such tests.1

The'personnel and materials areas were later integrated into an
extensive effort designed to determine the reading requirements aCross
Air Force career fields and to identify problem areas where literacy gaps
existed. Mockovak '(1974c), using the methodology he had developed earlier,compiled reading and.reading requirement data for 56 career ladders and
reading ability target data for all 277 career ladders 'in the Air Force.

I
See the paper by Groff in these proceedings.
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Across the 56 ladders, average reading requirement level,(RRL) obtained
was 12.3 reading grade level, ranging from a low RRL of 10.6 for cooka
to a high RRL of 14.0 for telephone switching equipment.repairmen.
Average reading ability of personnel across all 277 ladders was 10.8,
but there was considerable variation between ladders, with Some ranging
as low as 8.5 and others as high as 14.5. However, meaningful tartt
levels for writers were obtained, and these are currently being )sec.; in
the preparation of Air Force training and job materials, repla,An,:T the
older Madden-Tupes data that had been in use since the mid-s:C.xties. An
average literacy gap of around two reading grade levels was aio found
for the ten problem career fields previously noted, suggesting that such
mismatches were, in fact, Contributing to the Air Force's reading problems.

Work is currently being condUcted on both readability of materials
and on reading skills of personnel. Improving readability is the goal
of present attempts to develop new textual comprehensibility measures
(Siegel.& Wolf, 1975). Reading skills of personael are being 'addressed
through development of literacy assessment tests for improved diagnosis
of individual reading and auding problems and by efforts to develop and
demonstrate prototype job-oriented reading training programs.

It is anticipated that future research in the AFHRL program.will
continue to follow a "systems approach". That is, it is felt that if
headway is to be made, systematic research on major aspects of the lit-
eracy problem from both a personnel and a materials viewpoint should be
pursued. In dealing with the personnel, research is anticipated to
address the problems of identifying better ways to measure their literacy
Skills and of developing training techuiques designed to upgrade their
reading skills in a job-meaningful manner. Similarly, in the materials
area,'major thrusts are anticipated to involve both research on measure-
ment of the comprehensibility and reading demands of job materials and
on development of improved methods for, preparing and modifying materials
and media to appropriately useable literacy levels.

CONCLUSION

The phase-out of Project 100,000 and recent increases in enlistment
standards have eased the literacy problem considerably, but recent staff
studies and research findings indicate that the'Air Force still has lit-
eracy and technical writing problems of sufficient magnitude to be of
some concern. Present indications are that the advent of an all-volunteer
force has neither resolved the problem nor made it particularly worse
.(Vitola, Mullins, & Brokaw, 1974) as some had originally supposed it might.
However, a major policy change or.mobilization such aS .those that have
occurred in the past could again rapidly intensify the problem. While the
prior R&D accomplished by the Air Force on literaCy, technical writing,
and related matters has provided a useful technology base and a variety
of useful applications in these areas, no panaceas to the problems have
been found. Gaps in our knowledge and techniques still'exist which should
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be addressed to,provide the fools required to deal with problems in these
areas, and fura. Air Force literacy and technical 'writing R&D will be
oriented toward these technology gaps and toward those specific priori
ties and requirements for applied research in these areas that emerge in
the years to come.
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COMMENTS ON THE PAPER BY BURKETT

John Guthrie

International Reading Association

Guthrie first reviewed the highlights'of Burkett's. paper, beginning
with Burkett'S statement that the basic problem which haS been the focal
point for much of the Air Force's literacy and readability research is a
literacy gap between the reading ability of personnel and the reading dif-
ficulty of materials. Burkett then reviewed work lin readability of mate-
rials and literacy training in the 1950s, pointing out that neither re- .

search on readability nor on literacy training had indicated major impact
on people's ability to perform their jobs. A second wave of studies con-
cernecipersonnel factors related to job performance and showed that high
school graduates had higher success ratea than don-high school.graduates,
leading the Air Force to'recruit high school graduates. Howevet, Project
100,000 produced an influx of lower aptitude personnel, and once again a
proliferatiOn of research on how to best train and utilize such personnel
occurred. This work.included the development of job performance aids to
reduce cognitive and literacy demands of jobs and job training programs.
Other work, including the current work, focuses on the one hand on how to
circumvent the person's literacY problem by reducing the reading demands

, of jobs.or improving the readability of material and on the other hand on
the assessment and improvement of the literacy skills of personnel-through
improved literacy training. In this regard, Guthrie considered the Air
Force's and other Armed Services' literacy problems. as analogous to that
faced by some developing countries. In such countries there is a literacy
gap: a mismatth between the capabilities of the people and the demands
Of a modern agricultural or technological society.. It is a goal of,under-
developed countries to develop their economic and social stature, and lit-
eracy training is viewed as a means to that end, rather than an end in it-
self. Thus, to achieve social stature there may be a need to increase
agricultural productivity. In order to increase agricultural productivity,
there is a need for farmers who can read instructions for neertilizers,
who can calculate the properties of mixtures, and who know enough to know
when and when not to apply the fertilizers. For instance, in one agricul-
tural country, cotton is a cash crop; therefore, a major literacy program
focuses on teaching people to read within the context of cotton growing.
Another teaches reading within the context of banana growing, and so on.

- Without overdrawing the parallel between the Armed Services and the devel-
oping countries, Guthrie suggested that in both cases there is a job to be
performed cotton growing or troubleshooting a radar set - as the
primary interest. Also, performance of the job requires job knowledge in'
addition to relevant tognitive skill's, such 4 reading; and motivation'to
perform the job. Thus, job performance requires job knowledge, reading,
and motivation. Hence, training programs may require the teaching of all
three of these factors in some integrated form.
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ONGOING RESEARCH AND DEVELOPMENT

IN LITERACY TRAINING

IN THE ARMED.SERVICES
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INTRODUCTION

Tho papers of the preceding section provide a perspective on past
R&D efforts on reading and on the ways in which literacy training has
been conducted within the Services. The present section summarizes the
current situation regarding literacy training and ongoing R&D projects to
understand and manage problems of literacy within the Services.

In his review of the Navy's ongoing program of literacy research,
Tom Duffy discusses two major efforts: those aimed at providing-a data
base to characterize the literacy problem in the Navy, and those which
examine the Navy's reading training programs and the-people in them. In -1
the first of these two efforts, the research investigated reading ability
and its relationship to personnel characteristics (education, race, and
scores on the ability tests given in the Navy Basic Battery Test).and to
the readability of Navy manuals. Related studies.looked at the relation-
ship between reading ability and two measures used in the Navy to measure
job effectiveness: attrition from recruit training and performance in "A"
School.

In presenting the second effort, Duffy describes three current Navy
and Marine Corps literacy training programs and then discusses the mean-
ing of student reading grade level gains in terms of entry selection,
racial and educational characteristics of the students, characteristics
of the programs, gains in civilian reading programs, and the criterion and
ultimate goals of literacy training programs. Finally., he briefly de-
scribes three exPerimental programs and research efforts to characterize
the successful student in the Navy program in San Diego.

The research and development program in the Army parallels that of
the Navy in that one phase has dealt with the nature of literacy problems
and a second phase has dealt with a literacy training program. John Caylor
summarizes the Army program, which consisted of (1) an earlier, primarily
research phase that sought to define the literacy problem in terms of
actual job functional literacy demands, and (2) a later, primarily devel-
opmental phase that produced a job functional literacy training program
aimed at meeting those demands.

The literacy problem has two sides, as Burkett has stated in his
historical'rewiew of Air Force R&D. The Army program has also looked at
both sides of that problem. To determine the job functional reading re-
quirements of selected Army jobs, the research studied the relationship
of general reading ability to measures of job proficiency, estimates of
the readability of Army manuals in the selected job areas, and performance
on job reading task tests. These three measures were in general agreement
with each other. The reading ability of Army personnel in Mental Categories
III and IV was assessed directly by a standardized reading test. A correla-
tion study showed that reading ability could also be assessed indirectly
from AFQT scores. The results of the research phase showed that the read-
ing demands of Army jobs far exceeded the reading ability of many Army
personnel.

1 1 1
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The information on the nalure of the literacy problem was used to
develop a functional literacy program (FLIT).which provides job reading
training using the catent and reading materials of the student's job area.
One segment of the program stresses the application of the student's ex-
isting general reading skills to specific kinds of job reading tasks, using
actual job reading mkterials. Another segment uses specially prepared job-
priented reading pas!sages and exercises to improve basic reading skills.
This program was imPlemented at all of the.ArmY-Training Centers.

Steve Groff opLs his survey of ongoing:literacy research and devel-
opment in the Air FOrce by looking at the current Air Force literacy train-
ing. During basic military training, reading training is provided in Read-
ing Proficiency Units, which offer general literacy,training. After assign-
ment to a permanent duty station, reading training may also be obtained
through thelpase education office. These reading programs vary greatly.
The high numbers of people enrolled in literacy training and the results
of studies which have found a literacy gap between the estimates of job
reading demands and the reading ability of the personnel in.those jobs all
point to a definite literacy problem in the Air Force, desPite-high enlist-
ment standards.

Current Air Force R&D involves two major efforts. The first of these
is the development of a Literacy Assessment Battery whiCh can be used to
identify.people who would most likely benefit,from further literacy train-
ing. The Battery yields an indication of the discrepancy, if any, between
the person's auding (oracy) and reading (literacy) skills. The person
whose oracy skills exceed his literacy skills is the most likely candidate
for literacy training. Such a person has a greater command of language
skills than hiS reading score alone would suggest, and literacy training
could bring his literacy skills up to the level of his otacy skills. The
second ongoing effort is a prototype job-oriented reading program for the
Air Force. This program is based on the approach used in the Army.FLIT.'
program, but it focuses on the higher level comprehension skills.

Groff points out that no one literacy program,meets all literacy needs
,for all people. A total career education program would include literacy
training, not as a one-time shot, but available throughout an airman's car-'
eer, in different forms for different needs. Such a program could include
the Reading Proficiency Unit training to improve basic reading skills, the
job-orientea reading program to improve conceptual behavior in a job con-
text, and general reading/GED programs to provide access to higher levels
of skill.
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LITERACY RESEARCH IN THE NAVY

Thomas M. Duffy

Navy Personnel Research and Development Center

Literacy research in the Navy today has had two major objectives.
First, there have been efforts to characterize the literacy "problem" in
the Navy and thereby provide a data basE for evaluating alternative ap-
proaches to insuring that a literaCy deficl_ at any level does not hamper
the effectiveness of dne service. The second major line of research has
focused on the Navy's current approach to deficient literacy skills
reading training programs for personnel with marginal reading ability.
Each of these avenues of research are discussed below.

CHARACTERIZING THE LITERACY PROBLEM IN THE NAVY.

In thisi-esearch, a group of us at NPRDC haVe initiated efforts to
characterize the reading skills of p(!rsonnel and examine basic demograph-
ic data on reading and its relationship to other abilities and background
characteristics. This research has also involved an examination of the
relationship of reading skill to job performance.

Interrelationships Among Reading
and'Other Personnel Chatfacteristics

In a joint effort with the Naval Training Center and Recruit Train-
ing Command in San Dj_ego, we have now collected reading and other ability
and background data, as well as performance data, on some 25,000 recruits
and 1500 men receiving occupational ("A" School) training.

For both the recruit and A School samples, we obtaLned all of the
test and background data collected as a normal part of processing into.
the service. These data include the following test scores and background
information:

1. General Classification Test (GCT) A test of general
ability involving verbal analogy and sentence completion
items.

2. ArithmetiC Reasoning Test (ART) A test of mathematical
ability involving,word problems.

3. Mechanical Ability (MEM) A low-verbal test of knowl-
edge of mechanical principles.

4. Clerical Test (CLER) A speeded digit search test re-
quiring no verbal skill.

5. Electronics Test (ETST) A verbal test of electronics
aptitude.
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6. Shop Practices Tesx (SHOP) A test of knowledge re-
quiring the matching of a picture of a tool to verbal
descriptions of uses.

7. Armed Forces Qualification Test (AFQT) A score de-
rived from the GCT, ARI, NECH,'& CLER by their regression
on the former AFQT test of general ability which was ad-
ministered throughout the Armed Forces.

8. Years of Education Self reported.

9. Race This data was obtained only for the recruit
sample.

In addition to the routine personnel data, all of the A School sample
and 1,294 recruits were also tested on the Navy Pattern Matching (PM) test
pf nonverbal ability. The PM was derived from the Raven's Standard Pro-
gressive Matrices Test (Raven, 1958) which is considered by some to be a
culture-free test of nonverbal intellectual ability (Jensen, 1972; Carver,
1973d; Spearman, 1946).

Recruits' reading grade level scores were obtained using the vocabu-
lary and comprehension subtests of the Gates-MacGinitie Reading Test,
Survey D (Gates & NncGinitie, 1965). The A school personnel were tested
using the vocabulary and comprehension subtests of the Nelson-Denny Read-
ing Test (Nelson & Denny, 1960).

Reading Levels

Figure 1 presents the distribution of reading levels in the recruit
sample. The skewness of the distribution reflects the limitation of the
Gates-MacGinitie test (which has a maximum score of 12.0 RGL) for this
sample.

The median RGL is 10.7, which is generally reflective of the educa-
tion level in our sample, in which 70.9% left school after either the llth
or 12th grade. However, the distribution of scores indicates that 18% of
our sample has less than an 8th-grade reading'skill. In order to get some'
idea of the implications of these reading scores, we did a readability
analysis of those manuals and 'tests which most recruits are expected to
read. The materials were analyzed using the FORCAST readability formula
(Caylor, Sticht, Fox, & Ford, 1973). The materials assessed and their
reading difficulty were as follows: the Bluejackets' Manual (11.5 RGL),
which is the basic manual in boot camp; the Airman (10.5), Fireman (10.2),
and Seaman (10.2) rate training manuals used during and right after com-
pleting boot camp; and the general classification test (10.8 RGL) and
arithmetic reasoning inventory (9.0 RGL) which are administered in the
process of classifying recruits.
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A comparison of the reasling and readability levels indicates that
40% to 50% of the recruits have a reading ability less than that demanded
by their job reading material. While the effects of this apparent "lit-
eracy gap" on comprehension and performance is uncertain, it sEems likely
that the 1.8% of recruits (a projected 1800 men for FY 1974) who read be-
low the 4th-grade level will have great difficulty, if not total impossi-
bility, in comprehending these job reading materials. Further, in our
recruit sample, 18%, or a projected 15,800 men, entered the Navy during
FY 1974 with reading skills below the 8th-grade level. These men may be
expected to comprehend most Navy material if they can reread the material
and are assisted by other personnel. However, the efficiency of their
job performance will most likely be impaired and of a marginally accept-
able level. If, in an emergency when time is limited; these men are re-
quired to act in any way, that requires the use, of printed material, they
may well prove a hazard to effective Navy operations.

The Nelson-Denny Reading Test was used in assessing the A School
sample, since it provides norms for higher levels of reading ability.
However, because of the change in reading tests, the recruit and A School .

data cannot be directly compared. Within the A School sample, the mean
and median RGLs were 11.1 and 11.2 respectively. Evun though the A School
personnel are selected on the basis of-ability, we find that 9.6% of the
sample had reading Skills below the 8th-grade level. Table I presents a
more detailed examination of the reading levels in each of six A "chools,
as well as an indication of the reading requirements (readability of
materials) in those schools.

The readability score indicated in Table 1 is for the rate training
manual which is studied for advancement to the 3rd and 2nd class rates.
The manual is used in the A School Classroom and. the rate exam is typic-
ally taken within three months of:completing the school. The data in
Table 1 indicate that for all but thr. Ship's Serviceman, the mean reading
ability of the men approximates and in some cases exceeds the mean read-
ing.difficulty of the manual. However, in three of the six sClools, a
significant proportion of the men are low ability readers and may be ex-
pected to face reading difficulties. Even in'those ratings where the
proportion of low ability readers is small, the actual number of men,
several hundreds-per rating based on FY 1974 manning figures, is con-.
sidarable.

All of our assessment data indicate that the options available in
approaching literacy deficits in the Navy will affect significant.numbers
of personnel. For example, if a 5.5 RGL, the current reading level deemed
necessary in the Navy, were required for admission *Into the service, 9%
or 7,800 of the FY 1974 recruit population would have been rejected.
,Eighteen percent of the recruits or 15,800 annually would be eligible
for a literacy program expanded to an 8.0 RGL terminal criterion, a cri-
tetion which only approaches the iniEial reading demands in the service.
The same number of men would be affected by the implementation of limited
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TABLE 1. READING GRADe LEVELS (RGL) OF MEN & READING GRADE
LEVEL REQUIREMENTS FOR MANUALS IN EACH OF SIX
NAVY OCCUPATIONAL TRAINING "A" SCHOOLS.

SCHOOL RGL

MEN MANUALS

7 RGL**

HULL MAINTENANCE TECHNICIAN 10.2 19.1% 10.7

SHIP'S SERVICEMAN 10.4 18.1% 12.9

MESS SPECIALIST 10.6 12.0% 10.2

QUARTERMASTER . 11.7 2.9% 10.9

INTERIOR COMMUNICATIONS 11.9 5.1% 12.6

ELECTRICIMS MATE i 12.0 2.3% 12.7

;

*RGL for men is Iased on Nelson-Denny reading test perform-
'ance. Mean RGL is presented; means and fredians were .

comparable in e4ich school.

**Readability sco
based orijthe ap
normed on Navy

es are taken from Biersner (1975) and are
lication of the Flesch.Reading Ease formula
en and manuals (Kincaid, et al., 1975):

11.7
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duty assignments for below-8th-grade readers. The costs involved aAe
the number of men affected by implementation of any of these options
demands that the options be carefully considered.

Our findings with regard to literacy skill levels in the Navy indi-
cate that one or more of the above options must be implemented to assure
effective performance levels in the service. These options, however,
must necessarily focus on the very low literate man in.order to be man-
ageable and within reasonable cost figures: The distribution of reading
skills in the A Schools suggests an additional option which would address
personnel with less severe literacy deficits. This option involves a
literacy training program for personnel deficient in reading skills, but
otherwise qualified for A School. The program would have as a c&ite/Lion,
the aai.E.cIty derands o6 each 4choot and woad pkovide 4unctionae. /Leading
tAaining preparatory to, or in conjunction with, school training. The
major benefit of this program is that it would provide the opportunity
of upward mobility and career flexibility for men who, while eligible for
A School training, are likely to perform at a marginal level. Addition-
ally, the program would involve fewer personnel.and hence, would e more
manageable than a broad-based literacy program. HumRRO, under contract
to the Center, is currently evaluating the cost-effectivenesS and man-
agement consideratons involved in this and other literacy training
options.

Education. It is frequently asserted that the current move toward
accepting only high school graduates will greatly reduce or eliminate the
marginally literate personnel, and hence, there will be no need for Navy
commitment to literacy training. Our data indicate, to the contrary,
that a high school diploma bears little relationship to reading skills.

'The median reading levels for our high.school and non-high school gradu-
ates differ by less than one RGL (the medians are 10.9 and 10.2 respec-
tively). Figure 2 presents the distribution of reading grade levels.
While proportionately fewer high.school graduates fall below-an 8th-grade
RGL, this prOportion (16.9%) nonetheless indicates that the selection of
only high school graduates would still produce a significant number of
marginally skilled individuals.

.Further,analysis on a sample of 19,000 recruits indicates that years
of educaticn, ranging from 8th to 6th grade, correlates only 0.13 with
reading ability. Of all of the test and background information for which
we ha-ie data, years of education shows the least relationship to reading.
.This finding may be contrasted with previous research which has found
years of education to be the most valid predicto of attrition from the
service (Plag & Hardacore, 1964) and delinquency (Gunderson & Ballard,
undated). One might conclude from these data that a high schOol diploma
indicates a person's willingness to conform to the rules of society rather
than his ability. However, a more likely explanation is that over recent

. years the predictive power of years of education has been reduced due to
the increasing porpOrtion of high school graduates entering the Navy. J

, Evidence for this hypothesis comes from the additional finding in our
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analyses-that-.years of education is no longer a strong predictor of
attrition. The reduced variance.in years of education is indicated by
the fact that 77% of our sample completed 11 to 13 years of education.
Even though the lack of a significant correlation between education and
reading likely rests ia the restricted variance in education, it.is an
interesting reflection on our educational system that the difference in
reading level between high school graduates and nongraduates is minor.
Clearly, the data in Figure 2 indicate that a move toward accepting only
high school graduates will have little effect on reading skills in the
Navy.

Race. Figure 3 presents the distribution-of.reading scores for each
of the three major race categories at the San Diego Recruit Training
Center (RTC). Approximately 1-1/2 RGLs separate the median scores of the

with Caucasians having the highest median (11.0) and Malaysians
lowest (7'.6). The'same ranking of races is obtained when One com-

I:afes the proportion of men reading below the 8th-grade level. However,
in terms of absolute numbers, the men with lower reading skills at the
San Diego RTC are primarily Caucasians and Malaysians.

The race data suggest a major cause of many of the reading problems
for men at the San Diego RTC. The Malaysians, while representing only
8.6% of the recruit population, constitute 28.0% of the population of
below-8th-grade readers. The Malaysians also constitute a group in which
English is a second language for most men. Although English is taught
beginning.in the first grade.in these countries, its use is restricted
almost entirely to the school and is limited to "formal English". Thus,
a deficiency in functional reading 'skills may be expected.i.

The relationship between reading skill and racial category indicates
that any policy of selection.or classification on the basis of reading
skills would have definite effects on the racial distribution in the Navy:
The data also indicate that any reading training program will have to hae
the capability of dealing With skill deficiencies characterizing personnel
with English as a second language, as well as personnel with English as a
native language, but who have'failed to develop adequate reading skills.

Ability Tests. One of our primary interests in the ability test data
was to determine the degree to which reading ability could be preditted
from performance on standard Navy tests. Our testing program was limited
to San Diego and was due to terminate in March of 1974. A continued track-.
ing of reading levels in the Navy, continued determination of low ability
readers, and determination of reading levels at the other RTCs would be
possible if a strong relationship were obtained between reading and the
Basic Battery Test.

1
The race data are not necessarilY representative of the Orlando and Great
Lakes RTCs, ,since the large proportion of Malaysians at San Diego is due
to its geographical location. However, considerations of_English as a
second language may apply to the segment of Spanish-speaking people found
at those training commands.
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Data from the first 7093 recruits taking the reading test were used
in the initial analysis. All Basic Test Battery scores were entered as
prediction variables into a stepwise multiple regression analysis with
the Gates-MacGinitie'reading score as the dependent variable. The GCT,
a highly verbal general ability test, was foUnd to be the best predictor
of reading, r = 0.73 and standard error = 1.36 RGL. The clerical test
entered next into the regression equation, but added only 0.006 points
to the multiple correlation. Thus, the prediction of reading is most
efficiently based on GCT alone. These findings are similar to the read-
ing general aptitude correlations of 0.68 and 0.82 obtained in the
Army and Air Force respectively (Caylor et al., 1973; Madden & Types,
1966). The degree of relationship is to be expected since the general
aptitude tests also tend to be highly verbal tests, as was described for
the GCT.

The empirically determined RGL, as well:as the predicted J1GL for
each level of GCT, is presented in Figure 4. The empirical relationship
is linear in the midranges, but.both a basement and ceiling effect areevident. The ceiling effect is due to the limitation of the reading test,
while the basement effect Is likely due to a 1,ack of sensitivity of.the
GCT at the low end, since the GCT was designed to predict school siin,cess
rather than to discriminate between low ability personnel.

The results of these analyses (and ot-*-r, including a cross-valida-
tion study) indicate that GCT can be used Lr' crack changes in reading\
skills,in assessions. In addition, GCT can be used tc obtain
an approximatloa of proportion of recruits failing into gross categories
nf reading skill. However,. CCT cannot be used to discriminate between
low ability readers. 'At best, the:results indicate'that 95% of those
recruits reading below the 6th-grade level will have a GCT less than 45.
In the uture, we will be comparing this regression equation with one
derived from the Nelson-Denny test in our A School sample. In addition
to these regression analyses, we are currently using the data base pro-
vided by the remaining ability tests described earlier to evaluate vari-
ous hypotheses.concerning relationships of reading ability and nonverbal
intelligence.

'Readin'g Ability and Navy Effectiveness

A basic assumption underlying the interest in literacy in the services
and the very occurrence of this conference is that reading ability is a.
significant factor in determining the effectiveness of a man in the service.

Logical arguments relating reading ability to job performance have
been presented by Duffy, Carter, Fletcher, and Aiken (1975) and Sticht
(1975a). However, research in support of the proposition is meager. Those
studies which have examined the reading/job performance relationship 'have
typically had direct reading skill measures for a "low reading" group.,
but have inferred reading skill from:general classification test perform-
ance for a "low ability" comparison group (e.g., Fisher, 1971; Hagen &
Thorndike, 1953; Hoiburg, Hysham, & Berry, 1974; Standlee, 1954). Our
data indicate that reading and general classification test performance
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are not highly correlated ta.the low ability personnel. The relationship
between reading and performance in these studies, therefore, cannot be
accurately determined. Even if reading ability had been directly assessed,
these studies are limited in focus to personnel bordering on functional-
illiteracy. Thus, if no relationship was found between-_reading and per-
formance in this low-level population, this may simply indicate that all
of the men were so deficient in reading skills that variation in skill
le.vel ware irrelevant to performance. That is, even the highest reading
score rep,:es,:.-mteti may hzve failed to reach the threshold required for
producing increments in job performance.

Our recruit and A School samples provide the opportunity to examine
the relationship between reading and performance where the full range of
reading skills is directly assessed and represented. Our interest in
assessing this relation was both,to examine the contribution of reading
to performance and also to determine the merits of using reading ability
in the selection and classification of recruits. A problem with this type
f research is that performance measures tend to be restricted in range
to scores around that point defined as "adequate" and therefore, the mag-
nitude of the correlation to be expected is limited. Additionally, the
factors determining a performance score differ depending on the purpose
of the score and the nature of the- assessment. Different types of per-
formance scores do not always reflect similar performante levels. For
example, Sticht, CayJor, Kern, and Fox (1971) found that a job sample
test measure of job perforrlance correlatee. only 0.13 to 0.24 with a sup-
ervisor's rating of performance. Ronan and Prien (1971) provide a de-
tailed discussion of measures.of performance.

With these difficulties in performance measurement in mind, we have
examined the use of reading in predicting performance on two measures
currently employed in the Navy to measure.job effectiveness: A School
performance and attrition from recruit training. Prediction of these.
performance measures has been the subject of considerable research, since
projected attrition and A School performance are fundamental to the selec-
tion'and classification of-personnel. The-eontribution ofreading to the
Prediction of these effectiveness variables'ould indicate both the im-
portance of reading in the Navy and the usefulnesa of reading skill level
as a selection or classification variable.

Reading in Relation to Attrition from Recruit Training

The sample of recruits for this analysis consisted of 22,840 men
entering RTC, San.Diego,. between 1 June 1974 and 1 February 1975. The
dependent variable was attrition from recruit training. The attrition
lists at the RTC, San Diego, were checked monthly and all attritees for,
whom we had reading data were noted, along with the reasons for attrition..
Three predictor variables were used:

1. Odds for Effectiveness __WE) An estimate of the proba-
bility of completing the.first tour in the service and being
recommended for re-enlistment. .This is an actuarial table
used by recruiters in which a composite score is derived
from years of schooling, number of expulsions and suspensions
from school, and Armed-Forces Qualification Test Score (Flag, 1968).
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2. Armed Forces Qual&fication Test (AFQT) This is a score
derived from performance on the GCT, ARI, and MECH tests
taken at the recruit station. Placement into a mental cat-
egory is based on this score.

3. Reading Ability Performance on the Gates-MacGinitie
Reading Test described previously.

Results indicated that in our total sample of recruits, there was a
7.7% attrition rate as compared to an overall attrition rate at San Diego
of approximately 10% during our test period. This disparity reflects the
attrition of personnel prior to administration of the reading test, as
well as personnel who were hospitalized at the time of testing and even-
tually attrited. The distribution of reading ability for the attritees
and nonattritees in our total sample is shown in Figure 5. -The primary
reasons for attrition in our sample were inaptitude (academic and mili-
tary), physical disability, and psychological disability. Approximately
30% of the attritees were in each of these three categories. Even with
this wide variability in the reason for attrition, the data in Figure 5
indicate very different distributions of reading skills for attritees and
nonattritees (median reading levels are 8.2 and 10.9 respectively). The
probability of attrition in .each of the reading categories is shown in
Table 2. A clear and systematic relationship between reading ability and
the probability of attrition is evident. The less-than-4th-grade readers
have a 0.36 probability of making it through boot damp, while the proba-
bility is 0.96 that the above-10th graders will make it.

While reading ability is clearly related to attrition, the question
still remains as to the independent contribution it makes relative to
other available indices. Tc answer this question, we entered the reading,
OFE., AFQT, and years Of education scores into a stepwise multiple regres-
sion analysis with attrition, a dichotomous variable, as the dependent
measure. The multiple regression analysis of the initial sample yielded
reading as the strongest predictor of attrition (r = 0.25). The addition,
of the remaining three predictor variables added only 0,02 to the multiple
correlation. The.reading-attrition relationship increased to 0.33 in a
cross-validation sample, and here the remaining tlirLe variables added only
0.003 to r. The independent correlations of OFE, AFQT, and years of edu-
cation with attrition in the initial sample were 0.19, 0.17, and 0.14
respectively. The comparable correlations in the cross-validation sample
were 0.16, 0.18, and 0.12.

In summary, these attrition data indicate that attrition rate system-
atically decreases as reading ability increases, and this holds through
the full range of reading levels. Reading is the best single predictor
of attrition from boot camp. The degree of relationship between reading
and attrition is- significantly larger than the correlation of attrition
with those measures currently used by recruiters to predict the successful
sailor. While -this latter finding indicates that keading contkautes

camtZy to the pkediction o6 attALtion independentey o6 the othek
allem, we performed an additional analysis to confirm this conclusion.
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A stepwise regression analysis was performed on the total data sample.
This time, however, OFE, AFQT, and years of education were entered into
the analysis before reading. These three variables together yielded a
multiple correlation with attrition of 0.20. The addition of reading
as a predictor raised this correlation to 0.30. That reading ability
as measured by the Gates-MacGinitie test contributes to our prediction
of attrition over and above other tests involving reading and non-reading
camponents (AFQT), as well as amount of education, strongly suggests that
it is reading skill with its various components (e.g., language, semantic
knowledge) per se and not other abilities underlying reading test per-
formance (such as perseverance to complete high school, conformity to
expectations) which is related to attrition. Since'the primary emphasis
in boot Camp is acculturation and does not involve excessive use of man-
uals, the relevance of reading skill to performance after boot camp should
be even greater. With regard to selection policies in the Navy, these
data indicate that use of a reading test would yield more accurate pre-
dictions of attrition than the measures currently in use.

Reading in Relation to A School Performance

The A School sample and the predictor variables are as described in
the previous section. The dependent measure for this portion of the
project was average performance on a weekly paper-and-pencil test. Sub-
sequent analyses will examine an "in school" job performance measure, as
well as the final score in the school, which is a score based on all pre-
vious testing.

Only a preliminary analysis of the relationship of each of our pre-
dictor variables to weekly test performance has been completed. In this
analysis, we were again interested not only in the degree of relationship
between reading and performance, but also how that relationship compared
to the largest correlation between one of the current predictor tests and
performance. The data relevant to these considerations is presented in
Table 3, where it can be seen that the reading/performance correlations
range from 0.20 to 0.50 cross the six schools, while the maximum pre-
dictor test correlation with performance ranges from 0.21 to 0.61.

Additional analyses are planned using multiple regression techniques
to further evaluate the usefulness of a measure of reading ability for
predicting A School weekly paper-and-pencil test scores. If lower ability
readers are poor risks in the A Schools, as suggested by the data of Table
3, an A School preparatory reading training program might be instituted
to provide the deficient readers with the necessary skills for successful
performance in their technical training.
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TABLE 3. CORRELATION OF READING, PATTERN MATCHING, AND THE
MOST PREDICTIVE TEST IN THE BASIC TEST BATTERY (BTB)
WITH WEEKLY TEST AVERAGE IN SIX NAVY "A" SCHOOLS.

SCHOOL

WEEKLY TEST AVERAGE CORRELATION WITH:

PATTERN BTB

READING MATCHING TEST

HULL MAINTENANCE TECHNICIAN* .20 .05 .21 (ARI)

SHIP'S SERVICEMAN .26 .16 .21 (ARI)

MESS SPECIALIST .43 .22 .32 (ARI)

QUARTERMASTER .50 .48 .61 (ETST)

INTERIOR COMMUNICATIONS 39 .39 .50 (ARI)

ELECTRICIAN'S MATE .23" .16 .44 (ETST)

*A WEEKLY TEST IS NOT ADMINISTERED IN THIS SCHOOL AND THEREFORE THE

DAILY TEST AVERAGE SCORE WAS USED
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LITERACY TRAINING

I would like now to narrow the focus of consideration to personnel
demonstrating major deficits in reading skills the below-6th-grade
reader. The Marine Corps and the Navy provide reading training during
recruit training for these low literate men. jhe-objectives of the
training are (1) to provide a level of literacy skill to all personnel
sc as to ensure fleet effectiveness and fleet safety, and (2) to provide
the literacy skills necessary for equal opportunity in attaining upward
mobility and a successful career (Steward, 1974; Academic Remedial Train-
ing, 1975). Clearly, data on the reading recuirements in the Navy pre-,
sented earlier and described in more detail by Carver (1973b) and Curran
(this conference) suggest that the training criterion, roughly a 5th-grade
reading level, is` not adequate to achieve either of these objectives.
Unfortunately, the data required to evaluate whether or not the.objec-
tives are being met has.not been gathered. However, there is data rele-
vant to the more immediate objective of the literacy training; that of
improving reading skills. In this section, I will describe the effect-
iveness of three literacy programs in achieving this more immediate
objective. In addition, I will describe three experimental training pro-
grams which have just been initiated. Finally, I will describe my own
research efforts to characterize the reading deficiencies and to predict
the probability of success in the current training programs.. .

Current Programs

The three programs to be described are Navy programs in San Diego,
California, and Orlando, Florida, and a Marine Corps program in San
Diego, California. Program descriptions and evaluation data were ob-
tained from the'following sources: Marine Corps (Stewart, 1974,.1975);
Navy in San Diego (Academic Remedial Training, 1975); Navy in Orlando
(Research for Better Schools, 1974).

The Orlando program was an experimental effort to test the Individu-
alized Learning for Adults package.developed by Research for Better
Schools (RBS Program). This is a self-paced program for illiterate
adults and provides training material to the 9th-grade level. Training
was on general'literacy and focused on the specific skills of recognition
of sound-symbol relations (phonics), word attack (vocabulary), compre-
hension (literal and interpretive), and study methods. There are 129
performance objectives in the program with 32 of the objectives devoted
to decoding skills, 21 to-word attack, and 41 to comprehension skills.
Five entrance tests were used to determine the appropriate starting level
for an individual and'performance during training was regularly assessed
using 70 different pre- and por.:t-tests. The training materials were 129
study booklets and-54 audio cassettes specially prepared for this pro-
gram. The maximum student-instructor ratio was 7 to 1, (4 instructors and
a maximum of 28 studlnts in a classroom). The instructors were Navy men
selected on the basis of having a college degree (area of study unspeci-
fied). Instructional time ranged from 10 to 160 hours with a mean of
60 hours.
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A total of 43 male recruits participated in.the RBS program between
September 1973 and February 1974. The Criterion for selection was a score
of 7.0 RGL on the combined vocabulary and comprehension subtests of the
Gates-MacGinitie Reading SurVey D. The methods of selecting redruits to
test were not specified. After three weeks in the program, the student
was retested in an alternate form of the-Gates-MacGinitie test. If this
score exceeded a 7.0 RGL, the man was returned to recruit training; if
under 7.0, he continued through the entire RBS program.2

The Marine Corps (MC) program in San Diego was devised especially
for the Marine& in conjunction with the local adult 'school. This is the
only program involving civilian instructors, all of which are female and
hold teaching credentials and adult school certificates. The.program
involves some self-pacing, but is classroom-based and fixed at four weekS
(120 hours) of instruction. The training is in general literacy and in-
structional time, according to the program syllabus, is distributed as
follows: decoding (phonics), 40%; 'reading speed and comprehension, 42%;
vocabulary development (sight vocabulary and word attack), 15%. Thus,
there is considerable emphasis on decoAng skills in this program. A
wide variety of commercially available training materials and diagnostic
tests are used in the program, including the Controlled Reading Skill
Development Series (Educational Development Lab), McCall-Crabbs series
(Columbia University), Reading Attainment System (Grolier Education Corp.),
Reading for Understanding (Science Research Associates), and Phonic Word
Blend Flip Charts:(Kenworthy Educational Service).

All recruits at the Marine Corps Recruit Depot in San Diego who read
below the 4.5 grade level are accepted into the MC program. Initial
screening is accomplished through the administration of the Gates-Mac-
Ginitie Reading Survey D to all recruits scoring below approximately the
70th percentile on the general classification test. Recruits scoring be-
low the 4.5 RGL are retested on an alternate form.of the Gates-MacGinitie
and only if they once again score less than a 4.5 RGL are they admitted
to-the program. The score on the second test serves as the person's en-
trance score. Evaluation data are available on 492 recruits entering the
program between February 1974 and July 1975.

The Navy program in San Diego (NSD program) is the only program of
the three under discussion which is run entirely by.the service. Instruct-
ors are Navy personnel having a college degree and the training materials
are selected or developed by these Instructors. Approximately 25% to 30%
is devoted to phonics training. The phonics materials are based on the
Motts Phonic System (unreferenced) and are-similar to those used in the
MC program except that phonics is cOncentrated in the 'first week of train-
ing. Successive weeks of the program:deal ith vocabulary (60 words per
week), comprehension, and reading speed. The program is lock step and is
a minimum of 3 weeks. Failure in any week results in repeating that week.
Thus, the program averages 4'w2eks (92 hours) and ranges.from 3 to 6 weeks.

-The fact that a student was not retested until 3 weeks into the pro-
gram appears inconsistent with the report tiat some men completed
the program in 10 hours. No explanation is available.
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Beginning in July of 1974 (EY 1975) specific testing for knowledge of
sound-symbol relations was instituted. If skills in this area were
adequate, the recruit bypassed.the first week. Thus, in FY 1975 the
average program duration was reduced to somewhat less than three weeks
(69 hours) with a range of two to five weeks.

The training materials in the NSD program are a mixture of instruc-
tor-generated worksheets and commercially available supplemental mate-
rials. Hardware is nail: -d to reading pacing devices. Prior to FY 1975
the supplemental materials consisted'of the McCall-Crabbs readers and a
few magazines (eg., Scholastic Mdgazine). In FY 1975 a wide variety of
commercially available training packages, books, and magazines were intro-
duced into the prOgram. 'It is estimated that in both FY 1974 and 1975
approximately 70% of the vocabulary training material and more than 90%
of the comprehension training material focused on general literacy.3.

The NSD program is directed at recruits with an RGL between 3.0 and
5.5. Prior to FY 1975 all recruits failing the first,academic test in
recruit training were administered the Gates-MacGinitie Reading Survey D.
If a recruit ,cored below the 3.0 level he was recommended for discharge.
Recruits between a 3.0 and 5.5 RGL were admitted to the NSD program.,In
FY 1975 the Gates-MaoGinitie test was administered to all recruits.
Those scoring less than.5.5 RGL were then retested on an alternate form.
Only those scoring between 3.0 and 5.5 RGL on the retest were admitted
into the program.

The distinction between FY 1975 and FY 1974 procedures is important
in the consideration ofthe effectiveneSs of the programs. The RBS pro-
gram and the NSD program prior to FY 1975 admitted students on the basis
of a single test adminisration. Since pnly low scoring individuals were
admitted into the program and later retested, the change scores should
.be subject to- considerable upward regression.. The MC program and the .

FY 1975 NSD program, by selecting students after two test failures, should
reduce this regression effect. Thus, the regression effect should in-
crease the amount of artifact in the gain in the FY 1974 NSD and RBS pro-
gram to a greater degree than in the other two programs.

In addition to the program characteristics described thus far, dif-
ferences in student characteristics and program policy may be expected
to affect gains in reading within the programs. Tables 4 and 5 summarize
the racial and educational characteristics of recruits entering each of
the programs.s. The racial distribution is about equivalent in the MC and
NSD programsaxcePt for an increase in the proportion of Malaysians (and
thus, second language training requirements) in the FY.1975 NSD program.

3
The NSD program is currently undergoing another revision. The new mate-
rials are estimated to be 70% to 80% Navy-related and the instruction
will be individually paced.
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TABLE 4

PERCENT OF RECRUITS IN EACH RACIAL CATEGORY FOR

FOUR READING TRAINING PROGRAMS

RACE

PROGRAM CAUCASIAN BLACK MALAYSIANS OTHERS

RBS*

MC 45 29 11 15

FY74 NSD 44 26 12 18

FY75 NSD 40 20 26 14

* RACE. DATA UNAVAILABLE FOR THIS SCHOOL

TABLE 5

PERCENT OF RECRUITS AT EACH LEVEL OF EDUCATION FOR

FOUR READING-TRAINING PROGRAMS

EDUCATION LEVEL

kOGRAM 8 9 10 11 12+

RBS' 7 16 26 30 .21

MC 11 21 25 25 . 18

FY74 NSD 2 12 16 25 45

FY75 NSD 3 6 15 23 53
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Educational differences, hol.Aver, are considerable. Approximately 50%
of the NSD students have a high school diploma, while only 20% of the
students in the other programs are graduates. If a higher level of edu-
cational achievement is indicative of the acquisition of better developed
study skills, then the NSD programs may show greater reading gains due
simply to the relatively greater level of eductional.achievement of theirstudents. Parenthetically, it is interesting to note that the data in
Table 5 reflect the conclusion drawn earlier that a high school diplama
does not ensure that a person is functionally literate.

Table 6, while summarizing instructional gains in the programs, also
contains information relevant to our consideration of the relative gains
one might predict for the programs. First, the entry level reading scoresat MC are considerably below those in the other programs. The values were
not subjected to statistical comparison because of lack of adequate raw
data and because of the widely varying Ns. However, the entry scores fall
within that range of ability at which phonic skills are acquired. Thus,
a 1 RGL difference in entry levels should.reflect a meaningful difference
in phonic skills, which are conaidered by instructors as the most diffi-
cult and time-consuming skills to acquire. In a post hoc vein, our own
data and data from the MC and NSD programs indicate that entry reading
level is a good predictor of amount of gain (a positive relationship).
Therefore, on the basis of entry level scores, the MC, program should yield
smaller gains. Table 6 also indicates that the NSD programs attrite a
considerably greater proportion of students. Since only graduates are
entered into the post-test calculation, this greater attrition is an arti-
fact which would increase the gain in reading skill's found in the NSD
programs.

Table 7 summarizes those program characteristics which might be
expected to benefit the amount of gain found in each program. The RBS
program may be characterized as "program" oriented, since it involved
carefully developed training materials and procedures. The MC program,
in contrast, capitalizes on instructor capabilities and extended contactwith the instructors (a relatively long training period). Finally, the
NSD program benefits are student based in that better students (higher
RGL and level of education) enter the program and there is a more liberal
policy of attriting students not showing progress or students demonstrat-
ing improper attitudes.

The gain scores and post-test scores presented in Table 6 indicate
that despite considerable differences in program orientation, all of the.,
programs yield approximately the same amount of gain .and terminal level
of reading performance. Potentially, training of some of the men in the
RBS program was terminated after 3 weeks due to their achieving a 7.1 RGL
or higher on a test. However, all other men as well as the men in the
other 3 programs were required to complete a fixed course of instruction.

' Additionally, in all programs, except perhaps the FY 1974 NSD program,
training materials went well beyond the sixth-grade level. Thus, the
similarity between programs in the final level of achievement does not
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TABLE 6. MEAN READIN6 GRADE LEVEL* ON PRE- & POST-TESTS,
GAIN IN READING, AND ATTRITION RATE FOR
FOUR READING PROGRAMS.

READING SCORES' ATTRITION

PRE

TEST

POST

TEST GAIN

RBS (N=43)** 4.5 6.3 1.8 . .00

MC (m=490) 3.5 5.7 2.2 .10 I

1

FY74 NSD(Nf785) 4.2 6.0 1.8 .22

FY75 NSD(N=658) 4.2 6.1 1.9 .24

* *

* READINri WAS ASSESSED ON THE VOCABULARY AND COMPREHENSION SUBTESTS/

OF THE GATESMAcGINITIE READING SURVEY D.

THE "N" DOES NOT REFLECT ATTRITION FROM THE PROGRAMS
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TABLE 7. PROGRAM CHARACTERISTICS WHICH ARE EXPECTED
TO RESULT IN RELATIVELY GREATER REPORTED
GAINS IN,READING.

CHARACTERISTICS

PROGRAM

FY74 FY75

,RBS MC NSD NSD

GREATER INSTRUCTOR flUALIFICATIONS X

LONGER PROGRAM DURATION X

GREATER TRAINING MATERIALS

EXPENDITURE

GREATER'INDIVIDUALIZATION X

HIGHER ENTRY READING LEVELS'

HIGHER EDUCATIONAL LEVELS

HIGHER RATE OF ATTRITION FROM

PRE TO POST TEST

GREATER STATISTICAL REGRESSION

FROM PRE TO POST TEST
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seem to be due to a ceiling effect created by a commonality in training
'criteria. The difference between the programs in terms of amount of gain
is only a .4 RGL. Considering the substantial differences in character-
istics between the programs, this small of a differenee in effectiveness
suggests the conclusion that within the con6ines o6 a 4hont duAation,
inzttuctot-ba4ed, tow Zitertacy pAzigAam, the amount o6 inztnactionot gain
in.geneltat. titendcy 6ixed and deterprined by the zimpee expozuAe to
the educationa 4e,tting. This conclusion is further supported by the
1.2 RGL gain in general literacy obtained in the Army's Functional Liter-
acy Training program (Sticht, Caylor, Fox, Hauke, James, Snyder, & Kern,
1973). Thiaprogram, which.underwent considerable experimental develop-
ment, employs qualified teachers, is highly individualized, and focuses
on functional reading skills. Nonetheless, it possesses the defining
characteristics for my conclusion and the gain in general literacy is
coMparable to the gains obtained in the naval service.

Results obtained by Shennum, Aiken,,and Thomas (1975) suggest that
this invariance in reading gains may evan apply to specific instructional
procedures. These investigators examined CLrep procedures for increasing
reading speed for recruits in the final week of the FY 1975 NSD program
with the hypothesis that excessively slow readingapeeds (frequently
found in these programs) may be an important contributor to poor compre-
hension. The training method of primary interest involved simultaneous
reading and liste-A.ng with the rate controlled through a variable rate. ,

speech compressor. Comparison conditions were (1) simply listening to the
compressed speech, (2) reading with no listening but with rate goals
specified and feedback-given. Recruits in these conditions spent two
hours per. day for six days reading a 40,000-word novel written at the 8th-
grade level. A pre-test/post-test evaluation Using different materials
indicated that each condition produced an iucrease in reading rate of
about 60 words per minute and a 20% increase in comprehension. These
gains, while constant across conditions, were nonetheless due to train-
ing, since a no-treatment control showed no gain in rate or comprehension
over the six-day period.

The general conclusion I have draUin L:um'these evaluations should not
lead to tha assumption that literacy training programs cannot be improved.
A consideration of alternative criteria for training success (the criteria
ors currently amount of gain and exit'level in general literacy), a shift
to training of men with 1ess deficiency, or the introduction of refresher
or retraining programs may all yield more effective reading programs.
Perhaps the most important consideration is a rethil*ing of the criteria
for training success. In most Navy training, program effectiveness is
heavily weighted by the time required to reach crierion. The time factor
is very important, since students and staff are all on salary. If a time .

criterion were applied to the reading programs, it is highly probable that
individualized, computer-based programs employing mastery learning tech-
niques would be by far the most cost-effective (Atkinson, 1912; Ball &
Jamison, 1973; Bloom, 1974). The only time information available on the
present programs CCMP- from RBS, where it was found that on the average,
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41 hours of instruction was required for a one-year gain in reading.
However, that one-yeaT- gain requi,-ed 52 hours of instruction for recruits
without decoding skills, but only 25 hours when recruits could decode.

The criterion for literacy training should also be rethought in terms
of the ultimate goals of the program.. The goal is not to produce more
literate but rather, to give them.the skills necessary to effectively
perform t,;_: reading tasks required of them in the service. These skills
involve an ability to find'informatiOn readilyin manuals, to read and
,comprehend procedural directions and instructionS, to determine the rela-
tive importance of information on a system, etc. The vocabulary require-
ments and the reading strategy required in these tasks differ considerably
from the requirements in general literacy. Tests based on service-relevant
reading material and tasks will very likely si".3W program' gains not reflect-.
ed in general literacy tests.

Still related to the ultimate criterion of increased Navy effective-
ness, a program addressing men "with minor reading deficiencies may be
expected to yield greater gains in'perforamce effectiveness as compared
to low-literate programs even if both programs produced the same gain in
the same time. While the advantages of the former program were discussed
earlier,. no information was available on the relationship of reading im-
provement to entry reading level. Data derived from these literacy pro-
grams indicate that in addition to the gains in Navy effeCtiveness, a
.program for moderately literate men would require less training time to
-achieve the same gains in reading. The NSD personnel refuse to accept
leS's than 3.0 RGL readers as they have found training of these men to be
virtually impossible. RBS reports that when a man is not proficient in
phonic skills,.he requires twice as much training to produce a year gain
in reading. -In my oWn work at NSD, I have found a strong linear rela-.
tionship between.entry level and.gain (r = .35 and .59 in two samples of
native English speakers).

Literacy training programs havefrequently been criticized for the
tendency to be one-shot programs. Clearly, meaningful permanent gains inz
reading cannot be expected in a three-week program. Exercising of the new

/Skills and refresher training is necessary. The NSD personnel retested 58
graduates from the FY 1975 program two to seven weeks after graduation.
The delay between the final test and retest did not produce any.systematie
differences in change scores, which indicates that the loss due to termi-
nation of training.occurs within two weeks. The average graduation score
forthese 58 men was 6.3 RGL, while the average retest score was 5.1;
a 1.2 RGL losS in reading skill due to the termination' Of training. If
these men were representative of the FY 1975 input into the program, these
data indicate a RGL permanent gain from the entry reading level of' 4.2
RGL. However, this gain is still-subject to some regression effect, and
so the permanent gain in the program is likely a .5 to .o RGL. While re-
test data iEs not available on the other Navy programs, there is no reason
to suspect the permanent gain would be any greater than that obtained at NSD.
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The exit reading score indicates that the men have the capability of
reading aboVe the level obtained in retesting. To achieve that higher
.level on a permanent basis, however, will require mini-refresher courses
over an extended time frame.

The fact that the reading programs produce approximately equivalent
gains and that there is considerable loss in skill after a man leaves the
program should not detract fram their relative effectiveness. The pre-
test and post-test gain of approximately two years in these compulsory
and time-compressed programs is indeed significant. Looking at the gains
in another way, the men, cn the average, ranked at the 30 percentile for
5th-grade students at entry into training, while on the post-test, the
men were -st the 69 percentile. Thus, during the course.of approximately
four weeks of training, these men move from the lower to the upper third
of.the di5tribution for this particular reference group.. The 2 RGL gain
ii also significant relative to an average .5 RGL gain achieved in Civil-
ian adult school programs of the same total instructional hours, but
spread Over five months (and therefore, providing distributed practice)
and offered on a voluntary basis (Kent, 1973). SithilarlY, experimental
reading programs for school children at the same reading skill level as
the recruits have produced less than a year gain in a year Of instruction
(Battelle Institute, 1972). In comparison, the naval service programs
haVe proved exceedingly effective in improving reading skills. My dis-
cussion, instead, addresses the questions of whether more effective pro-
grams can be developed and whether the programs produce gains to the

.service beyond the increase in reading.

With regard to the effects'of the reading programs on later Navy
effectiveness, graduates of the NSD and MC programs'have been tracked
through boot camp to determine their rate of attrition.. The success of a
sample of 301 MC program graduates was.assessed 3 to 14 months after grad-
uation. The attrition rate of this sample was 12% as compared to an over-
all boot.camp attrition rate of 10%. Since boot camp is only 11 weeks,
these data indicate tha-: graduates.of the MC program have an attrition
rate equivalent to or less than the Marine Corps average. Additionally,
only-33Z of the graduates were judged to have a promotion rate slower than
normal, while for 17% the rate was judged to be faster than normal. Unfor-
tunately, an untrained sample is not available for comparison. (Perhaps
most men are typically jud.ged tolpe progressing faster'than normal.) The
data do suggest that the MC program gtaduates are progressing through the
service at a normal rate. However, we do not lcilOW to what degree reading
ability is predictive of performance in the Marine Corps. (It is evident
that the reading requirements are less than in the Navy.) Thus, the
!I normal" performance of these graduates may be due to some characteristic
of the reading program or it may be due to the lack -of any relationship
between reading ability and service effectiveness.
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Boot camp attrition rate for a sample of 387 graduates from the
FY 1974 NSD program was 12%. This can be compared to an average 10%
attrition rate at zhe boot camp and an attrition rate of 18.7% for
fourth- and sixth-grade readers. As with the MC program, the graduates
of the NSD program appear to perform as well as the average recruit.
Here, however, we have data pointing to a relatively strong relationship
,between reading and attrition (see Table 2) and thus, the 12% attrition
rate for graduates appears to be of meaningful significance.

The graduates of both the MC and NSD reading programs appear to be
performing as average recruits. However, a basic question is whether
their level of performance in the service is due to the improved skill
level and attitude obtained from the reading program. While a definitive
answer to this question is not possible, it seems highly unlikely that
1 RGL increase in ability would substantially affect the performance level
of a functionally illiterate recruit. A more likely effect of the pro-
gram is that they serve o filter out recruits having low capability for
learning or having a poor attitude. These people are represented in the
12% and 14% attrition rates in the MC and FY 1974 NSD programs respec-
tively. The only way ve are going to be able to adequately assess the
effectiveness of reading training on later service effectiveness is
through an adequate experimental design in which only a portion (randomly
selected) of the personnel eligible for reading training are actually
assigned to the program and the program resulted in-meaningful gains in
reading skill. A judgement of reading training effectiveness would then
be based on attrition rates from the point of assignment, rather than
examining only the graduates of the reading program.
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Experimental Readi.ng Programs_

In addition to the ongoing programs for recruits, there are three,
experimental programs under Navy sponsorship. Since these programs are
only in.the initial stages of development, I will only briefly describethem. Hornbeck and Montague, under the sponsorship of the Center, are.developing progrmns for training phonic, or decoding, and vocabulary
skills in the low literate recruit. The training is computer based andhas as dual goals, the evaluation of training procedures and the evalua-tion of nev computer hardware and software systems. The interactive com-puter system haS graphic capabilities allowing the student to "point" tostimuli, e.g., to syllabicate a word shown on the screen. More import-antly for the low literate training, the terminals are equipped with aVortex voice synthesizer. This computer-generated speechcapability per-mits a fully interactive and individualized training program with computer
presentation in either or both the auditory and visual mode.' A program-ming language incorporating the graphic and voice synthesizer capabilities
has recently been generated and the courseware for the phonic skill train-ing is nearing completion.

The second experimental program is being developed by Carver (1973d)under.the sponsorship of the'Office of Naval Research. The training inthis program, rather than focusing on specific reading skills, will involve150 hours of practice on the terminal objective reading and compre-
hending.prose material. Prose passages will be presented over a PLATO
.computer terminal, thus permitting individualized instruction. The pas.-sages will be presented in a modified cloze (Taylor, 1957) format in which
every fifth word is deleted and the student makes a multiple'choice selec-tion to fill the blank. This procedure forces continued attention to the
passage and provides constant monitoring of performance. The primaryobjective in Carver's work is to determine if there are two types of poorreaders those lacking the intellectual capacity, and those lackingthe educational experience. The,latter are expected-to gain from readingtraining. Thus, students will be screened for intellrctual ability usingthe Raven's Progressive Matrices and high and low Raven's scorers will becompared. Those receiving training will consist of 4th-grade level readers.
Pilot testing of this system has recently begun.

The final experimental program involves Ihe evaluation of the Encyclo7pedia Britannica program for functionally illiterate adults. .The programis at a considerably lower level than the other programs we have discussed,
'and assumes no reading ability. Training is in pronunciation, listening,and basic reading skills. This program has been instituted aboard threeships and participation is voluntary. The experimental evaluation of thisprogram, by the Chief of Naval Education and Training Support, is just
getting underway.
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Prediction of Training Success

As a final topic in the review of the Navy's literacy research,
I would like to present some of the results obtained in my own research
efforts to characterize the successful student in the NSD reading pro-
gram. For the past several months, we have been administering a battery
of tests to all recruits entering the program and examining test scores
in relation to the amount of gain4.in reading ability. Our first sample
consisted of 111 recruits, 32 of whom had English as a second language.
We then made some modifications in the test battary and have recently
begun collecting data on a second sample. This sample at present con-
sists of 41 recruits, 21 of wham have English as a second language. It
should be borne in'mind that the data I mm presenting applies to the 1975
NSD program which was described previously. Programs differing in in-
structional strategies would likely produce different relevant variables.

One of the first hypotheses we examined was that the remediability
of poor readers is dependent upon their intellectual ability. This is
a basic hypothesis in Carver's (1973d) experimental reading program dis-
cussed previously. To test this hypothesis, we used the pattern match-
ing (PM) tes,t (derived from the Raven's Standard Progressive Matrices as
described previously) as a part of our battery. The split-half reliabil-
ity (corrected for attenuation) of the PM, based on the scores of 1,200
recruits, is .85. Our dependent variable was the gain in reading scores
over the course of the reading program. If a student was attrited from
the program, he was given a score of 2,6 .4 RGLs below' the lowest
exit score. Mean PM performance was consistent across the four groups
(successive samples crossed with English as a first or second language)
ranging from 19.5 to 22.5 (a = 4.9 to 6.6). This is significantly below
the mean of 28.3 obtained for all recruits at the San Diego boot camp.
The mean gain in reading ranged from .8 to 1.8 RGLs, but was not consis-
tently related to a language group. The gains and the correlation of gain
and PM performance is presented in Table 8 for the English as a native
language (E 1st) and English as a second language (E 2nd) groups.

The correlation between PM and gain is low and not statistically sig-
nificant (p > .05) across all four grouPs. If anything, there is a ten-..
dency toward a negative-correlation between gain and pattern matching for
the E 1st group. Thus, intellectual ability of low, literate recruits is
not predictive of their gain in this reading program. This result is con-
sistent with our,finding with a random sample of all recruits, where it
was found that PM was not strongly related to general reading ability
(r - .43). It seems that while intellectual ability is a oomponent in
reading skill, it alone does not set the limits for the level of skill
attained in a reading program, at least as found in our heterogeneous
adult population.

'Analysis involving post-test scores have yielded comparable results.
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TABLE 8. MEAN (STANDARD DEVIATION) READING GAINS* & THE CORRELA-
TION OF GAIN WITH PREDICTOR VARTABLES FOR NATIVE
LANGUAGE (E 1st) & ENGLISH AS A SECOND LANGUAGE (E 2nd)
GROUPS IN TWO SAMPLES.

CORRELATION OF GAIN WITH:

GROUP'(N)

PATTERN

MATCHING

DECODING

SKILL

MEAN

GAIN

SAMPLE E 1sT (79) .02 .40 .8 (1.7)
1

I

1 E 2ND (32) .19 .30 1.8 (1.9)

SAMPLE E, 1sT (21) .39 .54 1.23 (1.49),

2 E 2ND (29) :18 .28 1.0 (1.1)

*READING GAIN IS CALCULATED AS THE POSTTEST/PRETEST DIFFERENCE ON

ALTERNATIVE FORMS OF THE VOCABULARY AND COMPREHENSION SUBTESTS OF

:THE GATES MAcGINITIE READING SURVEY D.
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Our second hypothesis was that those students more proficient in
decoding printed words intoThonological units would show greater gains
in reading. This is an often reported'finding by the instructors in the
reading program and in the NSD program it is the rationale for rejecting
recruits below the 3.0 ROL. The word knowledge subtest of the Wide Range
Achievement Test was included in our battery to test this hypothesis.
The word knowledge test involves the presentation of a graded series of
printed words with the subject's task being simply to pronounce the words
correctly. Correetness of pronunciation is a test administrator judge-
ment and grading is liberal with respe'ct to regional and ethnic differences
in ptonunciation. The test does not take into account the.student's knowl-
edge of the meaning of the words.

.Results obtained, with the decoding skill test supported the hypothe-
sis. Performance on this test was consistently one of the best predictors
of gain, with the correlation being somewhat higher for the E 1st sample
(r = .40 and .54) then for the E 2nd sample (r = .28 and .30). Thus, as
indicated by the instructors, decoding skill is an important determinant
of ability to learn to read in a short duration program. Decoding skill,
however, is clearly not the only factor. The mean decoding performance
(in grade levels) for the E 2nd samples was 10.1 as compared to a mean of
4.7 for the E 1st, a difference of 2 standard deviations. The magnitude
of this difference was consistent across samples, yet the gain in reading
tor the E 2nd group is not consistently greater than for the E 1st group.
We feel that a second major distinction between the language groups, which
Will account for differalces in gains, is semantic knowledge. The E 2nd
consists primarily of Filipinos who have been'taught decoding rules tor
English since grade 1. However, their experience with the language has
been largely limited to schoolroom use. Thus, while they can readily de-
code the printed word, their semantic knowledge is deficient relative to
the E 1st and will affect their progress in the remedial program.

We included reading ahd listening tests in our battery to test the
above hypothesis, as well as to test the hypothesis that a large differ-
ence between reading and listening skills is predictive of the gains to
be made in a remedial program. The tests were developed from the vocab-
ulary subtest of the Nelson (1962) -reading test. The'odd.:-numbered items
on the test formed Our reading test and the even-numbered test items formed
the listening test. Presentation of reading and listening items was alter-
nated in blocks of five. "Listening" test is somewhat of a.misnomer, since
both reading and listening items were presented via slides at a 12-second
rate. For the listening items, however, the stimulus and alternative were
read to the subject while he-viewed them. Split-half reliability of the
listening test calculated on our first sample yielded an r = .79 (cor-
rected for attenuation).
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The mean listening and reading performance for each language group
is presented in Table 9. The data indicate, as might be expected, that
E 1st recruits have a larger listeningthan reading vocabulary. Their
listening skill is exercised constantly through interaction in an English
language community, while their reading skill training is likely to be
limited to use in the educational system. The E*2nd, on the other hand,
have equivalent reading and listening vocabularies indicative of an expos-
ure to English, spoken or written, which is limited to the classroom. The
data further indicated that the E 2nd group has a vocabulary knowledge
greater than the reading vocabulary of the E 1st group, but less than the
E 1st listening vocabulary. The E 2nd, while being able to decode far
more words than the E 1st group, have more limited semantic knowledge of
those. words.

We have calculated the correlations between reading and listening
skills and gain scores. However, the pattern of correlations is not stable
or clearly interpretable. Thus, I will delay discussing that data until
our second sample is complete. We have included a number of additional
measures in our battery for the second sample. These include some of the
traditional measures of Navy effectiveness, such as number of dependents
and years of education, as well as tests of immediate memory and ability
to maintain a high level of performance at a tedious task. The intent
of these tasks is to look for what may be general ability deficits in our
low reading ability recruits.

TABLE 9. MEAN (STANDARD DEVIATION) READING AND LISTENING
ABILITY SCORES FOR NATIVE LANGUAGE (E 1st) AND
ENGLISH AS A SECOND LANGUAGE (E 2nd) GROUPS
COLLAPSED ACROSS TWO SAMPLES.

READING LISTENING

E lsi 26.1 33.1

(5.1) (5.0)

, i 2ND 29.7 28.0

(510) (4.8)
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COMMENTS ON THE PAPER BY DUFFY

Burl Gray

Behavioral Sciences Institute

The camments by Gray focused on_the parallels between the concern
shown in Duffy's paper for understanding the characteristicS of the
reader, and those same kinds of concerns so frequently found in the
civilian education world. Gray pointed out that he thought too much
attention was given to understanding the learner, and not enough atten-
tion was given to describing the instructional method that students are
exl,osed to. He suggested that the only way one will be able to accurately
estimate reading gain as a function of time is to have a teach-11.1g method
highly specific to some goals or objectives; then one can make a meaning-
ful statement about gains per hour of instruction. In addition to making
predictions of success in a program more accurate and meaningful, having
a clearly defined method and procedure is useful when investigating fail-
ures from that program. In this case, one can make definite adjustments

-

to the program until the failure rate is minimal. Gray closed his remarks
by reiterating that in the military work, more attention needed to be_
given to specifying instructional methods and procedures. Continued worry
about the characteristics of the reader may imply that the fact that he
does not read is hilt problem, so trainers may not be too motivated to
improve tha& work, and the problem May be expeditiously solved by dis-
charging the person or changing his job assignment, or some other change
in category rather than competency.
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ONGOING R&D IN ARMY LITERXY TRAINING

Johil S. Caylor

Human Resources Research Organization

The Army's problem in dealing with recruits of low level reading and
languageskills is a recurrent one. In the past, the response to this
problem has typically been the initiation of brief, limited, stop-gap
programs of general literacy training whose content and objectives bore
little demonstrated relationship,to.the requirements Of Army job training
and job performance. The most recent recurrence of thi8 problem arose in
1966 with Project 100,000, which brought large number,J of previously
ineligible loW aptitude men into the Army. At.this time, the Army under-
took a program of research and development which was completed in 1975
This paper_describes that program of literacy research and development
activities, and briefly mentions the now ongoing research.

As an immediate response to the influx of'marginally literate person-
nel under Project 100,000, the Army established Army Preparatory Training
(APT). The goal of this program was to bring recruits reading below the
fifth-gtade level on a standardized reading test to that criterion before
their entry into basic training. With widely varying local options, this
program provided general educational development training in reading and
arithmetic for a period of not more than six weeks, at which time all
students were advanced to Basic Combat Training regardless of their read-
ing achievement.

.

As

Shortly after the APT program waS established, the Army, undercon-
tract with HumRRO, undertook a systematic long-range program of literacy
research and development projects which had two major objectives:

1. To determine and define the nature of literacy probleMs in the
Army by studying the actual operational literacy demands of
Army jobs in conjunction with the literacy skills of Army person-
nel.

2. To develop a literacy .training program to provide job-demanded
functional literacy skills to meet the reading requirements of
Army jobs.

Detailed descriptions of the projects undertaken to meet these goals
have been reported elsewhere (Sticht, 1975c). The earlier phases of this
program.were primarily of a research nature and these will be summarized
in terms of the work to determine the functional reading requirements of
Army jobS and the reading ability level of the Army personnel available
to do these 'jobs. The latter phases of this yrogramwere more heavily
developmental; those phases will be described in termsof the job fUnc-
tional literacy training program which was produced, itS operatiohaI
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effectiveness under'Army-wide implementation as a front-loaded program .

conducted before job training,_and the feasibility of integrating this
'job reading training program with job skills training.

DETERMINATION OF THE LITERACY DEMANDS OF JOBS

To determine the literady requirements of Army jobs, three different
approaches were used. In these three approaches, the reading requirement
of a job was'established in terms of one of the following:'

1: Direct measures of job knowledge and job performance.

-2. The readability (reading difficulty level) of the Army manuals
prescribed for use in learning and in doing the job.

3. The specific job reading tasks inherent in performing the job.

Each of these approaches is described below.

Job Proficiency

Our first approach to determining the literacy demands of jobs was
to examine the relationship between the general reading ability level-of
job incumbents and their job proficiency. Job proficiency was measured
both by a written test of job knowledge and by an extensive hands-on
sample of job performance. For each of four Military Occupational
SPecialities (MOSs), the literacy requirement of the job was estimated as
the lowest reading grade level at which no more than a chance proportion
of men fell in the bottom quartile on the job proficiency measures.
These analyses indicated a consistent relationship between literacy and
job proficiency, and suggested the requirement of 7th-grade reading level
for Cooks, ath-grade reading level minimal requirement for Armor Crewmen
and Vehicle Repairmen, and 9eh-grade reading level for the Supply Clerk's.
job

'This approach to establishing the reading requirements of jobs has
the advantage of using job proficiency measures directly as criteria.
This work suggested ehJ,t Oifferent jobs d6 have different levels of lit-
eracy demands and that rading requirements for these four high-density
jobs lfay well above th :ovels typically set as objectives for remedial
reading training prograro. There are drawbacks.to this appraoch. Clearly
it is prohibitively expeivive to obtain hands-on job proficiency measures
in a variety of jobs. A different problem arises from the job proficiency
measures themselves, for they represent the resultant effect of many fac-
tors, of which literacy is'only one. Since the job proficiency approach
totally :uiores the job reading materials themselves, we then turned to
the study of those reading materials used in training for and performing
the job.
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'Readability Approach

Cur second approach to determining job reading requirements was to
study the readability of reading difficulty level of Army manuals used
on various jobs. The FORCAST readability index was constructed to esti-
mate the reading .grade level of ability needed by the'adult Army popula-
tion to read and comprehend technical job reading materials (Caylor, et
al., 1973). FORCAST estimates of the readability of manuals indicated
these results:

1. More than half of the job manuals in each.of seven jobs
exceeded the llth-grade level of reading difficulty.

9. The average readability level.of the materials in each of
these joba far exceeded the average reading ability of men
working in these jobs.

Table 1 shows that although there are-clear differences in readability
of job printed materials among the MOSs, all the MOSs show readability
levels well above the 9th-grade level.

TABLE- 1

Cumulative Percentage DisVibution of Job Reading Materials for
Seven MOSs and Seven.FORCAST Readability Levels

RGLa

Military Occupational Specialtyb

11820
(N =. 104)

26020
(N 95)

83820
(N 108)

71H20
(N = 95)

76Y20
(N = 83)

911320
(N 90)

951320
(N = 138)

6-6.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7-7.9 1.0 0.0 0.0 0.0 0.0 0.0 0.7
8-8.9 4.8 0.0 3.3 1.1 3.6 2,2 5.0
9-9.9 18.3 4.2 13.4 2.2 10.8 24.4 / 5.1

10-10.9 41.4 9,5 36.3 3.3 20.4 47.8 34.0
11-11.9 71.2 42.1 61.8 37.0 57.6 77.8 62.2
12.0+ 100.0 100.0 100.0 100.0 100.0 100.0 100.0

aRGL-Reading Grade Level of difficulty of job printed materials determined by the FORCAST
formula.

b11E320, Light Weapons Infantryman; 261320, Ground Control Radar Repairman; 63/320,Wheel
Vehi:le Repairman; 71H20, Personnel Swcialist; 76Y20, Armorer/Unit Supply Specialist; 91820, Medical
Specializt; 95820, Military Policeman.

The readability technique offers a low cost method for estimating the
overall reading deMands of job manuals. However, it does not provide a
direct indication of how well men can read and use their manuals for the
reading tasks performed on the job; for this information, we need to .test
people on samples of job reading tasks using job reading materials.
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Job Reading Task,

Our third general approach to assessing job literacy requirements con-
sisted of studying directly the relationship between general literacy
skill and performance on job reading task tests; that is, reading tests
constructed of actual job reading materials Used in performing actual job
reading tasks. Job,reading tasks were identified by means of structured
interviews with job performers at their work. location. Joh performers
were asked to report instances of their use of printed materials in per-
forming job tasks, to escribe the information they sought to perform
the job, to.obtain the printed material, and to indicate the needed job
information In the manual. These verified.job reading tasks were then
structured into Job Reading Task Tests which were standardized and normed
on Army samples whose general reading ability level was also measured.

These tests consist of the most frequently mentioned types of reading
material and require the testee to obcain the same kinds of information-
from the same manuals as job incumbents reported using in their work.
Thus, they represent the most direct measure of actual job-specific read-
ing task performance.

Each of the Job Reading Task Tests (JRTTs) constitutes a set of con-
tent-valid, job-specific reading tasks which can be used as a criterion-
referenced measure of job reading task performance for that job. To facil-
itate comparison of job reading requirements, as defined by a JRTT,
betweerr'different jobs and with other indices of job reading requirements,
JRTT scores were scaled in terms of reading grade level, as measuredby a
standardized reading test. Thus, any job-specific JRTT score could be
expressed as the performance of a soldier whose general reading compre-
hension was at some specified reading grade level, to use that common met-
rie. In this fashion, and using the'arbitrary but plausible decision
rule that.7(4 of job.incumbents should get 70% of the items correct on
their JRTT, the reading requirement for Cooks fell at about the 7th-grade
level, for Vehicle Repairmen Pt the 8th-grade level, and at the 12th-
grade level for Supply Clerks.

,ummary

These were our three main approaches to determining the reading level
requirements of jobs. In each, we studied the relationship of general
reading ability to a :afferent criterion: measures of job proficiency,
the structural properties of job reading materials, and the performance
of empirically determined job reading taSks. These approaches agree in
general in estimating Substantially different reading requirements for
different jobs, in a comoi.. orderilg of the literacy requirements of the
three jobs studies for all approaches, and in setting all job reading
requirements at or above the 7th-grade reading level.
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Up to this pc0.-ii we have-discussed research that has focused on the
reading demands of .!.c.ly jobs. The other side of the Army's literacy
problem concerns the reading ability level of the personnel available to
do the jobs.

Direct assessment of the current distribution of reading ability in
Army is not available because no reading test is standardly adminis-

tered to all ArmY personnel. Throughout the several phases of this
program, direct'testing of reading comprehension has always yielded a sub
stantial proportion of personner of marginal reading ability. While this
proportion fluctuates as a function of the quality of Army input, it is
not likely to become trivially small. Most recent data as'of March 1975

-show that of 23,000 Mental Category III recruits scl'eened on a standard-
ized reading test, 17% failed to reach the 7th-grade reading level; and,
of the 13,000 Category IV recruits screened, 43% were similarly readIng
at the 6th-grade level or lower. Subsequent retesting five weeks later
in basic training reduced these percentages by half - which still leaves
some 13% of Category III and IV input reading no higher than 6th-grade
level at the time when they are about to enter job training.

An alternative to the direct assessment of the reading ability of
Army personnel is provided in our study by the Comfortingly consistent
correlation (r = 0.1) between AFQT and reading grade level as measured by
standardized reading tests. Since AFQT scores are available for all
military.personnel, the reading skill level Of personnel in any job cate-
gory can be reasonably estimated at any time from existing data banks.

Summary

To briefly summarize what has been learned about the Army's literacy
problem: We have seen that (a) as deterMined bY a variety of methods, the
reading demands of Army jobs, even the less complex ones,' far exceed the
reading ability levels of many personnel, and (b) thereAs a consistent
positive relationship between reading ability and .;Qb proficiency.

, From this work we make the following concluor.: Although no single
level of functiOnal literacy.can adequately represe=at the reading require-
ment of the range of MOSs studied, there appears to be a lower limit of
7th-grade reading level-for functional literacy in the Atmy. Thus,
remedial reading should be aimed at producing no less than 7th-grade read-
ing ability and, optimally, shOuld-be targeted to i!le level of a manes
MOS assignment. If elimination, retention, or promotion of career person-

: nel is largely contingent upon paper-and-pencil job knowledge tests,
formal precedures should be implemented to ensure that men have the
opportunity"to acquire both the job knowledge and the literacy skills
required by the tests.
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JOB FUNCTIONAL LITERACY TRAINTNG PROGRAM

Based on this research oz the nature of its literacy problem, the
Army in 1971 sponsored the. HumRRO FLIT .-(Functional Literacy) project with
the objective of developing a literacy training program designed to pro7
vide a leVel of functional literacy'appropriate to prestmt minimal job
reading requirements and requiring nb more than six weeks of training-.
time. Given the absolute constraint of six weeks of trainipg, we could
see no reasonable prospects of increasing our adult students' general
literacy competenc the point where it would transfer significantly
to his job reading sks. Accordingly, the FLIT objective was specified
to be that of produ n :Itudent capable of using.his job reading mate--
rials with the off. '_:,mess of a man having a general reading ability
of grade 7.0 as indexed by performance on a job reading task
test. This = .)-asic policy decision that all job reading train-
ing would be using the concepts, content, and reading mate-
rials of the s,. s own job area. Parallel training curricula and

. materials weredeveloped for each of six job clusters: Cook, Clerk,
Communications, Combat, Mechanic, and Medic.

Entry

Entry to the program is governed by a series of screenings designed
to elimnate most cases of tcting artifact. ii.11 Mental Category III and
IV input personnel:are screened on a standardized reading test,in the
Reception Station during recruit processing. Those failing to reach the
6th-grade reading level are rescreened five weeks later..i.n basic training.
Those again scoring below the 6th-grade reading level '. are screened once
more upon entering the reading training at the end of basic training by
means of both a general and a job reading test. Only those students who
have failed all. three screenings are admitted to the job reading training
program.

Program Overview

The functional literacy .training program consists of three curricuL
lum strands, each of which occupies about one-third of each training day.
Strand I was designed to provide training in the application of existing
general reading skills to job-specific Army job reading tasks. Strand II
was designed to improve basic reaiing skills and job knowledge thrbugh
using simplified versions of Amy job reading materials. Strand III is
devoted-vto general reading training and practice, as prescribed by the
local Army.school.

Strand I

Strand I training is designed.to give the student drill and practice
in applying his existing reading skills to the job reading tasks and the
job reading materials which he will encounter in his entry level jbb
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training and job performance. This Strand is a modular, self7paced, mast-
ery-based program of job reading task training. Training is conducted in
six mod4es, each addressed to one of the six fundamental job reading
tasks identified-as common and essential to MOS training and performance.
These modules provide training in six job reading tasks: Using a Table of
Contents, Using an Index, Using Tables and Graphs, Using the Body-of the
Manual, Following Procedural Direction, and Following Instruction in
Tilling Out Forms. Job-specific training is provided in using thobe
Army manuals used in the stUrdnnt.'s own MOS.cluster.

Entry to each module is determined by a module pie-test. Students
meeting both time and accuracy criteria on a module pre-test advance to
the next modul.!; those failing the pre-test enter successive blocks of
individualized instruction until they can pass a module post-test.

S.trand II

a.

In contrast, Strand TT is a teacher-oriented program designed both
to improve basic reading skills by .language instruction and direct read-
ing training, and to develop basic job-.knowledge in the student's own MOS
field. In :this curriculum, instructIon is provided in .decoding printto
speech, in basic functional ,rammar and syntax, and in conceptualizing
and structuring the meaning of a passage in linguistic, schematic, and
pictorial representations. ..11 instruction is keyed to sets of specially
Igritten, simplified reading passages presenting basic job vocabulary and
job concepts in the Student's job field.

IMPLEMENTATION

ALter a period of development and field trial in which all training
was conducted by research personnel,- this functional literacy training
program has been implemented over the past year atallsix Army Training
Centers. The final phase of,our R&D program consiSted of evaluation of
.(1). the front-loaded functional reading training program in its opera-
tional setting, and (2) the feasibility of alternative delivery systems
permitting the integration of the job reading training program with job,.
skills training.

Let me summarize the findings of this study of the operational train-
ing program.

1. The Current Need For Literacy Training in the Army

In reading screening testing for this program in 1974 and 1975, 9%
of Category III and 21% of Category IV recruits failed to reach.the 6th-
grade reading level on either of two administrations of a standardized
reading-test adMinist.ered over the first zix weeks of their Army service.
Similarly, one-fourth of all input to a sample of entrY.level job train-
ing courses for drivers, mechanics, and supply clerks failed to reach the
6th-grade levul of reading compreheftsion.
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2. Cha.racteristics of Students Entering Reading Training

Regional differences were substantial. Median amount of formal school-
ing ranged frO,1 10 to 12 years, 29% to 57% of the students held a high
school diploma or GED certificate, and 66% to 97% spoke English as their
primary language.

3. Pro'rrem Effectiveness

Pre- and post-module proficiency testing showed improved performance
on all modules with substantial differences In the difficulty and effective-
ness of various modules.

Summative evaluation showed high consistency Of training effective-
ness at the several installations. As measured by the job Reading Task
Test, mean reading grade level gain was2.2 years, with 45% of the students
reaching the 7th-grade reading level objective. On a standardized reading
test measure, average gain was 1.0 reading grade level, with29% of the
students reaching the ith-grade level. Retention testing eight weeks
afzer-completion of reading training showed that, for job r:ading, an
initial qain of 2.4 RGL was reduced to n net gain of 1.9 RGL two months
-i.ater. For the general.literacy.meas. the initial gain of 1.0 years
was :educed to a net gain of 0.4 of a ,mir.

4. Feasibility of Integrating Job Reading and Job Skills Training

A3 implemented, this literacy training program is front-loaded and
adds six weeks to the training cycle when inserted between Basic Combat
Training and entry level MOS training. Not only is this costly in terms
of training time, but it also requires the learning of job concepts before
t'ne referents-of those concepts'have been experienced. Accordingly,
studies were run on the feasibility of integrating job reading training_
and job skills training in One common program. When offered as either a
part of, or an extension to, the regular job skills training day, .the FLIT
Strand I program obtained results directly comparable to those obtained'
in the front-loaded program, despite the curtailed time devoted to the
integrated Strand I training. As ih the case of the basic FLIT program,
this integrated job reading training was a scheduled mandatory training
activity for poor readers. When the FLIT Strand I program was offered On
a voluntary unscheduled, walk-in basis at the post learning center, there
were no takers. This lack,of volunatry participation in the program may
reflect the btief.period of time the program was offered and the limited
advertisement of the program. -Future progrPms should expect to spend
more effort in disseminating information about.the program

Summary
-
The Army-wide implementation of the front-loaded FLIT program, or

the Advanced Individual Training Preparatory Training (AITPT) as it is
now known, has just been completed in 1975. This implementation effort
brings to a close this Aroy/HumRRO long-term program of literacy research:,
and development.
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CONTINUING ACTIVITIES

Currently, Army research and development in'the literacy area is
beins conducted by the Army Research Institute. Qngoing is the develop-
ment of a screening test for reading comprehension to replace the pres-
ently used USAFI test. Since the USAFI test is a military reprinting of
a standardized reading test developed for use in the intermediate grades
of the public school system, it requires academic knowledge and skills
unrelated to Army reading needs. ARI is currently collecting pilot data
on its new test of literal comprehension of Army-related-reading mate'
rials.

Under consideration is a more extensive program of R&D aimed at the
improvement of Army reading materials. The following initial major
research activities are being considered:

1. The definiticin of relevant language variables and the develop-
ment of computer programs to measure these variables.

2. The determination of those writing charP.cteristics that need
to be revised to substantially improve readability.

3. The development of computer programs to provide corrective
feedback to writers.
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COMMENTS ON'THE PApER BY CAYLOR

Richard Venezky

University of Wisconsin

Like others, Venezky based his Comments not only onCaylor's paper,
but also on other presentations and discussions. As preliminary observa-
tions, Venezky noted that he had gained a lot of respect from this Confer-
ence for the level. of Work going on in the Armed Services, and was sur-
prised to discover that most of the military researchers were facing the
same kinds of problems as those working in civilian settings with children.
He noted that a fundamental difference between civilian- and military-based
researchers was that the'latter are almost forced to translate research -
into practiceto show results. University-based researchers, on the
other hand, are rewarded not so much for applying what they learn to the
solving of problems, but for publishing research and developing terminology
which may in fact obfuscate how their research might be turned into practice.

Focusing.,on literacy problems within the Services, Venezky stressed
four areas of concern. First, he expressed the idea that it is not liter-
acy alone, but the Communication of information which should be of conCern
to the Services. He noted that Caylor had reported a large influx of men
with low levels of language', not just reading, skills; also, the Air Force
is sponsoring work on the measurement of auding and reading Skills. This

suggests that the military's problem of communication-eXtends to both
listening and reading, not reading alone. Furthermore, the concern with
readability research suggests that the Services are aware of writing as a
problem. Hence, there is evidence that the Services must consider a total
communications approach to their problems, and not focus just on reading.

From the communications perspective, Venezky suggested that, given a
constant message one has to communicate, three factors axe involved: the

medium of communication (audio, visual); the arrangement and structure of
the message (readability .factor); and the competency of the receiver
(language, literacy skills). BecauSe research is currently going on in
all f these areas in the Services, Venezky 'suggested that better coordi-
nation of these efforts is needed, because,.for example;- it is simply not
'Lost beneficial to deal Only with, say, literacy programs, when in fact
the materials that people are expected to read are not very effective.
Also, needs may Change over time as costs change for print -versus audio.
Thus, there needs to be a coordinated research program looking at the
total communications picture to better choose media for communications,
to improve the .structure and arrangement of messages, and to develop the
required competencies of personnel.

A second,,related area of concern expressed by .Venezky was the need
for a.communications scale for various types of communications skills
(literacy, writing, reading, speaking) and, in particular, a scale which
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gets away from the use of grade scores. He felt that the latter scores
are arbitrary, and in the educational Setting of the military, are
derogatory to the personnel. Rather than insulting personnel with such
grade scores, Venezky suggested that the Services should talk in terms
of the competencies necessary,for the jobs to be done.

The third area of concern which Venezky discussed dealt with oral
language. Many persons of low oral.language skills, including many non-
native speakers of'English, are entering the Army, and it ts.necessary to
teach them to comprehend the oral language, as well as the written
language. With native English language speakers of low oral language
skills, it seems necessary to Improve these skills if their reading is to.

_be much improved. Again, Venezky noted that the Air Force research on
auding and reading indicated current awareness'of this problem. He
suggested that the services extend this concern with oral language, nd
focus not-on teaching-the grammar of English directly (the past perfect,
the negative passive transformations, etc.) but rather, that a functional
point of view be taken in:which the functions of the language are stressed
and trained.

Venezky's final comments concerned the need for the Military Services
to explore alternatives to current training (literacy and technical)
programs. Noting that the Services face the problem of limited time and
fuhds for training, as well as high turnover of instructors, Venezky
suggested the wider exploration of computer-managed or imparted self-study
programs.
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SUMMARY OF ONGOING RESEARCH AND DEVELOPMENT
IN LITERACY-TRAINING IN THE AIR FORCE

Steven D. Groff

Air Force Human Resources Laboratory

Before describing the current efforts in the Air force's R&D program
in the areaof literacy training, it would be useful to note how the
present training program is conducted and to gain some perspective on its
effectiveness. All recruits are administered.a locally developed fifteen
minute reading test (designated RJS-1) upon:their arrival at Lackland for
basic military training. Those scoring below the sixth-grade.level and
all Mental Category IV personnel (those scoring below the 31st percentile
on the Airmen (lialifying Examination), regardless of their performance on
the RJS-1, are then administered the California Reading Achievement Test
(CRAT). Those scoring below the sixth-grade level on the CRAT are,

assigned to the Reading Proficiency Unit for a period of up to eight weeks.
In the proficiency unit the airmen's.time is split-between half a day, of
reading trainingand half a day of the usual basic military training.

The first week is spent in a conventional classroom setting working
on work powerand phonics. At the end of the week a diagnostic,test is
administered and the result's used to guide the person's progress through
the remaining seven weeks of the program. This latter portion of the

. course is self-paced and relies primarily on the SRA (Science Research
Associates) Reading Series material, though other materials, such as
McGraw-Hill and Readers' Digest, are available. Placement is automatically
at the fifth-grade level and everyone is required to progress through the
seventh-grade level materialsbefore being eligible for early release from
the Reading Proficiency Unit. Having achieved that point, tl students
are given the alteraate form of the California Reading Achiev, Aent Test,
and, -if theyscore.at the sixth-grade level Or higher, they are channeled
back into full-time basic military training. If they do not achieve that
criterion level, the:' remain in the proficiency unit and are provided
wiLh additic.nal.training. At the end of the eight weeks, two courses of
ocio are open for those who do not achieve the sixth-grade level. Either
they are separated as having "limited potential" or, if the spqcific
situation warrants, they are maintained'in the unit for.two additional
weeks. This latter course is at the discretion of the unit commander. and.

0 is used in roughly three.percent of the cases.

Of the 439 entrants into the program in 1.7 74, 103 (23.5%) were
discharged for reading problems, and Tee additional 63 (15.5%) were

- discharged for "other reasons." (The general attrition rate for basic
military training ir. FY 74 was 7.7%.) The average length of time a
recruit stayed in the Reading Proficiency Unit. was 23 days, and the
average grade level improvement was 1.8 (Nath, 1975).
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Once out of basic training the airmen proceed either to technical
school for anywhere from one to thirty weeks of training,' or to a direct
duty assignment. In 'terms of the reading improvement program, assignment
to technicarschool merely delays the next step of the process. When a
man with an AQE of less than 60 arrives at his first permanent duty
station; he is given whatever reading test is locally available. If he
scores below the ninth-grade reading level, he is automatically enrolled
in the reading program offered by the base education office, and supposedly,
'continues until he achieves a ninth-grade reading level. Even though a
person may initially test above this criterion, he may be required to
enroll in the reading program if he has tronble completing upgrade train-
ing and/or.his supervisor somehow determines that his problem is one of
reading. These base-level (local) programs vary rather'dramatically
since the requirement is only for their existence. As a result, programs
are established.on the basis of what is available in the community; this
may be a transplanted public high school/GED course or it may be a course
provided through a special contractual agreement with a university or
other institution.

There is no easy means of tracking all the existing reading programs,
but it seems reasonable to make the generalization that the typical
approach has a very traditional orientation. Such a program i conducted
at Lowry AFB, Colorado, through an arrangement with the Denver Public
School System. The program is essentially indefirdte in length since any-

, one who desires to attend the twice-a-week class meetings may do so for
as long as he likes. Roughly an hour of the class is spent in lecture/
participation format covering phonics, work attack skills, and the like.
During the second hour the students work with SRA materials and receive
individual tutoring as required. Pcrio:lically, testing is done to
4n6mmatty track progress.but no permanent records are maintained.

The extent to which these programs attempt innovation is quite limited.
The Education Services Office at Kirkland AFB, (Mr. Illes, personnel,
communication), for example, has instituted an eight-week program under
contract with the University.of New Mexico. Of twelve hours of instruction
per week, Zour are in the area of study skills, involving the use of
dictionaries and orientation trips to libraries. Two hours are spent in
group counseling sessions (a rather unique feature) and the remainder of
the time is spent in other reading a,..Livities using Air Force Career
Development Course materials. During the first six weeks, heavy emphasis
is placed on phonics because of an apparent need for such training. The
final two weeks are spent building.on this background by having the group
read aloud plays which are then discussed and which serve as a vehicle for
further skill,develdpment.

IS THERE AN AIR FORtEjITERACI .PRZBLEM?:

Concern has been expressed at the 1972 and 1973 World Wide On-the-Job
Training Conferences by supervisors and training managers that reading
problems are proving (letrimental to the conduct of training. Their
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position appears to be supported by some recent research. As a result of

a survey by Mockovak (1974a). it was found that 5,774 airmen participated
in base-level reading programs between 1 April 1972 and 1 April 1973 and
that the most frequently cited reason for enrollment was the inability
to read and/or comprehend Career Development Course material (that is,'
those self-study materials required for skill upgrading and.promotion).
In addition, base .:Aucation officers reported that, on the average, fifty
percent of those enrolled in their reading programs were high school
graduates, and that eighty-four percent of those enrolled represented only
ten career fields. Thus, there is the further indication that the more

highly educated people within the Air Force manpower pool are not all
adequate readers. In absolute numbers, the existence of a "reading prob-
lem" appears to be a legitimate concern,particularly if one realizes that
the turntAer of personnel is-a long-term process and that enlistment
criteria are likely to fluctuate downward from the January 1975 level.

.

Mockovak (1974b) studied the literacy skills of AF personnel and the
reading requirements imposed by AF training and job materials. Mockovak

estimated the reading ability of three- and five-skill'level personnel
using the Madden and Tus (1966) regression equation for AQE (Airman
Qualifying EXaminat1e2: scores, and also estimated reading requirements
using the FORCAST (Cayiar, et al., 1973) readability meauue. Identifying
-the reading'requirement level as that Reading Grade Level (RGL) below

which seventy-five percent of the material fell, be compared this require-
ment level to the mean RGL of AF personnel by career ladder. This calcu-

lation resultee in a "literacy gap." .Of the 56 ladders he studied,
Mockovak found forty-three to have a negative gap (i.e., a reading require-
ment of materials exceeding the mean reading ability of those who were
expected to, use them) . Of these forty-three, twenty-nine had a negative
literacy gap greater than one, seventeen greater than two, and four
greater than 'three; thus, thirty percent of Mockovak's sample had a nega-
tive'literacy gap of greater than two reading grade levels These results

tend to confirm some of the incre'aSingly frequent comments by training
managers that reading problems are having a detrimental impact on the

on-the-job training program. However, it is useful to nnre that these

data do not Indicate that a specific preblem exists or what the operational

consequences of the subjectively defined "literacy gap" are.

Other data which provide 4n important perspective on the scope of the
problem, and suggesr that it may be underestimated, were compiled by

DeGuelle (1974). He compared performance of airmen scoring at the ninth-
grade (the ceiling) on the USAFI III reading test with their performance
on.the SRA-Diagnostic Reading Test, Survey Settion, Upper Level, (grades
seven through college freshman year) Form A. (Within some AT commands

the USAFI is widely. used). Using ninth-grade norms on the voeabulary

portion of the SRA, 24% of the testeeswere identified as having reading
deficiencies; on the total comprehension test, 227 were identified as
deficient., Using twelfth-grade norms, 68% of those tested were deficient
in,voCabulary,. and 70% intotal comprehsnsion. DeGuelle's operational
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definition of "deficiency" on the SRA was the achievement of scores at or
lower than the 30th percentild.

This suggests that estimates of the number of persons. with generally
inadequate reading skills are likely to be low. To what extent the same
can be said of job specific reading skills is unknown.

A final consideration before progressing to the current AF R&D in
literacy training is the recent change in enlistment standards which
will surely have some effect On AF reading training, particularly on.the
operation of fhe Reading Proficiency Unit described earlier. In January
1975 the enlistment standard was raised.to a General Aptitude Index (GAI)
score of 45 with a composite of 170. Shortly thereafter the Air Training
Command (ATC) initiated a 9.0-day data collection effort at Basic Military
Training at Lackland AFB. A forty-percent.random sample Of recruits was
administered the California Reading Achievement Test. A total Of 5154.
non-prior service personnel were tested. Forty-three percent of those
tested scored at the thirteenth-grade level and only.3.7% scored below
the ninth grade. (The officially recognized standard for reading ability
is the ninth grade.) The mean reading grade level was 12.1 and the
staadard deviation was 1.6. Assuming this enlistment standard is main-
tained, no one with A GAI less than 45 should be entering the system, the
expected result being that there will be essentially no one below the
ninth-grade standards.. This is an important consideration in planning
the direction of AF reearch. At the .same time, though, historical
trends suggest that entrance standards are likely to fluctuate in the
future (Dailey, 1951; Lecznar, 1962; Vitola, Valentine & TupeS, 1967);
with the current high standards, that fluctuation will be downward.

CURRENT LITERACy R&D IN THE AIR FORCE

Research and development in the AF has only recently begun to con-
sider in a systematic fashion the area of literacy training and two major
efforts are currently ongoing.. The first of these calls for the develop-
ment of a literacy assessment-battery and is based on Sticht's auding-
reading model (Sticht, et al.., 1974).

The rationale for the literacy asSessment battery:lies-in the basic
processes involved in the acquisition of language. As a person moves from
an initially pre-linguistic stage and interacts with his environment, he
begins to develop auding and speaking skills. These aspects of languaging
continue to develop as the person enlarges his conceptual base and begins
to make associations between written and spoken language. As the person'
progresses through the.early years of school, he begins to acquire.those
skills involved in reading and writing; up until about the eighth grade
(that is, through stage 3 of Sticht's model) a person's oracy skills
generally surpass the "literacy" skills of reading. and writing: At about
that point the person has generally acquired the prerequisitr, decoding
skills which permit the oracy-literacy gap to narrow, after which the
skills then deyelop simultaneously.
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The extent to which cognitive content and pxocesses have developed
is a constraint upon the acquisition of further oracy and literacy
skills. Also, within this framework, the development of literacy skills
is limited at any,given time by the current level of.oracy skills as
well as the degree of mastery of decoding skills. The corollary to this
is that, practically, one can only hope to improve literacy skills up to
the level to which oracy skills have been developed.

It iS upon this proposition that the- Literacy Skills Assessment.
Battery is being developed. It is intended primarily for the screening
of persons with a reading level of eighth grade and below,.and currently
is composed of three sections:, paragraph comprehension (with auding and
reading components), vocabulary, and tracking. The first section will
yield a .''potential" scpre indicating the discrepancy between the perr_:on's
auding and reading skills. The latter two sections fulfill an essen-,
tially diagnostic function (for decoding, vocabulary, and automaticity)
for problems that surface in the first section. The Literacy Assessment
Battery is being'designed to overcome the shortcomings of currently
available types of reading potential tests (e.g,, the Diagnostic Reading
Scales and the Durrell Listening-Reading Series) and its advantages over
these tests are that 1) it, is adult oriented, with the passages drawing
upon experiences familiar to young adults; 2) the questions are passage
dependent and open ended; and 3) the vocabulary section is keyed to the
comprehension passages.

In light of the previously noted inadequacy of some general reading
tests, it is hoped that this new Literacy AsseSsMent Battery will prove
useful in conventional reading development programs, as well as in the
-job-oriented type program, which constitutes a second area of. current
Air Force research.and development.

In view of Mockovak's literacy gap data and apparent problems with
the Career Development Course materials, the Air Force Human Resources
.Laboratory (through a contract-with the Human Resources Research Organi-
zation, liamRRO) 'is now developing a prototype job-oriented reading
program for the Air Force. The approach being taken is to identify job
reading tasks that are commonly encountered on the job and in the self-
study job training materials, and then to train those re,:ag skills
that are required to accotplish the tasks. A similar approach has been
used to decelopa functional job reading program-for the Army (Sticht,
1975b); however, the nature of the.Army's problem is rather different
than that of the Air Force:, Evidence for this derives from the fact-
that substantial Air-Force technical training already involves .procedUres
on such tasks as hoW to fill Out forms and locate information in manuals:
tasks which are taught in the Army's FLIT (Functional Literacy Training)
program. Also, data has been collected by Dallman (personal communica-
tion) on HumRRO's Mechanic Job Reading Task Test. Dallman administered
the test to thirteen airmen.prior to their entrance into the vehicle
maintenance course at Chanute AFB, Illinois, and found, that seven persons
scored in the highest possible categbry and the range of scores 'was quite
narrow, llth-14th g-rade levels._ Thus, there is theindication that
attention mast be Eocused on the higher level.eomprehension skills.
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It is anticipated that much of the materials developed as part of
this effort will deal with teaching airmen to perform transformations
on textual materials, such as transforming connected prose into flow
charts, classification tables, and pictures, in such a way as to more
completely understand the materials. The working materials will be
extracted (andoften modified) from Career Development CotArses-and
Technical Orders; Materials will.be.developed for use within one or two
clusters of two or more career fields. If two clusters are eventually,
produced, one will represent a maintenance (aircraft maintenance and
,repair) and the other a non-maintenance (adminioL.:ation/personnel) area.
If the prototype program is successful, it is 11k2.y that additional
modules will be produced for at least those career fields that are
experiencing the greatest problem.

Specially developed job-oriented reading programs such as antici-
pated here are one approach to AF reading problems and the typical lack
of motivation that they inspire. It is conceivable that such a.program
could iunction as a .vital part of a total career education program. A
Reading Proficiency Unit located at Lackland AFB. might function in a
manner similar to : -)resent wod for those recruits of low basic read-
ing skills; the job- .iented program could exist as a next step and'con-
centrate on improving the conceptual behaviors of the airman within a
job context; and finally, a reading/GED-type program could provide
access to that higher level of skill which is only attainable over rather
lengthy periods.

Closely related to the job-oriented reading program's emphasis on
conceptual activities is the consideration of ways in which these
acLivities may be made more efficient. The study to be described here
.has been c:)mpleted relatively recently by Dansereau, Long, McDonald,
Actkinson,- Ellis, Collins, Williams, and Evans (1975).

The rationale for this study derives from findings that instructional
techniques and sequences of information presentation have very little if
any, ..impact on subsequent performance (DansereaU, Evans, Wright, Long, &
Actkinson, 1974; Dansereau, Evans, Actkinson, & Long, 1974). Also there
is the suggestion by Dansereau, Long, McDonald, and Actkinson (1975) that
the effective learning strategies which facilitate a flexible approach
toward the learning task may be a prime source of student problems.
DiffiCulties in comprehension and retention were viewed as stemming from
two sources: "first many students tend to receive information passively
and consequently do not actively integrate it into their existing cogni-
tive structures...(and) second, many students apparently do not attempt
to produre multiple memory representations (that is, encodings) of the
same maL,frial in order to enhance retrieval" (Dansereau, Long, McDonald,
Actkinsoo, Ellis, et' al, 1975, D. 12).

Following this reasoning, instructional materials were prepared for
three techniques that, when used by the student, were expected to aid
comprehension and retention: qUestion and answer, paraphrase, and visual
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imagery (see Dansereau, Actkinson, Long & McDonald, 1974). Each package
also contained a section on information retrieval. Each of three groups
of subjects was presented with a different technique package and trained
and tested in a series of four sessions totalling about seven and one-
half hours.

Analysis of the resvlts shows no performance differences on the
immediate.post-test, which consisted of 80 true-false, multiple, fill-in-
the-blank, and short answer items. However, the paraphrase and imagery
groups performed significantly better than the control group when given
an "essay type" test five.days after reading the assesmnent passages.
Eased.on the findings and recommendarions of this effor- it is anti-
cipated that this area of.study will be pursued using j-related mate-
rials b7Jth within the conventional and job-oriented training programs.

In summary, then, the current Air Foree research program in literacy
training involves the identification of those persons who would most
likely benefit from further training and the development of a relatively
short-term program to train techniques which facilitate the comprehensicn
of lob and training materials. Both efforts described with respect to

..this latter categoryc-rely heavily on .the.manipulation of the forms of
informational representation;.such manipulation, rheoretically, will aid
the integration of new material with existinvcOgnitive content. A
definitive evaluation of.the success of this approach awaits both the
development of the job-oriented reading program and, in the longer term,
a valid method for evaluating-the operational consequences oT the
"literacy gap."
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COMMENTS ON THE PAPER BY GROFF

Samuel GibbOn

Children's Te:Jvfsion Workshop

Gibbon based his comments not only on Groff's paper, but also on
the other papers:and discussion at the Conference He exPressed his
point of view that the Armed Services appear to be proceeding with
enlightened programs of researth and development towards closing the
gap between reading skills of personnel and reading demands of jobs.
However, these ServiceS at times have had the option of screening out'
many of.the.people who do not.measure up to theirrstandards. The
choice of selectioh standards and thetesulting implications for the
marginal citizen may rdquire same concern by all of us about the role
of the Armed Services in society. For instance, the view had been
expressed in some discussibns that the criterion for determining the
effectiveness of and, need for literacy training in the Army was whether
or not it improved the combat readiness of the Army. Gibbon suggested
another basis on°which literacy training in the Army might be under-
taken: that of the Army as a place which provides opportunity for the
marginal citizen, and that,is a considerable socInl function for that
'Armed Servicd to perform. Re speculated that therDwill be a good many
people who will enter the Army not knowing how to i'ead. well, LE:' offered
his conviction that people who do not know how tb read want: vety much to
learn how! They may conceal hat desite, but they indeed want .Thus,

because the Army has been successful in_teaching many oth,2r it

could, if it chose, 'teach these people who desperately want to learn to
read but have not, how t.o read. Gibbon suggested that there are many
ways in which reading training could be dOne, but pointed to the need
for a values orientation Such that developing,the ability to read a
simple sentence might have the same importance in basic training that
a shoeshine does!

Pointing to the sucpess of television and other electronic media
in providing private ways of learning for people whose shame at their

/ ignorance is extreme, Gibbon suggested that use of such media in literacy
training might be explored in all the Services. Finally, returning to
Groff's paper, Gibbon commented on the observations in that paper which
indicated that the operational consequences of a'literacy "gap" have
not been identified, and expressed his belief that discovering those
consequences might contribute to the program of ongoing research and
development.
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ONGOING RESEARCH AND DEVELOPMENT

IN READABILITY AND USEABILITY OF TECHNICAL WRITING

IN THE ARMED SERVICES
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INTRODUCTION

The preceeding section dealt with cnemiain approach to literacy
problems in the Armed Services-: R&D to produce better readers through
litpracy training. This section deals with the second main approach:
R&D to produce better reading materials.

The section begins with Tom E.'rran's review of readability research
in the Navy. He begins with a discussion of the terms "readability" and
It

comprehensibility" and of the interaction of readability, comprehensi-
bility, and useabilit: with each other and with various characteristics
of.the readers.

Curran discusses both the prediction of readability and the product-
ion of readable writing. The iredictiJn of readability is attempted
thrOugh application of a readability formula. Curran describes the nat-
ure and application of five readability formulas and considers the special
problem involved in assessing the readability of technical material and
the tradeoff between the difficulty of computation of multivariable
formulas over that of one- or two-variable formulas'and the resulting
increase in predictive power. In addition, he discusses non-statistical
methods of measuring difficulty, especially the cloze test measure of
comprehensibility. In describing the process of producing readable
writing (including the role of prediction), Curran discusses the role of
style guide and military specifications. He describes several automatic
and computerized systems which can be used to aid the writer by automating
the process c- prediction.

The focus shifts to comprehensibility as Art Siegel reviews Air Force
research and development in that area. Such R&D includes attempts to use
auditory supplementation to increase comprehensibility and the development
of new comprehensibility measuremut,concepts which focus on the cognitive
and language processing load wIlich a text places on the reader. Siegel
coneluds with a description of a comprehensibility measurement computer
program.

Dick Kern reports on the Army's R&D efforts not only on the reading
difficulty oF Army literature, but also on its content and orientation and
its useability. Kern describes studies which investigated the relation-
ships between the reading ability of personnel and the reading difficulty
of the manuals they were expected to use, their use of manuals 'on the job,
and the quality of their performance on job sample tests. He reports on
research which indicates that Army training literature in tha ?ast has-not

.

always been oriented toward its users, both in content and in orientation.
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The Army is attempting to deveiap more user-oriented literature,.as
indicated by a user-oriented approach in a guidebook for.Army writers and
by the user-oriented publications of CATB. Related to the question of user
orientation of a manual is the question of its useability. As Kern
reports, most pest evaluation of manual effectiveneas ha,s been in -the
context of entire training programs. Kern Suggests that future research
on the useability of printed material focus on the identification of char-
acteristicS of printed material which influence useability followed by
the development of methods.to assess useability of materials.

Much of the Air Force R&D on the useability of job reading materials
haS been connected with the development and evaluation of job performance
aids which are various printed materials designed to enhance on-the-job
performance, especially of maintenance and troubleshooting tasks. In
reporting on those efforts, Robert Johnson discusses specifications for
t;he development of useful job performance aids (i.e. the steps to take
to ensure the development of useable data) and the resulting character-
istics of the completed .JPAs which contribute to their useability.

Job performance aids have alsoAbeen a part of the Navy's R&D on the
useability of technical manuals. Bill Muller, in his reView of current.
Navy research on useability, graphically shows the increasing magnitude
of the production of technical manuals. He discusses the keyelements in
the Nav30s technical documentation system and some of the problems of the
system.with regard to the development of useable technical documentation.
Muller concludes his report with a review of four ongoing cffcrts which
attempt to provide:assistance for the technical writer.
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READABILITY RESEARCH IN THE NAVY

Thomas E. Curran

Navy Personnel Research and Development Center

A great deal of concern has recently been voiced witti regard to.the
quality of instructional and maintenance manuals in the Navy. Men, both
on the job and in the classroom, have tended to have problems using
manuals due to the difficulty of both text and graphics, inadequacies
in content, lag time in updating, etc. The thrust of this paper is with
the first of these deficiencies, but its concentration differs from that
often found in work on'readability. Readability, per se, is not,a diffi-
cult problem if one assumes as its operational definition a "readability
formula score.". As measurz!.d by readability formulas, almost anyone can
write readably. One simply uses short words and short sentences. Given
these, the "readability" of the material will be at a high ("easy").1evel
when indexed by the most common formulas. Obviously, this is a simplistic
view, particularly for technical.writing. Technical writers (who encom-
pass nearly all writers preparing Navy materials) cannot always obey the
dictum to use short words. What "easy" word can be substituted for
"oscilloscope," for example? But even for these writers, readability need
not be a severe probleM. One must merely modify the above prescription
to say "use familiar words and short sentences" and modify the readability
assessment'procedure so that Zong familiar words do not inflate the reading
grade level (RGL) of the material. A major part of the R&D effort in the
field of readability should therefore be directed at identifying long words
which are known to be familiar to the intended audience and effectively
transmitting this information to .the writer. This topic will be discussed
in other contexts at a later point.

There is a second characteristic of writing that deserves special
attentioncomprehensibility. There seems to be some.misapprehension
in the literature to the effect that high readability ensures comprehen-
sibility. Only if readability is taken to include.good "style," smooth
flow of ideas, avoidance of complex sentence structures, etc. is this
the case. Note that this represents a rather drastic departure from the
operational definition of readability suggested above, and, in fact,
closely resembles the accepted definition of comprehensibility. But the
position is taken here that they are clearly two different.concepts. At
this point in time, readability formulas cannot adeqdately assess charac-
teristics.such as style and sentence structure. It is true that read-
ability and comprehensibility often go hand in hand. The nursery rhyme
"Mary Had A Little Lamb" is written at a very low level of difficulty,
and because of the structure of its sentences, its simple words and iLs
easy flowing style, it is.also quite comprehensible. But examine the

169

177



other extreme.(unlikely as it would be coming from any rational author).
If the words in the rhyme were "scrambled," with the length of sentences
left intact, its readability score according to.formula would be identical
to'that of the-original version. Yet.its comprehensibility would be

reduced enormausly. In between these two extremes fall countless examples
of writing which vary along each of the two dimensic'..s. In short, compre-

hensibility, like readability, is a property of the wTitten material, and
I./hen the work is done carefully the two are at least moderately correlated.
But it would seem. prudent to continuously bear in mind that the former
cannot be directly assessed by means of existing formulas.

To further complicate the issue, there is really no point in speak-
ing of either readability or comprehensib41ity.unless the intended
audience is taken into account. TwO characteristics of che audience
(other than general reading ability) are of prime importance: the back-

ground knowledge possessed,and the.degree of motivation involved. The

adult reader-faced with the scrambled version of "Mary Had A Little Lamb"
might comprehend it reasonably well becauSe of repeated exposure to it
in the past, and might find it to be a stimulating (i.e., motivating)
puzzle-solving experience. The saMe strings of words seen by a child for
the first time would probably be incomprehensible, even tt:ough r.he
individual words themselves could be. decoded.

Lest one be mislead .by the -above statements, it should LE made clear
that readability is NOT a trivial issue. It is a neccr:sary, but not a

sufficient condition for high-quality.manuals. All other factors being
equal, COMPREHENSIBILITY requires high READABILITY, and one step removed,
USEABILITY requires high COMPREHENSIBILITY. If a manual is not readable,
the student or technician will not even attempt to use it once he has
been stymied by its difficulty at the outset. He probably.will avoid
it from that time on, just as would anyone presented with a tome replete
with long words which he cannot decode.. B..:* to be readable is not enough.

If the manual is not also comprehensible, the man possibly will not be
able to use it despite his need for the information it contains. And the

problem again is not even that simple. Material can be virtually unread-
able according to a formula score and yet one who is vitally interested
in the topic and/or needs the information regardless of the effort
required to obtain it may slave his way through it despite the writer's
opposition.

The interactions among. readability, comprehensibility, and useability
(all properties of the material) and reading ability, comprehension
ability, motivation, and background experience/knowledge (all properties
of the use2-) should prOvide the overall model for any R&D effort in
improving Navy manuals.

in the third quarter of Fiscal Year l97, the Navy Personnel Research
and Development Center (NPRDC) was tasked to.investigate the area of the
readability and comprehnsibility of technical manuals (iMs. An
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extensive survey of the literature was undertaken to determine the state-
of-the-art in this area and r.port findings (Curran, 1976). The con-
clusions of thiS author were that-the area of readability and Compre-
hensibility has been covered in breadth but not in depth. A dilemma
appears to have evolved. Formulas can be applied efficientlyautomation.
has become the rule--but it is possible that only judgments of the mate-
rial by the readers can provide an index of its comprehensibility.

PREDICTION OF READABILITY

This author makes the distinction between prediction of readability
and production of readable writing as put forth by Klare. (1975). This

section deals with the first of these problems while the following
section deals with the latter and the j.nteraction between the two.

Readability Formulas: General

The most common method for predicting the difficulty of a given
piece of material is the readability "formula." A great many of these
have been developed,, with the majority using as variables some index of
sentence difficulty and indiVidual word difficulty. Reviews of these
formulas up to 1960 can be found in Klare (1963); Klare (1974-1975)
reviews those developed after 1960 and modifications to earlier ones.
Reference in this paper will be made to only five such formulas: the

FORCAST formula, the RIDE scale, the Fog Count, the Flesch Reading
Ease (RE) formula, and the Dale-Chall formula.

In general, the prediction of readability by formula involves
"Counts" of various components of written material.and, using passages
of known difficulty as criteria, computing a.regression equation on the
counted characteristics. Commonly, the criterion passages are developr,
using the "cloze" technique. This procedure, which is of concern
out this paper, involves extracting verbatim passages from the materi;-.7
and deleting every nth word, replacing each with blanks of standard
length. Normally, every 5th word is deleted, resulting in five vr
of the test for each passage (deletion of words 1, 6, 11, n,

10, 15 ... n). Thus, each word in the passage is deleted once acros
five versions. . Subjects of known reading ability are asked to fia)
as many of the deleted words as they can, without having first reac.
intact passage. The reading level at which 50% of subjects can fill_
approximately 40% of the missing word's is usually taken a'; the readi
grade level (RGL) of that passage.1 This "scaled" RGL is then used
the criterion for regression of the counted variables.

1
RGL Is comparable to, but not equivalent to, school grade; .t is a suro.e-

what arbitrary level at which a paT:_lcalar grade student shouLd be able
to read with satisfactory comprehension. 40% correct.cn the doze test
has been shown :.., be.approximately equivalent to a 757 s, )re on a
multiple-choic test on the material.
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As an example, Bormuth (1969) used this procedure for deriving L.
number of readability formulds. He examined, in an extensive correla-
tional study, approximately 170 different variablessuch as vocabuL,ry,
syntactic complexity, and parts of speechand their relationship to i-he
difficulty of written material. He first determined the correlatioa
each of these variables with the difficulty of 330 100-word passages as
scaled with the cloze technique. He then entered the variables tni..o a
regression.equation to determine which of them in combination bes
dieted the difficulty of the passages. The outcome of this stu;- .-.1s a

series of formulas, each designed for a different purpose, incorp..,:sting
the "best" of the variables for predicting the difficulty of othex writ-
ing.

The Flesch "Reading Ease" Formula

Probably the most widely used (and most consistently powet:1:) of
the readability formulas is that developed by Rudolf Flesch (194b..
This formula-termed the Reading Ease (RE) formula-uses aS valables
the number of words per sentence and the number of syllables.per 100
words of text. The original RE formula is presented in Table L. This
formula was developed in much the same manner as described ::bc,.re, except
that the criterion was a set of standardized passages raLh jan passags

.normed for the specific purpose by the cloze technique. The formla
indexes the difficulty of material on a-scale from 0 (practic-d_l
able) to 100 (extremely easy). Using this index, the RGP, e.n d.i
mined from a conversion table. The RE formula was developed and velidd
on children and civilian adults, with reading material appropriate r6
thesrt samples, and its usefulne3 for assessing the difficulty n niltary

or inptructional writing is therefore suspect. In ordr ;o
oJerc.ome thL problem, Kincaid, Fishburne, Rogers, and Chiss::2
recalculated the formula using Navy enlisted personnel readiitg job-
relevant literature.2 In the process of this recalculatic.1, RE formula
was also revised to produce RGL directly without having the extra
step oE coni;erting "reading ease" to RoL via a convers1c ble. The
recalculated version of .the RE formula is shown in Table The RE
forllnla has the advantage of heing ratively simple to cmpute manually
and is adaptabe to auLomation as well. Klai:e, Rowe, St. John, and
Stolurow (1969), among othets, have developed a computer program which
provides the RE index baed on the -,riginal Ylesch fo-mula. It remains
a fairly simple task to revise, the program for the Lecalculated version
of the formula.

2
These authors also reCalculn'ed two other formulas- the tomated Read-
ability Index and the Fog an.nt--which will be acldressed at a later
point.
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TABLE la

ORIGINAL FLESCH READING EASE FORMULA

READING EASE = 206.835

- 1.015 (wordspi(!lt&w)

- .846 (syllables/100 words)

TABLE lb

RECALCULATED FLESCH READING EASE FORMULA

GRADE LEVEL = .39 (words/sentence)

4- 11.80 (syllables/word)

- 15.59
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RECRUIT READING ABILITY (N=21,000) vs RIM DIFFICULTY (N=185)
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Application of the Reading Ease Formula

Based on its consistent validity when compared with'other formulas
and its relative ease of manual computation, the Chief of Naval Education
and Training Support "Readability Working Group" conducted an analysis of
all Navy rate.training Manuals (RTMS) to determine their difficulty
using the RE formula. Biersner (1975) reports on this effort. He analyzed
195 Navy RTMS, using both the original Flesch formula and .the revision by
Kincaid, et al. (1975). (As with Hiersner, this formula will be referred
to herein as the Kincaid formula.) Biersner's work illustrates vividly
the imPortance of the prediction of readability in general and- to the
Navy in particular.. Bear in mind, throughout the discussion to follow,
that RTMS are a major source of information required by Navy personnel
for advancement in rate. Twenty-five samples were taken from each of
these manuals, their difficulty was determined, and the average for the
entire manual was computed. Considering only the Kincaid formula (which
is considered more appropriate for Navy writing), the range of difficulty
of the 185 RTMs was from an RGL of 8.82 (for Basic Machines) to one of
16.26 (for Disbursing Clerk 1 & C) with a median RGL of about 12.6. That
is to say,50% of the RTMs were written at a level of difficulty (as
indexed by the formula) such that a "beginning college reading level"
would be required to understand them. This should be int.erpreted with
caution, however. There is no one-to-one correspondence between the
difficulty level indicated by a readability formula and the ability of
a person to profit from the written material. Biersner makes this point
when he says, "...the relationship between RGLs (as.determined by any of
the available readability formulas) and reading comprehension or per-
formance effectiveness is not well established, despite the importance
of reading to the development of most other skills" 03iersner, 1975, p.7).
It may well be that the mere presence of a Navy recruit in the naval
milieu may be sufficient for him to comprehend the necessary element's of
the RTM required for advancement. But this does point up the issues
raised in the introduction. A formula can index the readability of mate-
rial, but (at least as yet) no formula can index its comprehensibility.
It s clear that the value of writing can be accurately determined only
from within the framework of an overall moder- the readability and the
state of the user in terms of motivation, background knowledge and
experience, etc. But at face value, assuming all other factors to be
equal, the comparison between the RGL of the'manuals as reported by
Biersner and the reading abilities of recent Navy recruits (see Duffy &
Nugent, 1975) shows a quite apparent "man-manual mismatch." This com-
parison is presented in Figures 1 and 2. Figure 1 indicates the full
range of the RGLs of the RTMs from the one manual at the 8th-grade RGL
to those at the 14th and above. Reading abilities of recruits (as
measured by the Gates-MacGinitie test) are shown for the same intervals.
The fact that no reading abilities are shown for levels above 12th grade
is an artifact, due simply to tte fact that the ceiling for this te8t is
at the 12.0 level. Figure 2 presents the same data in a different
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perspective. Here, reading abilities are indicated by percentages fram
grade 4.0 Land below) to grade 11.0 (and above). All RTMS whose dif.a-
culty exceeded 11.0 according to formula score are bulked into the
latter interval. Noting the cumulative percentages (again at face value),
it would he-possible that approximately 24% of these recruits could read
only one RTMthe single manual in the sample below the 9.0 level. To
interpret further, approximAtely 82% of the RTMs are Written at the 11.0
level or above; only 45% of the recruits were tested as reading at the
11.0 level or above.. And one further illustration of the mismatch (not
indicated in the figures) deals with the manual Basic Military Require-
ments. The RGL of this manual is 10.85. Knowledge of its contents are
required for advancement to E-3. Yet its difficulty level is approxi-
mately the same as the median reading level of the over 21,000 recruits!
It is possible that 50% of the,entire sample would not be able to read
this manual. Clearly, our ability tc predict the difficulty level of
written materials is of immense value. The data discussed above gives
us every indication that certain RTMs should probably be revised downward
in difficulty level unless reading abilities can be increased.

In addition to the striking findings reported above, another feature
of Biersner's work deserves mention. As noted earlier, the computation
of the reading ease formula involves a count of syllables, words, and
sentences. While this can be accomplished relatively simply with nothing
more than a paper and pencil, Biersner reports on a device which greatly
facilitated the giant task of his analysis. Biersner directed the devel-
opment of an electro-mechanical counting device which would permit more
rapid and reliable gathering of the data. This,device took the form of
a "stylus" which, when pressed. to a surface, trips a microswitch, which
in turn activates a counter. A relatively unskilled person using this
device can therefore press the stylus to the working copy at the end of
a syllable, word, or sentence, and that variable would be indexed by the
counter. Biersner reports that "...it made data collection over 30 per-
cent faster, while maintaining high reliabilities" (Biersner, 1975, p.
17).

Technical Terms and Measurement of Difficulty

A major problem with most readability formulas (as alluded to above)
is that they were developed and validated using either school children
or civilian adults. There is good reason to believe that the abilities
of a child reading at the 6th-grade level (for example) and of a Navy man
also reading at the 6th-..grade level are quite different. Again, the
military environment itself may be expected to account for perhaps great
differences in the words with which the person is familiar. This problem
is even more acute when one is concerned with technical writing. Since
word difficulty is usually indexed in terms of the lengtil of the word,
the technical terms encountered on the job will tend to inflate read-
ability formula scores. Yet is is probably nonsense to assume that an
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.. electronic technician would be unfamiliar with the word "oscilloscope,'
Traditional formulas have not addressed this problem directly, and y.,t7
they must. This is central to the ongoing theme of this paper. 'The
fact that a readability formula indexes.a piece of writing as "easy"
or "diffitult" does not ensure that it wilIappear that way to he
intended user. Two questions seem. to be at issue here: to what degree
do technical terms inflate the analysis (since they seldom exceed about
15% of the total number. of words), and, if indeed they are a problem,
by what means can the difficulty of technical writing be realistically
indexed? The first of these questions is a:basic empirical one, and
shduld be answered before proceeding with R&D involving the second
question. Additional formulas, and measurement considerations not
involving formulas, will badiscussed below; taking these R&D priorities-
into consideration.

The FORCAST and RIDE Formulas

Caylor, Sticht, Fox, and Ford (1973) made an attempt to allay the
problems of using formulas derived from civilian samples in determining
the difficulty of military writing. They examined a total of 15 struc-
tural variables in Army training literature, including words per sentence,
number of independent clauses, number f one-syllable words, and total
number of syllables. They were also dissatisfied with thatraditional
readability formulas for use with military writing:

The fact that formulas have validity coefficients of about
.70 for predicting the performance of schooZ children on reading
comprehension tests indicates that they account for roughly 50%
of the variability in reading performance of children. It is

likely that they may account for less variability in adult per-
formance, especially since material containing large numbers of
technical terms would increase the estimate of difficulty made
by the readability formulas. (Caylor; et al., 1973, p. 6.)

They therefore examined job-relevant matLrals from seven military,
occupational specialties (MOSs) in the Army, using scaled RGLs of this
material (based on the cloze test) as a criterion, and computed regression
equations with the 15 variables. They found that the number of one-syllable
words alone correlated .86 with the criterion cldze scores, and that the
addition of either one or two additional variables to the equation
produced no significant increase in this correlation. They therefore
included only this variable-number of one-syllable words-in their
formula, which was termed "FORCAST." This formula became:

FORCAST RGL = 20 number of one-syllable words
10

186

17k



Based on their results, and considering that this variable is probably
the most simple count to achleve reliably, the rationale for recommending
the one-variable formula seems sound. It should be noted, howeverr, that
others have found that the addition of a sentence-length variab10' adds
considerably to predictive power. Kincaid, et al. (1975), for example,
found that the addition of a sentence difficulty factor to the word
difficulry variable increased the "cOefficient of determination" (indicat-.
ing the degree of Shared variance between the.predicted grade level and
comprehension of the test passage) from 41.6% to 57.2%. This is a sizable

.'increase in power, indicating that the findings of CaylOr, et al. might
be reexamined to determine if the difference in power outweighs the ease
of ,computation.

Carver (1973c, 1974).also developed a single-variable,formula, which
he termed the RIDE:scale (an acronym for Reading Input Difficulty Estimate
czle). Tha variable used in this formula is simply the average number

.3f. letters per work (lpw) in a passage. There are five levels which index
RIDE difficulty: Level 1 (up to 4.0 lpw), Level (4.1 to 4.5 lpw),.Level
3 (4.6 to 5.0 lpw), Level 4.(5.1 to 5.5 lpw), and Level 5 (5.6 lpw and
above). This formula would appear to suffer from the same deficiency-as
the FORCAST formula. That is, it considers only word difficult; and
ignores sentence length. Further, it remains to be seen how this formula
would hold up with technical 1,,ritinz containing long, but familiar terms,
in view of the fact that it was validated on the Miller-Coleman passages
(See Aquino, 1969) using school children. This question should be tested
to determine its validity.

Carver based his work on the flpdings of Bormuth (1966, 1969), which
showe-d that the number of letters per word was one of the highest singZe
correlates of the cloze difficulty of 330 100-word test passages. Accord-
ing to Bormuth (1969) only the Dale "Long List' correlated more highly as
a-single variable than number of letters per word (and that by only .006).
It should be noted, however, that these variables both.deal only with
word length/familiarity,.and do not touch upon sentence,difficulty. It t

has been shown consistently that wordlength or familiarity accounts for
a greater amount of variance than,dces sentence length. If one's major
goal.is to devise a prediction formula zontaining only brie variable,
therefore, the.rationale for the RIM., scale would be sound. It seems
worthwhile, hoWever, to pursae further the potential increase in predictive
power with the addition of a sentence difficulty factor

Bormuth (1969) did go beyond the examination of a single variables
in isolation. He .conducted an extensivedcorrelational study using
approximately 170 different variables, of'which lpw was One. As a first
step, he determined the correlation of each of these variables single with
the scaled.difficulty.level of passages as referred to above. However, he
then went on to determine., using multiple regression techniques, which
of these variables in combination yielded the best predictive power. He
arrived at four basic passage length formulas (each of which was computed
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against four different criteria). Tw.1, of these formulas..(termed "unre-

stricted") employ large numbets, of variakes and'are clearly unsuitable
for other than very sophisticated rwtomai-e0 computation. (Interestingly,

neither of these basic formulas includes low as a variable.) To

exemplify these formulas, and conside.:ing Cle fact that automation
seems obvious to become the rule for th(1 ultimate analysis of difficulty,

the "short form" of the unrestricted formula will be described briefly.
This formula consists of eight"different variables plus the square of
two of these, totaling 10 entries in the formula. The eighil basic vari-

ables are (1) number of Dale Long List words, (2) letters per minimal
,punctuation unit (and its s-quare), (3) number of "referential repetition
anaphora" (and its square), (4) number of numerical nouns, (5) number of
derived adjectives, (6) number of common nouns, (7) number of relative
clauses, and (8) number of "class inclusive anaphora." It seems obvious
that the present state-of-the-art of readability analysis does not per-
mit efficient application of such a complex formula. Its cdrrelation

with the mean cloze criterion (.874), however, is exceeded only by that
of the even more'coMplex basic unrestricted formula (.889). The question
remains (even disregarding computer state-of-the-art) whether these
correlations represent diminishing returns over tho_somewhat lower
correlations of the much more simple.manual and maChine computation
formulasdescribed

Looking at the letters per word variable alone (as used by Carver)
and comparing it to che two Bormuth formulas which include it and other
variables, the results are as follows:

(1) Letters per word alone correlated -.721. with mean cloze scores.
(For the purpose of this comparison only mean cloze score will be examined.)

(2) Letters per word, when combined with letters per minimal
punctuation unit.in the manzue computation formula, correlated .808 with
mean cloze score (and .833 in cross-validation3).

(3) Letters per word, when combined with number of Dale Long List
words and words per sentence in Bormuth's machine computation formula,
correlated .833 with tae criterion (and .920 in cross-validation).

Disregarding the fact that each of the correlations increased in
cross-validation, the addition. of new variables to the single lpw vari-
able resulted in an increase in'observed (or shared) variance of from 14
to 17%. It remains to be seen whether the additional difficulty and
possible added unreliability in.counting letters per minimal punctuation
unit or words on the Dale Long List would offset this rather sizable

3Cross-validation was accomplished by applying the formulas to 20 passages
of 275-300 words each taken from earlier work by Bormuth (1969).
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'increase in predictive power. Carver reporrs correlation's of .93 and

-.94 between the RIDE scale and Dale-Chall aud Flesch formulas, rspec-

tively, using the Miller-Coleman passages as criteria. He concludes that,

for thesc passages, "...there'seems to be little difference between the

predictive qalidity of Dale-Chall, Flesch, and RIDE" (Carver, 1974, p.

12)4. These discrepant findings--both of the other formulas conaider

sentence length and word difficulty or familiarity--remain to be explained.

The Fog Count

The Fog Count, developed originally. in 1953 by. McElroy for the Air
Force and described in a.Guide for Air Force Writing (AFM 11-3), is per-
haps the most simple two-variable formula to compute manually. It involves

simple counting the number of words of three or more syllables, the total
number of words, and the number of senteaces and entering them into a
simple formula. Rather than discuss thc original Fog Count, it would seem
more"appropriate to addresc, the "recalculted" Fog Count presented by
Kincaid, et al.(1975) A,:cording to these authors, the revised version is'

"very similar" to the original except that a different subtracted constant
is used to redress a problem of over-estimation encountered with the
original. The Kincaid, et :21. recalculation was accomplished using 569
Navy enlisted personnel reading material from Navy rate training manuals,
at least some of which was technical in nature. In both the original and
the.revision, long familiar terms are treated specially to .avoid the prob-
lem of their contributing errrineously to the difficulty of tha material.
tor example, "General Eisenhower" (consisting of a totnl of seven
syllables) is considered as one "easy" word for the purpose of calculating

the Fog Count. Other units, such as numbers and some abbreviations are
treated in a similar manner. It would seem that a similar procedure could

e applied in dealing with technical terminology known to be familiar to

the user of a given piece of material. Here a problem enters that is

related to the first of the basic questions posed above. Before the Fog

Count (or any other formula) can be made to take account of such terms, the

terms themselves must first be identified. This is not so easy as one

might first suppose. In the field of electronics, for example, a basic
dictiOnarynf terminology for comprehension of written material could be
obtained from an examination of books in the area. But to whom will this

dictionary apply? Will it be sufficient to have only one such dictionary?
If there is only one, will it apply eqLally as well to the difficulty of

material designed for basic electroni;: training (e.g., "A" school) and the

senior petty officer on the job? Considering these questions, the research

involved would seem to be a difficult, but not insurmountable effort.

4Carver points out, however, on the basis of later work, that the Flesch

and Dale-Chall fOrmulas seem to be "consistently" better than others.
41,
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And once the dictionary(ies) is (are) constructed, there is the question
of whether the additional eftort required in applying them is accompanied
by a significant and practical gain in our ability to gear materials to
the deSired level of difficulty. With regard to the Fog Count, and pre-
suming that a dictionary of technical terms proves worthwhile, the present
advantage of easy manual calculation will probably be reduced. The effec-
tive use of a dictionary of technical terms will virtually,demand the
automation of the predictive device. .The'Fog COunt, in manual form,
however, might even then be of value.for a "rough" difficulty analysis
where.automation is not'available. Reference to a "short list" of, say
the 25 most common terms, 'could be accomplished during a manual count,
and such words treated as "easy" for the purpose of computation. Further

reference to this problem will be made with regard to the Dale-Chall
formula below ane in the discussion of "production" of readable writing.

The Dale-Chall Formula

The Dale-Chall formula (Dale & Chall, 1948) is a two-variable formula-
which s based on average sentence length and the number of words in the
passage not on the "Dale List of 3,000 Easy Words." (This "Dale List" was
compiled by asking fourth graders which of a number- of words they "knew.")
To the best of this author's knowledge,. the Dale-Chall.(D-C) formula has
not been validated in.a military setting. It is discussed here because it
has conSistently been found to be highly valid when compared with other
formulas in non-military settings, and because it offers a "model" for
construction of a technical dictionary or lookup list such as discussed'
above. Again, presuming that the appropriate technical terms have been
identified, such terms could possibly' be simply added to the Dale 1ist4
Then, when encountered in text (since they are on "the list"), they would
be considered "known" or "easy" and not contribute to the difficulty index
of the passage. If research indicates that a technical dictionary does
improve our prediction ability for military writing, the D-C would be

.recommended for use due to its "track record" of validity.

Other Methods of Measuring Difficulty

Theabove discussion has conS-idered only the prediction of readability
by basically "statistical" methods. Mention should also be made of twp
other methods for determining the readability and comprehensibility of
written material. The first of ,these involved a judgment of the quality
of material by persons who read a passage and compare it to some standard
or to their own experience of job reading requirements. Carver (1974)
examined this procedure usiAg his "Rauding Scale." A major advantage of.
'this method over that of formulas is that style, sentence-strUcture, etc. -
can be assessed by the reader, a task which formulas are unable to carry
out. In Carver's approaCh, judges who qualify on the "Rauding Scale
Quantization Test" are asked to judge samPle passages and.categorize them
accordity-. to a set of six "anchor passages." Using the average ral'ing of
three su.', judges, a grade level for the target passage is determined. In

short, C_Irver found the correlations between Rauding Scale judgments and
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the RIDE, Flesch, and D-C formulas to range from .74 to .84. These
moderately high correlations indicate that human judges are taking into
account characteristics of writing similar to those used in calculating
the formula scores. It seems equally obvious, however, that human judges
are considering "something else" in their ratings; what this might be
one can only surmise. Carver (1974) hypotheSizes that .the Rauding Scale
reflects "...the difficulty of the ideas or concepts in a passage," and
indicates when "...choppy sentences and inappropriately inserted little
words" make material harder tap read and understand (than a statistical
estimate would indicate). The major disadvantage of the.use of tr:man
judges in the assessment of readability and comprehensibility is simply
availability-7availability of time and of personnel. For such a pruce-
.dere to be used effectively with the vast amount of material with which the
'llavy is concerned would seem to be prohibitive in the extreme..

Another method for determining the'quality of written material is the
"cloze test" referred to above in the context of readability criteria.
There.seems to be considerable disagreement as to what the clozo test
actually. measures. Some say it measures readability; others use tha terms
comprehensibility, comprehension, or understanding. Kincaid, et al. (1975),
for example, state that "...-subjects were tested for their z4nderotanding
of the selected passages using the cloze procedure" (p. 3, italics added).
Sticht (1975c) says "...the cloze test provides a valid measure of reading
comprehension" (p.20, italics added). A number of writers (iucleding
Taylor'[1953], who developed the procedure) refer to the cloze technique
as a measure of readability.

If the.operational definition of'readability is taken to he the index
provided by a readability formula, the cloze test will n& consistently
measure readability.. The results of a cloze test on the "scrambled"
version of "Mary Had A Little Lamb" (for example) would probably bear
little resemblance to the low difficulty predicted by a formula. Clearly,
this is an extreme case When writing of fairly high quality is examined
there is consistently a moderate to high .correlation betwen cloze per-
formance and readability as predicted by formula. But one would expect,
as the.general "quality" of writing decreases, this oorrelation would
correspondingly drop. It does not seem wise to use as a measuring device
such a "rubber yardstick."

A correlation is also consistently found between doze scores and
"comprehension" or "understanding" It is fairly well established that
.a cloze score of about 40 45% corresponds to a comprehension test score
(after reading the material) of about 75%. But again, can he shown
that there ara limiting factors. This author has cond,tcted a relatively
modest pilot study in which cloze tests were administred on a Single
passage of about 200 words.. Subjects were then dsker to state as pre-
cisely as pOssible what the passage was all about. Inly 3.,:ubjects out
of .the approximately 50 tested was able to prOvide ,:ven a "rea2onable".
approximation of the passage content. Yet the mear cloze sco,e.cver all
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subjects was approximately 40%. This would seem to be at least an indica-
tion that the subjects ware not "comprehending" what they were reading..
It is anticipated that a'follow-up study will examine the differences in
performance when (1) a title descriptive of the content of the passage
is provided and (2) a traditional test of comprehension is administered
following the cloze test. Again, since there are clearly limits beyond
which the.cloze-comprehension correlation will not hold up, should we not
be more precise in speaking about cloze in generan

It is held here that close measures comprlhensi-.5iiiy. Klare,

Sinaiko, .and Stolurow (1972) take a siilr position when they y "...

cloze measures the relative comprehensibility of intelligibility of
written material." To reiterae an earlier statement, readability and
comprehensibility are not one and the same. Comprehensibility entails
such factors as writing style, sentence structure, and expectancy for
familiar words. The first two of these. factors cannot be detected at all
by available readability formulas. The latter can Lc some extent,
although the identificaLion of those words Which ,.2r.2 famiI'a, to a given

audience has not yet been satisfactorily accomplished. Y, ::se factors
(and undoubtedly others, as well) are critical to performate ,!7_ a cloze
test. Multiple "embedding," for example, would most likely cloze

performance to deteriorate greatly. Consider the following

"This is the malt the tat the cat the dog teased kiNel
that lay in the house that jack built."

In this exampl--a syntactic:ally correct sentence with a vlatively
.low level of diffickty according to formulaa person encounta-::ina the
sentence for the first time would iiciy have a very diffiri!lt time with
a cloze version. Style--that undefinable characteristic of writiugwill
cause even greater problems.. There seems to be littledoubt that the
smooth flow of ideas, with-few departures from the "standard" syntax,
enhances the probability that the word which occurs to a reader for a
given "set". will be.the correct one. In short, it is considered that the
cloze test should be considered a supplemen!.; to a readability formula.
Given that' a passage is readable (as predicted by a formula), the close
performance of a set Of subiects similar to the inanded audience of the
passage.should ensure that the material is also conpnhensible.

Assessing Job Reading Requirements

Formulas, judgments, and cloze se( all clearly play a role in
determining the level of.ahility requi:,:d by a user of written materials.
They do not, however, give any indicati, ef the ,:ading ability required
for a specific job or eVen of the readin:i required for that job. The

Navy Personnel Research and Development Center (NPRDC) and the Human
Resources Research Organization (HumRRO) recently set out to e.ek answers

to these important questions. This research effort involves the dirLct
assessment of job incumbents' ability to read and und:staud job reading
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materials It involves a st.ractte.ed interview on the job site in which
the men are asked to report what specific reading they have undertaken
in the previous day or so thlt was directly connected with their work.
.Uhen a man reports that he ..e.ed e. specific portion of a speciiJc publica
tion to perform a specific job, he is asked to retrieve that same infor
mation in the presence interviewer. From this interview rata, a Navy
Reading,. Task Test (NRTT) battery will be constructed, Consisting of mate
rials which job incumbents reported that they actually read, and calling
for the reader to answer questions of the type job incumbents had in mind
when they used the materials. The battery will then be scied on a
sample of recruit personnel of known reading ability but not possessing
jobspecific skills and knowledges. Once the read.ing ability re4uired
for each of the tasks is determined, they will be submitted to job incum
bents for judgments of the criticality of each and the frequency with
which each is performed. The final product will be an inventory of
various typeS of tasks and the reading level associated with eacb. The
inventory can then be used for establishing general readie tenuircaents
for many Navy training or job situations.. In short, the inventory will
make it possible to determine the nature.of reading tasks in a rating,
the criticality of each, the frequency with which it is pefcermed, and an
estimate of the reading ability required in order to perform it.

It can be'seen that, in one sense, this is an alternativa-zo tha u3e
of readability formulas in assessing the difficulty of maturiuls desgned
for a specifie job. It has the advantage, however, of (iatermiuing reading
abilities required for specLfic materials known to be usd on the.job
where:is usirl formulas, ,soma (or perhaps much) of the maturial sampled is
not actuell-y used by job incumbents (such as "theory of opele:tiuo" !or
example). Put another way, the fact that written materiels.is "desgned-
for a particular job does not necessarily mean that it is required to
perform that job. Needless to say, the NRTT method does not supplant..
.the need for formulas, judgments, or cloza tests. When any new mat-:j_al
is sent into the field, it is obviously necessary to ensure, as far
possible, that the material will be satisfactory in terms of readability
and comprehensibility. Whether it will be w3e,1, these tests will not say.
The ultimate test of its useability 'must come from the man on the job. ,

In addition to providing information as to ..he readinq, ability

required to perform particular jobs,.it is hoped that information reg, .ding
"readership" will also. emerge. That is, does a gap between reading.abillty
and difficulty of required job reading materials influence the extent to
which men .report using those materials. In discussing a similar stud:. for
the Army,,Sticht (197.5c) reports that "...the more able the reader, the
greater the reported use of printed materials" (p.52).

Summary

Summarizing the area of prediction of readability and comprehensiW.ity,
it seems clear that not just one, but a number of approaches :Mould be
used to promote high.quality written materials. ReadabiUry. i basic
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characteristic and, in its operational sense, must be assessed according
to a formula- But is not sufficient. The comprehensibility of the
material must be assured by means of cloze tests or human judgments, if
possible. Which formula should be used to predict readability, and which
technique(s) should be used to assess comprehensibility are'still matters
open to question.

PRODUCTION OF READABLE WRITING

General

Fredicring the difficulty of written material "after the fact".is a
major problem, buc equally or more important is the problem of producing
"readable writizg" in the first place. For this latter task there is no
"formula" which one can directly apply. Writing is an ART as well as a
SKILL. While it is Probably impossible to tell someone how to "do art"
there should be some techniques by.which the writer's ski"1/ can be
enhanced. This is the concern of this section, and in general, can be
conceptualized as a three-part problem: (1) Can a writing style guide
be deelripe,A which will serve as a "job performance aid" for good writing?
.(2) Given tat a writer is both skilled and artistic in his work, can
Military Spi.:.cifications be provided him so that his product conforms to
oLr needs? and (3) How can we best provide the writer with "tools" to
ensure that specified standards are being met?

Readability formulas play a part. in the production process, but as
pointed out so clearly by Gunning (196R), "...formulas are tools, not
r:les...warning systems, not formulas tor writing." Production is not
simply the opposite side of the coin from prediction, although the two
prorlesses are inextricably related .The two processes can be thought of
as iterative; one writes, then assesses the difficulty of the writing,
.,:hen rewrites, then reassesses, etc. The interaction between the two
will be examined more thoroughly below in the contexts of specific writing
aids

Research in the area of readable writing does give some cause for
opcimism, but for caution as well. There have been a fairly large number
of .7.tudies which.have shown clearly that experimental manipulation of
writing variables can make a significant difference in comprehensibility.
In general, these experimenters (many of them conducting PhD dissertation
research) have taken original passages and written easier and/or harder.
versions ds indexed by readability formula 'scores. In examining these'
sources; the problem is one of specifying precisely What was changed to make
the readability different. Most have reported that they modified word
and sentence difficulty and little else, presumably because these are the
two variables common'to most readability formulas. Most writers would
argue, however, that such changes are either not sufficient or are too
simple-minded for such a complex task. It is here 'that a word of caution
is in order. There seems to be little doubt that mechanical shortening
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of words and sentences will do little, if anything, other than improve
readability formula scores, with scant chance of improving the reader's
,comprehension. At the extreme, it is clear that a writer with ulterior
motives could certainly produce writing that gets a better readability
score and yet be Zess comprehensible than the original version. It seems
clear, then, that in the research studies mentioned above the modification
of surface variables (i.e., word length, sentence length, etc.) have
incidentally resulted also in changes to deeper (or casual) variab'es.
This is a research question which is virtually untouched and yet wi:Ich is
critical to the understanding of how to make writing more comprehensible.

Style Guides

The first facet of the problem of readable writing as mentioned above--
style guides to aid the writer--would profit immensely from the research
jolst suggested.- The guidelines put forth by existing style manuals are
based largely on intuition, with little, if any, empirical base. It may
Ie that such manuals are of .no help to writers. They have existed in
profusion in our.libraries for years, and yet we are still suffering from
inferior written materials. One must tonclude from this that such guides
are either not used by writers of military materials or that the informa-
tion they contain is inadequate to the task of telling one "how to write."
Information provided this author by Dr. G. R. Klare (personal communica-
tion) indicates that the problem lies, at least in part, with the latter
of these possibilities. Klare reports that in reviewiog 15 source books
.(10 written specifically for,technical writers) the agreement among authors
as to specific suggestions was quite low. The suggestion "use shoz.t. words"
(for example), which one might expect all authors to agree upon, was men-.
tioned in only two of the 15 books sampled. Outright disagreement was
found for such alternatives as "be concise" versus "be complete," and
"keep paragraphsnshort" versus "vary paragraph length." In view of this
apparent uncertainty among "experts" on writing, it is not surprising
that much of our material is unacceptably difficult. It is felt that
progress is being i.ade in this area with the publication of style guides
specifically for the Military writer. Under contract with the Naval Sea
Systems Command, for example, BioTechnology, Incorporated produced a
guide titled "Requirements and Criteria for Improving Reading Coziprehension
of TeChnical Manuals" (Post & Price, 1974). This guide contains 17 "tests"
for improving the quality of technical writing in the three areas of
Organization, Technical Communication, and Readability. The seven tel.s
dealing specifically with readability and comprehensibility, in abbreviated
form, are as follows:5

5"inis manual assumes that the writer is aiming at the ninth-grade level;
this should be considered in interpreting the tests. An answer' of "yes"
to any question indicates adequate readability (at ninth grade) on that
test.
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1. Heading Review. Do approximately one-half of the'subparagraphs
have headings? Is material within paragraphs consistent with its heading?

2. Topic Senteace Check. Is the heading clear? Does the heading

.cover about three or four topic sentences or key points?

3. Words Per Paragraph Count. Do paragraphs average no more than

45 to 60 words? Are key points highlighted if the paragraph must be
longer?

4. Wcrds Per Sentence Count. Do the sentence3 average 20 words or'

fewer? Have compound sentences and complex sentences been avoided?

5. Syllables Per Word Count. .Does the material average about 1 1/2
syllables per word? Have short words been used whenever possible?6

6. Equipment Nomenclature Count. IS any unfamiliar.nomenclature
either defined in the text or called out on an accompanying pictorial?

7. Layout Review. Has double-column format been used? Is each
graphic contiguous with the text in which it.is discussed or referenced?

It is believed that this manual (which also contains specific guide-
lines for correcting deficiencies, a large number of "rewrite practices,"
and generous illustrations of "good" and "bad" material) can be of valuable
assistance to the technical writer. However, it is vital that it be
experimentally tested to verify this assumption. Work is currently under-
way which involved the use of this guide in rewriting.a technical manual
and comparing the rewritten version with the original in terms of its
effectiveness.

Military Specifications

A secohd major area of concern in the production of readable writing
is that of communicating the needs of the user to the technical writer.
This is a question of the clarity, conciseness, and completeness of
Military Specifications (Mil-Specs) and Military Standards (Mil-Stds).
With regard to readability and comprehensibility, it is the opinion of
this writer that present Mil-Specs and Mil-Stds offer little useful
guidance for the writer: Other matters aside, it is clearly apparent
that no test of readability or comprehensibility'has been applied to
these documents themselves. One sentence picked more or less at random
from one basic Mil-Spec contained 47 words of which 21 words were composed

6
The authors suggest that since manuals deal with technical terms which
cannot be eliminated, these terms should not be included in the count

of syllables. This procedure should, however; be experimentally tested.
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of three or more syllables. rier similar examples abound. iLit more

specifically, with regard to s.p(,.cifi.cation of readability and comprehen-
sibility standards, most_ or ail suclz documents are woefully inadequate.
Cne, for example, states that "As a general guide, the level of writing
should be for a high school graduate having specialized training as a
technician in military training courses."7 Even those of us in the field
of readability/compreheasibiliti, (much less the engineer/writer).don't
really know what a typical high school graduate "looks like." And taken

literally, manuals written to thisprescripticn (if it were possible)
would automatically be excluded from use in at least some training courses,
because the trainee would not yet have the "specialized training" required
to understand the manual. It would be comparable to :he empl.oyment adver-
tisements which specify "only experiencad need apply," wheh the "experience"
can be gained only through the employment.

Another, more basic Mil-Spec gives somewhat more explicii directions.
It states: "Narrative text (those pages that consist of not ie3s than 200
words in conuecutive sentence.,: per pae) shall conform to the following .

readability standards: The average seuuence length (ASL) shall not
exceed 20 words...The average word length shall not exceed 1.60 syllables...
The percenz. ;PPS) shall not: be less than llir; of the
total."3 The pi:ticular 114res specifiad are reasonabiL; if such stand-
ards were achieved, .,:he to=ula s.-;ore would be at approximately
the 9th or 10th F,ralevel. nut, one might yonder if .some wTiters read
any further than where it say "...200 words in consecutive. sentences..."
Certain persons responsible for producing technical manuals have been
heard to say that.."by definition" their writing neveL bas more than 200
words per page in consecutive sentences. This not to imply that producers
or writers of manuals intentionally write poorly. Quite tne contrary, one
suspects that, Lhey take pride in their work just as any professional does.
But the fact remains that much of our technical writing is too difficult
'for many of the intended users. More specific guidance, and perhaps more
.rigid quality control, would appear to be necessary conditions fly. rectify-
ing this problem. And accompanying such specifications, it is felt that
we must provide the writer-with tools to meet our standards--the third
general problem in the production of readable writing.

7
MIL-4-24iO0B, Manual, Tecthnical: aincuionally Oriented Maintenance
Manuals (FOMM) for Equipment and Sysuems, Jan 74.
8
MIL-M-63000C (TM) Manuals, Technical: General Requirements for Manu-
scripts, Dec 1960.
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Tools For Readable Writing

What tools could be provide for writers? In general, the answer
involves the various methods of assessing readability and comprehensibility
discussed in the previous section. As indicated earlier, prediction and
production go hand in hand. Figure 3 illustrates the iterative process
that is involved. Included in this figure are some examples of the tools
that might be proviaed the writer in order to produce an acceptable product.
Basically, we see the writer producing his "first draft," relying at the
outset prirlarily on intuition in predicting its difficulty. At some
point, however, a more precise assessment of the writing shOuld take place.
This might take the form of a readability formula ( which the writer will
be trained to use) computed manually. As pointed out earlier, the
formulas which are currently available, from RIDE and FORCAST to the prob-
ably more precise Flesch (Kincaid) and Dale-Chall, are all relatively simple .
to calculate by hand. As our understanding.of the problems specific to
military writing (e.g., leng,.but familiar technical terms) become better
understoed, and as cost-effective and more efficient methods of analyzing
readability and .comprehensibility are developed, it would seem appropriate
to automate the process of prediction to the greatest possible extent.
Several possibilities present themselves in this regard', ordered in success-
ively more.sophisticated techniques.

One such technique is the Navy Automated Counter (NAC) developed for
use in the CNETS analysis of Navy Rate Training Manuals (RTMs) (Biersner,
1975; Bunde, 1975). To reiterate briefly, thiS device is composed of a
stylus, which, when pressed to a working surface, trips a micro-switch,
which in turn activates a counter. Usa. for counts of syllables, words,
and.sentonces for the Flesch and Kincaid formulas, it would be equally
as useful for computing virtually any other formula. this could be a

cost-effective aid which writers would probably find more acceptable than
using simply paper, pencil, and fingers. This "acceptability" would
probably give great-r assurance that accurate counts are in fact being
made in the field. Bunde (1975), in a test of this device, found that
.it reduced the time to compute the Flch formula by 46% over manual
counts, with equivalent reliability. From the point of view of this
writer, such.a device might be considered as an interim technique. It is
recommended, however, that more sophisticated procedures be planned for
future use.

At a somewhat higher level of sophisticatfon are those readability
analysis techniques which utilize a specially modified electric typewriter.
These are the Automated Readability Index (ARI) and the Reading Ease
Assessment Device (READ). Given material to be analyzed during any typing
stage (Df the production process, these devices (which are similar in
dasign) allow the writer to determine the difficulty of his i.writing as t

is typed. Essentially, these devices take account of the number of
"strokes" of the machine to count tho number of letters per word and, the
number of words per sentence to be entered into a modified Flesch RE for-
mula. They both require typing skill, however, which may be a drawback
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for some writers. In addition, their cest may be prohibitive (although
not exorbitant) for situating-at the.many locales at which manuals are
produced. If however, the cost is warranted, and if skilled personnel are

,
available for their use, they repreSent a step advanced from the manual
counting device discussed above. But in addition to the above factors,
these devices are limited in that they provide only readability scores.
As will be seen below, improvement of technical writing overall actually
demands much more.

At a higher level of potential, let consider two possible systems--
one marketed by Scientific Time-Sharing, Incorporated, and the other
ieveloped at Harvard University.9

The first of these'systems incorporates a modified RE computation,
in which a sample of material can be input to a computer terminal which
is connected via telephone line to a central computer. Material is typed
at a remote terminal and, on Signal, an almost instantaneous analysis of
the writing-is printed out. A seemingly advantageous characteristic of
this technique is its ability to reduce the impact of long technical terms
on the analysis. When inputting the material, if a familiar but long
technical term is encountered, it is counted as any other word at its
first appearance--both as a discrete word and as a polysyllabic word.
When subsequently encountered, 'it can be enclosed in brakets.which
excludes that occurrence from the overall'analysis. The effectiveness of
this technique, however, depends entirely on the ability of the typist
to recognize those words which are of such interest and bracket them in
.an efficient manner. Unlike the ARI or READ devices, however, it is
consisiered that the timesharing system offers the potential for suLil
features as storing of technical terms in a lexicon and future automatic
exclusion of the'se terms from the analysis. It is considered that future
R&D effort might well'include the investigation of such potential.

The second of these computerized techniques is referred to as a
Computer Aided Revising, Editing, and Translating system (CARET I), and
was developed by Klaze, Rowe, c'tt John and Stolurow (1969). Like the
time-sharing technique discussed above, CARET I also provides readability .

analyses after the material to be assessed has been input. It,is felt
that CARET I has at least two distinct immediate advantages over,the
former system. First, it provides not one, but five separate analyses,
including the Flesch, the Fog Index, and the Fart-Jenkins-Paterson
revision of the Flesch formula. Secondly, it provides a triple-spaced

9
No bias in tavor of these specific developers is intended. Other similar
(and perhaps better) systems may well exist and not have come to the
attention of this author.
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printout of the inputted material, dndicating for each word the number of
syllables, and for each sentence the number of words. The editor/writer
can therefore adjust (as necessary) word length and/or sentence length,
entering alternatives directly on the printout. And, like the time-
sharing system, it is interfaced with a large computer which would permit
the compilation of a lexicon and many other possibilities to assist not
only in prediction of difficulty, but in writing arid rewriting. Figure
3 shows how such a lexicon (as well as a Key-Word-in-Context file) might
"feed back" into the various stages of writing. To exemplify the poten-
tial of such a system, the entire text of (for example) an :lectronics
manual could be analyzed for the frequency of Occurrence of ke.: words at
the same time that the material is input for readability analyse:. Then
not only those words in the lay language, but also technical terms, could

, be cataloged according to their frequency and this information fed back
to writers for consideration either in rewriting or in original writing
of new material in the same subject matter area. Optimally, it would
appear that the best features of both the preceding systems could be
combined to form a procedure that is efficient, effective, and cost-
beneficial.

An even more sophisticated system would be one such as the Navy's
TRUMP (Technical Review and Update of Manuals and Publications) system.
This system is currently undergoing test and evaluation at the Naval Air
Rework Facility, Jacksonville, Florida. TRUMP is technologically more
advanced than the others mentioned,-basically because of its Optical
Character Recognition (OCR) and automatic photocomposition capabilities.
This makes it possible to electronically scan material to be input,
resulting in a reported throughput'rate of potentially hundreds of times
greater than with keypunching. While no readability analysis for TRUMP-
has as yet been implemented, it would seem to have the potential for
virtually any such analysis as.well as all other . capabilities mentioned
in connection with previous systems. Of particular interest for Navy
manuals,. TRUMP can automatically process illustrations and complex tables
as well as running text. Upon completion of the ongoing T&E of TRUMP,
it should be considered as a central feature of any future R&D effort in
the area of readability and comprehensibility.

SUMMARY

The underlying theme of this paper has been a plea for reformulation
of the basic rationale underlying research in readability and comprehen-
sibility.. It recommends that future research be directed at determining
which of the many variables involved in the readability and comprehensi-
bility area stand in causaZ relationships with the ability of persons to
comprehend the Written word. And finally it suggests that present read-

. ability formulas, with perhaps some modification, are acceptable when
only readability is being considered, but that a means must be found to
ensure that materials are also satisfactorily comprehensible. It seems
that the time has tome to orient our efforts toward implementation of what
is already known in the field, and tO provide for the military writer the
means to achieve an acceptable produe.t considered in terms of the needs of
the user.
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COMMENTS ON THE PAPER BY CURRAN

George Klare

Ohio University

In commenting on Curran's paper, Klare first reiterated points made
by Curran regarding three types of writing for which readability formulas
are not useful. First, a readability formula is not useful for predicting
comprehension of prose that does not follow the rules of the language; e.g.,
words strung randomly together or phrases such as "a rose is a rose is a
rose". Secondly, a readability formula may not be a good predictor for
some prose that doez follow the rules of the language, but may include
complicated embeddings or the like; e.g., "the house that Jack built".
Thirdly, readability formulas may not well predict the comprehension of
certain types of semi-prose; e.g., highly technical writing, mathematical
writing, or poetry. In this case, however, speci.31 formulas have been or
might be developed. In addition to these three problem areas for read-
ability formulas, Klare indicated that matters or organization, "smoothness
of prose style", and related factors limit the effectiveness of a read-
ability formula in predicting comprehension. And, finally, readability
formulas do not take into consideration characteristics of readers, such
as their background, reading competence, and motivation. In short, Klare
agreed with Curran that readability as measured by the various formulas
is a necessary, but not sufficient condition, for compreehensibility.

Readability formulas are predictive tools, and one needs to know the
conditions,under which they predict well and where they do not predict
comprehensibility accurately. Readability formulas use predictive index
variables, not measures of causal relationships. This fact has several
implications. (1) It may be difficult to improve the predictive validity
of readability formulas by such things as incorporating a technical term
factor in the formula. In one such case, with the Dale-Chall formula,
adding technical terms did not alter the predictive power of the formula.
(2) We need to continue looking for better criteria of comprehensibility
and useability to be predicted by readability formulas. The index
variables predictive of comprehension may change depending on the measure
of comprehension being predicted. (3) One must be cautious in trying to
use what is known about the readability score to produce or to monitor
writing. In some cases it is possible to "fool" the readability formula
by changing the material to get a higher readability score, while leaving
comprehensibility unchanged. Regarding implications of readability
research for writing, Klare suggested that if one is going to rewrite
material for readability, he or she should work on the material for the
least motivated first. Secondly, he or she should rewrite the least
interesting of the material before other portions of the material.
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RESEARCH ON THE.COMPREHENSIBILITY OF
AIR FORCE TECHNICAL MATERIALS

Arthur I. Siegel

Applied Psychological Services, Inc.

The Air Force, like any modern organization, depends to a considerable
degree on information which is transmitted through natural language encoded
in written form. Often-the transmission process is ineffective or only
partially effective. Increasing the effectiveness of this written word
information transfer process is the thrust of most current Air Force pro-
grams in the topic area of readability research. Specifically, the Air
7orce is concerned with increasing thP comprehensibility of written mate-
riels, developing methods for diagnosing where and why written materials
are not comprehensible, and deVeloping automated techniques for assessing
the comprehensibility of written materials. Since technical training and
education represent a major aspect of the Air Force's peacetime activity,
and since a substantial portion of the training process involves trans-
mitting information in-written form, it is not surprising that much of .

this research has been performed in a technical training context. However,
there is little reason to believe that the results and implications of
prior and current Air Force work are not mostly generalizable to other
contexts; e.g., operations and maintenance manuals, bulletin board notices,
and technical orders.

Partly because of the technical training orientation and, more impor-
.tantly, because of definitional problems, much current Air Force work has
.vred away from media and format problems. There are, however,some
exceptions to this generalization (e.g., Davis, 1965). The definitional
pl7o'olem seems to arise from confilsion among some reSearchers between what
is 'meant: by "utility" as opposed to the meaning of "comprehensibility."
Job aids are judged by the criterion of utility; text is judged by .the
criterion of comprehensibility. A text may be quite comprehensible, but
be of little use in certain operational situations. A job aid may be
quite useful ih a given operational context and be low on comprehensibility.
Similarly, such items as page format, font, and type size may have much to
do with reading rate, but have little involvement with comprehensibility.
When it comes to encoding language.through the written process, media and
format problems are mostly related to utility rather than comprehensibility.
Cnmprehensibility and utility should not he confused. The differentiation
is not trivial and the Adr Force has tried to avoid this confusion.

Subsequent sections of this paper attempt to recapitulate current Air
Force trends relative to increasing the effectiveness with which students
organize the knowledge encoded in the language appearing in their instruc-
tional materials.
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AuditorL. Supplementation

-. A set of recent Air Force studies has investigated the gain, if any,
that can be obtained from supplementing written textual training materials
with auditory presentations (Sellman, 1970; Siegel, Lautman, & Burkett,
1974). In this technique, while the reader reads the textual materials,
the material is also preSented to him through a headset. Accordingly,

the approach has been called auditory supplementation. The advantages of
the technique appear to be.that.it might (1) serve to refocus the reader's
attention in the case of distraction, (2) help the person who can compre-
hend spoken language but who possesses a reading disability, and (3)
serve as a redundant and noninterfering information source. Present
indications from this work are that auditory supplementation may be helpful
in increasing comprehensibility in certain situations. Sellman, working
at the. Air Force Human Resources Laboratory, fouild that individuals using
simplified materials plus tapes scored higher than persons using simplified
materials alone: Siegel, Lautman, and Burkett, who also worked under Air
Force Human Resources Laboratory sponsorship, partially confirmed Seliman's
findings. AlthoUgh many interactive effects seem to exist, by way of
generalization, it seems that auditory supplementation will be helpful when
one or several of.the following Conditions exist: (1) the mental ability
of-the reader is low, (2) the reading grade level of the reader is low,
(3) the materials to be used are of the discursive rather than the "look
up" type, and (4) reading materials represent the sole source Of the
information to be learned.

Comprehensibility Measurement

Tbe Air .Force's emphasis in the comprehensibility measureent area
focuses on developing new comprehensibility measurement concepts, validating
these concepts, and implementing them. Accordingly, the approach consists
of a basic research vector, an advanced development vector, and an applica-
tion vector. Each draws from and is based on the other avenues and consid-
erable interplay occurs. This overall approach seems to introduce consider-
able economy and cross-fertilization into the cycle.

For a comprehensive review of earlier work relative to comprehensibility
measurement, the reader should see the Air Force Human Resources Laboratory
report authored by Williams, Siegel, and Burkett (1974). The conceptual
emphasis of the present work is based on the conjecture that prior Compre-
hensibility measurement techniques (e.g., Flesch, 1951; Dale'& Chall, 1948;
and Lorge, 1944) deal principally with what one might call mechanical
factors such as quantities of words, sentences, syllables and their
occurrences--not 1,-ith meanings per se. They have been used for-some time-
not only because they measure reading difficulty (specifically, reading
grade -level) 'in some sense, but also because they are suitable to'rela-
tively easy calculation by hand. However, such measures are not diagnostic.
That is, knowing that a given text.is at such-and-such reading grade level
will tell the author little about how to improve the writing. Moreover,

the concepts included in such mechanical measures are atheoretical. They
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possess little foundation in language processing or cognitive theory.
tionally, one can use small words and sentences to produce difficult
-rial or, alternatively (given a technical situation), one can use big

and sentences and produce highly comprehensible material. Finally,
L, e measures have been largely validated in high school/grade school
situations which have little relationship to adult technical training
situations.

TL orientation of the Air Force's present work relative to compre-
hensibility measurement is on the assessment of th'e cognitive and the
language proceSsing load which a text Pieces on the reader. Alternatively,
the measures under development seek to assess the amount of thinking a
text forces a reader to perform. These measures, accordingly, represent
an attempt to reflect and quantify what the text forces to happen inside a
reader's head, rather than to determine comprehensibility on the basis of
sizes and frequenCies of words, length of sentences, and the like. Some
support for the contention that cognitive processing aspects represent
a salient aspect of comiirehensibility comes from the work of .Coke (undated),
who concluded as the result of a readability study in another context that
...reading rate is sensitive to the amount and/or type of cognitive

processing required by a reading task." Additional support seems to
derive from the ongoing work of Davis ;1975) at the Air Force Technical
Institute, relative to the effects of mode of expression on comprehensibil-
ity.

Within the intellective load structure, two separate, but related
approaches are.under investigation: (1) an "intellective load" analytic
approach,- and (2) a "language processing" approach.

The intellective load analytic approach is based on and drawn from
the structure-of-intellect model of intellective function developed by
Guilford and his associates (Guilford, 1967; Guilford & Hoepfner, 1971).
This model is the result of over 20 years of work which empirically
isolated and defined 120 intellective functions. A logical choice was
made among the 120 Guilford functions on the basis of rational relation-
ship with textual Comprehensibility. The Guilford functions selected,and
on which textual comprehensibility assessment techniques were developed,
are cognition of semantic units, cognition of semantic relations,
evaluation'of symbolic implications, and divergent production of semantic
units. Full descriptions of these metrics are found in Siegel and Wolf
(1975) and in Siegel and Bergman (1974). The Siegel and Bergman report
also presents the results of an initial validation of thesd measures.
Cross validation and predictive studies are currently being performed.

The language processing approach is based on concepts drawn from
current.,psycholinguistics. Metrics have been developed to reflect each
of the following: Yngve depth, morpheme volume,.transformational com-
plexity, center embedding, left branching, right branching, and complement
deletion. These metrics are fully defined, described, and elaborated in
Siegel and Wolf (1975) as well as in Lambert and Siegel (1974). The
Lambert and Siegel report..also describes the methods, procedures, and
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resulta of an initial validation study relative to these psycholinguis-
tically oriented measures. Currently, cross validation and predictive
studies are also being perforged relative to metrics.

-Automated Measurement of Comprehensibility

The Air Force's goal in the automated comprehensibility measurement
sphere is the development of an on-line technique which will handle
the logic and calculational sequences required to determine the selected
structure-of-intellect and psycholinguistically oriented measures describ-
ed immediately above. The computer program which will achieve this goal
is currently being specified and set in logic form. It is anticipated
that formal programming will start during early months of 1976.

Obviously, a part of the computer processing of text for publication
is the "typing" or optical reading of the text. Some text editing pro-
grams also use a computer-stored dictionary. With this capability, a
computer can accomplish functions such as automatic hyphenization, page
numbering, indexing, page layout, spelling checks, centering of headings,
and the like. The comprehensibility measurement program which Is being
developed could become the back end of the more routine text handling
procedures now 'available or could stand on its own.

Some concept of the organization of the comprehensibility measurement
computer program can be gained from Figure 1. Input and interaction with
the program can take place in the batch mode or through a terminal. The
operating subroutines represent those program modules necessary for
setting up and performing a textual analysis. The semantic subroutines
are those subroutines neCessary for performing the calculations underlying
the selected structure-of-intellect and psycholinguistically oriented
metrics. A parsing subroutine is included because of the dependence of
certain of these metrics on sentence structure and syntactic attributes.

, Results will be presented, at user option, by sentence, block of sentences,
and total text. Block and sample size are also variable under user control.
Output will be in usual printed format, on cards, on tape, or on the term-
inal (in the interactive mode).

The utility subroutlines include a dictionary update routine (needed
because many technical words may not appear in the usual computer-stored
dictionary, a teaching subroutine (to teach the user how to use the total
program), and a number of statIs4cal subroutines .(to summarize data).

The support subroutines represent those usual procedures needed for
,an effective program (checkout, alarm, etc.), a subroutine to plot direc-
tional trends, and norma for comparing a text under analysis with a com-
parison set of texts. The required norms have already been developed.

Figure 2 further details the analytic sequence in its current form.

The reader who is interested in an earlier Air Force approach to the
automation of .comprehensibility analysis will find the work of Smith and
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RUN
INITIALIZATION

. INITIAL

READ &(CHECK RUN
INPUT. RUN SETUP. B-1

READ NEXT BLOCK'

READ & SCAN TEXT
SETUP FOR BLOCK B

SCAN NEXT SENTENCE

RESET FOR .START
OF SENTENCE PROCESSING

RESET

V
NO-BATCH

>,
SET UP FOR
REPORT-ONLY
(NO MEASURES)
THIS SENTENCE

SEARCH FOR
NEXT WORD

WORD W IN
DICTIONARY? NO-

YES
INTER REQUEST, ACCEPT

& CHECK NEW
DICTIONARY INPUT

GET
DICTIONARY
INFORMATION

ACTIVE

SEARCH

MAINTAIN RUNNING
COUNIS FOR SENTENCE
AND BLOCK SUMMARIES

SENTENCE PROCESSING

COUNT

INCOMPLETE

1
END OF SEWTENCE

Figure 2. Analyti c Sequence
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PARSE
SENTENCE

PARSE

CALCULATE STRUCTURE
OF INTELLECT
MEASURES

MEASURE/S1

CALCU LATE
PSYCHOLINGU1STIC
MEASURES

MEASURE/P

SUMMARIZE SENTENCE
RESULTS & MAINTAIN
OVER THE BLOCK

SENTSUM

END OF

vBLOCK

OPTIONALLY
LIST/DISPLAY
SENTENCE RESULTS

SENTOUT

-{-BLOCK PROCESSING
INCOMPLETE

CA LCULATE
MECHANICAL (RG
MEASURES

OPTIONALLY
LIST/DISP LAY
RGL MEASURES

RGL
. RGLOUT

REQUEST:SUMMARIZE BLOCK LIST/DISPLAY
RESULTS Et MAINTAIN. CHECK. BLOCK RESULTS OF RUNOVER THE RUN DICTIONARY CHECK PROCESSING

BLOCKSUM CHECKOUT INCOMPLETE

LIST/DISPLAY
REQUEST. BLOCK RESULTS OF
MEASURE MEASURES

MEASUREOUT

END LIST/DISPLAY
RUN RESULTS

SUMMARIZE
RUN RESULTS

RUNOUT . RUNSUM

Figure 2. Analytic Sequence (Continued)
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Kincaid (1970) and that of Smith and'Senter (1970) of relevance. Other
work in this regard has been performed outside of the Air Force context
(e.g., Coleman & Liau, 1975).-

The Future

It is interesting to conjecture about the future trends of the Air
Force's interest in comprehensibility measurement. It seems that for the
immediate future, the current trends will continue. The search for new
and better diagnostic comprehensibility constructs will probably continue,
along with ongoing validation and extension of the metrics currently being
achieved. The rapid integration and application of tested constructs into
the operating technical training system also seems likely to continue in
view of the continuous, large scale, training mission of the Air Force.

One can also anticipate extension of.many of the implications of
work, such as that which was described in the present paper, to the techni-
cal and operational manuals situations. The Navy has already perceived
this need and has included comprehensibility evaluation in its current NaVy
Technical Manual System planning (Sulit, 1975). .The current Air Force-work
also seems to possess some implications for natural language processing,
and extensions in that area, relative to lecture material, seem possible.

Finally, the Air Force has made a start toward increasing the effec-
tiveness*of technical training textuf.1 materials, understanding the compo-
nents of textual comprehensibility, placing these comPonents in some
quantitative form, employing them so as to allow evaluation of the compre-
hensibility of technical training textual materials, and developing a .

jliagnostic/prescriptive tool which will .allow writer's to produce texts
which arc more comprehensible to students.
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COMMENTS ON THE PAPER BY SIEGEL

Ernst Rothkopf

Bell Telephone Laboratories

As a preliminary opening comment, Rothkopf expressed his opinion
that the military appears to have a concern for the human use of wr':_tc.).
materials, and to have shouldered the responsibility for making such
docuMents more effective. Rothkopf felt that civilian publishers,
universities, and school systems have been relatively irresponsibl-a in
this effort, or perhaps they have recognized that the need existed, but
saw no means for implementing any action in that direction. The military
work may provide guidance for the civilian sectors on the practical ways
in which-people produce written materials for useful purposes.

Regarding military work on the comprehensibility of materials,
Rothkopf made some general remarks regarding the relevance of the military
work to those who are engaged in more fundamental research on human
learning and on language processes. The point -node was that the work in
job aids and other documents that are supposed to support job behavior
reveals the folly of accepting the word "comprehension" as a primitive
term, the way it has 'been accepted as a primitive term by many psycho-
linguists and students of cognition. When simply studying, learning,.
and recalling information from text, it is possible to never know that
one has not understood. But when the printed material is supposed to
take one to the next stage in a procedure or sequence, one quickly
recognizes that language is not all that informative, and that understand-
ing is a very complicated thing.

Directing his remarks to Siegel's paper, Rothkopf made two major
points. First, he agreed with Siegel that internal measures of text
(such as word length and sentence length) are interesting and ought to be
explored. However, he stressed the idea that the variables counted in
readability formulas, such as word length in the Flesch formula, have a
certain construct validity as measures of more psychologically interesting
variables, such as familiarity, which in turn have an effect on learning,
retention, and so forth. Thus, word length variables are not without
psychological meaning. The second major point concerned the comprehension
measures which Siegel reported were planned to be used.. Rothkopf suggested
that a parsing program which took semantic considerations into account but
which operated only on measures internal to the document would not provide
an adequate evaluation of the document's comprehensibility. He submitted
as an area for research the idea that it is meaningless to think about
evaluating a document by itself; the only way that a document can be
evaluated is with reference to some outside criteria. The outside criteria
have to come from the purpose of the document or some other pragmatic
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concern. Thus, a document characterized as being campxehensible on the
basis of some general measure derived from internal measurement may be a
completely inadequate document for its intended purpose, because.it can
contain wrong or irrelevant information. Rothkopf cited a study in which
25 or 30 structural variables were examined, and not a single one had the
predictive power as the amount of irrelevant material that was in the
text. But the irrelevant material cannot be detected without reference
to some purpose external to the document. For this reason, Rothkopf saw
the need to somehow bring the content variable into the evaluation of
documents.

20,1

212



U.S. ARMY RESEARCH AND DEVELOPMENT ON
READABILITY AND USEABILITY OF PRINTED MATERIALS

Richard P. Kern

U.S. Army Research Insititue for the Behavioral and Social Sciences

INTRODUCTION

The U.S..Army's literature research and development efforts will be-described in this paper in terms of work addressing the problem areas:(1) the reading difficulty level of the literature, (2) the content andthe orientation of the literature.and (3) assessment of the utility oruseability of the literature when Placed in the hands of the intendeduser.

READING DIFFICULTY LEVEL OF ARMY JOB AND TRAINING LITERATURE

The first major research which examined reading difficulty levelsoic. Army job and training literature was stimulated by the Department ofDefense announcement of Project 100,000 in 1966. The tnplementation of-Project 100,000 was expected'to produce an influx into the Army of large
--, numbers of men with Marginal or low literacy skills. The research-:initiated by the Army in 1968, under contract with HuMRRO, had.the brbadobjectives of developinginformation required to identify literacy skillrequirements of common, high density, Army jobs. Based on this infor-mation, the most feasible approaches could then be developed to enablethe Army to effectively train and utilize the lower aptitude Project100,000 personnel.. The resulting programof research-carried out forthe Army under HumRRO Work Units REALISTIC, READNEED, and. FLIT is

summarized in Caylor's paper in this volume. Because of the early
influence and continued relevance of these studies trLArmy R&D on joband training literature, certain key features of the readability altd-readership findings will be summarized here.

Reading'Skill Level of Personnel and Reading Difficulty Level of Manuals

It was expected that-one obvious point of difficulty for themarginally literate personnel would be the Army literature they were
expected to use in learning and performing their job. Research (Sticht,et al:, 1971), comparing reading skill levelsof low aptitude job incum-bents with the reading difficulty level of their job literature confirmedthis expectation. However, this research also indicated 'that_many ofthe high aptitude job incumbents could be expected to have difficulty inusing the same literature.

Figure 1, reproduced'from the Work Unit REALISTIC report (Sticht,
et al., 1971), indicates that reading and learning from Army literatureis a difficult task not only for low aptitude personnel but, also, formany high aptitude personnel.' This figure presents a visual comparison
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Readability of Publications

Reading Ability af High Aptitude Men

Reading Abty af Low Aptitude Men
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Figure I. ,Readability of Publications and
Reading Ability of Job Incumbents.
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between the average reading difficulty level (modified Flesch formula)
of manuals cited by incumbents and supervisors as being used on the job,
and the average reading skilr levels of incumbents in three high density
Army jobs. Note tha: for repairmen.and supply specialists the average
difficulty level of the manuals exceeds the average reading skill levels
'of eVen the high aptitude incumbents by 5 to 6 grade levels. The reading
materials used by the coOks, however, appear to be reasonably geared to
the reading skill .levels of the high aptitude cooks and, while difficult,
possibly still within the range of the low aptitude cooks. The lower
difficulty levels of the cooks materials reflect the fact that the bulk
of the materials cooks reported using on the job were their job aids,.
Che recipe cards.

A secOnd, related set of results from Work Unit READNEED are
presented in Figure 2 (Sticht, et al., 1973). In this case Che manuals
studied were identified from the list of study materials prescribed for
the soldier's use in preparing for his annual.Primary MOS Enlisted
Evaluation Test in each of the seven MOSs. The FORCAST formula, developed
in Work Unit READNEED (Caylor, et al., 1973) for the Army population.
and Army technical materials, was used in estimating reading difficulty
leveil of these manuals. Average reading Skill level is indicated by the
ver deal lines for three groups of Army personnel: Army Preparatory
Traning (APT) graduates for FYs 1968, 1969, and 1970; Category fV job
incambents; and non-Category IV job

. incumbents tested during this and a
related.research program (Vineberg, Sticht, Taylor & Caylor, 1971). The
APT program, at the time this research was conducted, contained remedial
reading instruction in the context of a six-week general educational
development program. Use of the study materials to prepare for Cheir.MOS
Evaluation Test would clearly be a formidable if not impossible task for
the APT graduates and the Category IV personnel regardless of which of
these seven MOS they might be assigned. It is equally important to note,
however, that.these study references are .written at such a high level'of
difficulty that even the higher aptitude (non-Category IV) personnel will
be expected Co have problems in reading and learning from them.

Reading Skill Level ,df Personnel and Use of Manuals dn the Job

Studies conducted in the fields of journalism and advertising wouldlead us to expect that as the reading difficulty level of.material
increases, readership or use of the macerial would decrease. From this
we might extrapolate and assume that job incumbents with, for example,
10th-grade reading skill levels, will be moTe likely to use job manuals
written at, say,.a 12th-grade reading difficulty level than will job
incumbents with lower reading skill levels..

Estimates of the extent to which incumbents of differing reading
skill levels used manuals or other printed Material in carrying out
their job duties are .reproduced from a Work Unit REALISTIC report in
Figure. 3 (Sticht,.et al., 1973). These estimates were obtained during
interviews conducted with job incumbents. Using a version of Flanagan's
Critical Incident technique (iln(iagaa, 1954) , each incumbent was asked
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Reading Ability Level of:

MOS

71H20 Personnel Specialist

26D20 Ground Control
Radar Repairman

95320 iMilitary Policeman

76Y20 Armor/Unit Supply
Specialist

63B20 Wheel Vehicle
Repairman

11B20 Light Weapons
infantryman

91620 Medicdl Specialist

APT Category IV Non-Category IV
Graduates Personnel Personnel
N=9000 N=800 N=800

6 7 . 9 10

Reading Difficulty Level of Material
11 12+

Figure 2. Average Reading Difficulty Level of
Materials in Seven MOSs.
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to give five instances during the past month when he had consulted printed
materials in connection with carrying out his job. Extent of useage is
plotted in Figure 3 as percent of maximum possible number of citations-a
group could give. For example, if each man in a group had given the
maximum of five'inStances when he hacUconsulted printed materials, this
information would have been plotted as 100%.; if the members of a group
had given an average of 4 citations each, the group average would have
been plotted as 80% of the maximum possible, and so forth.

As shown in Figure 3, extent of useage of printed materials is
related to reading skill level of incumbents for supplymen and mechanics.
6poks show a)Iluch higher extent of useage and no apparent relationship
between extent of useage and reading skill level of incumbents.

The estimated average reading difficulty levels for the job materials
cited by incumbents in each of these three jobs are those presented
earlier in Figure 1. These difficulty levels, plus the fact that the
hulk of the materials identified by the cooks was recipe .cards, suggest
some of the factors that must be considered in studying incumbents'
useage of printed materials on the job. Cooks generally reported using
recipe cardS-to retrieve information on quantities of ingredients while
preparing a particular dish. In addition, they frequently reported that
they were recp:ired by their supervisor to have the correct recipe card
in front of them whilti preparing whatever food they had been assigned.
These observations suggest thatwhen given job aids designed to fit the
tasks the man performs and a supervisor who reqUires that the man have
these aids at hand, extent of useage of these.materials on the job will
be high. In contrast, neither-mechanics nor supplymen had jcb aids
comparable to thc cooks' recipe cards. In addition, neither of these
latter two groups were required to have references at their fingertips
while performing their variods tasks. While extent of useage of printed
Anaterials is -i:elated to reading skill level of these incumbents, use of
printed'materials is relatively infrequent even among the better'readers.
Observations in this case suggest that given job aids designed as general
references, Wtitten .at a high level of difficulty, and no requirement by
the supervisor that they be used, then, extent.of useage on the job will
remain relatively low even for the proficient readers.

Use of Manuals on the Job and Quality of Task Performance

.Thej,research nevfewed ln the preceding section indicated that among
repairmen and supplymen,'U'ae of iiianuals on the job was positively-
related to reading skIll level of the incumbents. However, is there any
evidence that u;e yf"th'nuals impnoves the quality of task performance?
Data related to 'this question were obtained in Work Unit REALISTIC.
Sticht, et al. (1971),describes this research as follows:

In that research, job ineumbe.nts were administered three- to
five-hour Job Sample tests in which Repairmen actually repaired

.

vehicles and Supply Clerks worked in simulated offices filling
out forms and counting equipment. In these. Job Sample. tests,
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job manuals were available sO that men who were being tested could
use the manual if they wanted. Figure-4 shows relationships
between reading ability,-use or non-use of manuals, and performance
en the Job Sample tests for Supply Specialists and Repairmen. It
is apparent that men who use manuals did better than those who did
not use -manuals regardless of reading ability. Furthermore, of
Chose who used manuals, performance was better for the more highly
literate men.

Initial Approaches to the Readability Problem by Army Commands

In view of the research findings on reading difficulty levels of
Army training literature and average reading skill levels of enlisted
personnel, Headquarters, United States Continental Army Command (CONARC)
established the 9th-grade reading difficulty level aS a maximum difficulty
level goal to be used in preparing and reviewing literature intended for
entry level enlisted personnel. In addition, CONARC directed that a
revif...w be made of the reading difficulty level of all manuals produced by
CONARC schools. The 20 'CONARC service schools, using the FORCAST read-
ability formula, calculated average reading difficulty levels on each of
470 Field Manuals (FMs) and Technical Manuals (nMs) for which they had
responsibIlity. These analyses revealed that approximately 94% of the
CONARC r-lauals exceeded the 9th-grade reading difficulty level and, in
fact, approximately 65% had an average difficulty level of llth-gradeor
higher. A frequency distribution showing the number of manuals at each
reading grade diffiCulty level is-shown in Figure 5 (CONARC letter dated
29 Jan 1973).

In reviewing these results CONARC recognized that not all of their
470 manuals were either designed for or required by enlisted personnel at
the entry skill levels. However, examination of the readability of their
nterature highlighted the fact that literature management policies in
effect at that time did not require specific identification of job, rank,-
and skill level characteristics of the population for whom a given manual
was i)rimarily or exclusively intended. Thus, readability analyses focused
attetItion on the management of literature production and the need for
designing literature to meet the needs and Abilities of specifically
identified groups of users. Research initiated by the Army Research
Institute (ARI) to assist CONARC in providing guidance and assistance to
their literature management and production agencies is described in the
next section of this paper.

The Army Materiel Command (AMC) initiated studies to develop read-
ability standards for use in guiding design and preparation of the many
hardware operation and maintenance manuals they are responsible.for
procring. This work (Army Materiel Command, 1970), initiated before
the development of the FORCAST formula, resulted in the following recom-
mended readability standards:

1. Average sentence length in narrative text should not exceed 17
words.
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2. Average word length should not exceed 1.5 syllables per word,
excluding technical nomenclature (mandatory) words.

3. At least 20% of the sentences in the narrative text should be
personal sentences.

In establishing reasonable standards for equipment manual writers,
AMC staff were concerned about the effect of technical nomenclature on
the.resulting estimates of reading difficulty level. These words
generally consist of a number of syllables and, according to estimates,
made by AMC staff, constituted about 1/3 of the words used in their .

equipment manuals. On the premise that the user already has or quickly
acquires .familiarity with these words, AMC decided to exclude them in

. computing the average numtier of syllables (average word length) per 100
word sample. , Using three different formulas (Flesch, Gunning, and Army-
Dale) they reported computing reading difficulty estim:a.tes on a number
of equipment manuals using both the standard method of computation and
their proposed method of excluding manadatory words. They report that
exo.lusion of the mandatory words resulted in a fairly regular drop of 3
to 4 reading grade levels as compared to estimates whiCh included these
words. Thus, an equipment manual which is estimated to have a 12th-grade
reading difficulty level based on standard application of the Flesch
formula, drops to an estimated 8th-gradc reading difficulty level by simply
excluding the mandatory words and substituting additional, Consecutively
occurring, non-mandatory words.

There are, of course, differences of opinion about the appropriateness
of :this approach. Perhaps the weakest aspect of this approach is the
assumption that the user knows, or quickly learns, the technical nomen-
clature words. Studies oE job-expeLienced and newor inexperienced,
incumbents' familiarity with technical nomenclature, if conducted in the
Army, have not been reported. One such study conducted in the context of
Air Force helicopter maintenance, suggests that the only job incumbents
who have a high degree of familiarity with the technical nomenclature
used in manuals are the manufacturer's engineers (Jablonski, 1971).

USER ORIENTATION AND CONTENT OF ARMY TRAINING LITERATURE

In May 1973, the Army Research Institute initiated research, under
contract with HumRRO, to identify user problems with existing literature
and user requirements for revised training literature. In addition,
research was also initiated under this same contract to identify and
develop guidance to assist Army writers in preparing literature appropriate
to the user's job needs and reading skill level.

Survey of User Requirements for Army Training Literature'

The survey of user requirements for training literature was conducted"
within active Army units by means of a strt-.ctured interview (Showel and
Brennan, 1976).. Personnel surveyed included students, instructors, and
training managers assigned to Army Training Centers a-nd Service Schools.
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In addition, interviews were conducted with first line supervisors
responsible for conducting instruction at the Company or Battery level in.
Infantry Divisions, and those:responsible for ttaining management at the
Company, Battalion, and Brigade levels.

Findings applicable to the general body of training literature
include complaints that information contained in FMs and TMs is frequently
out of date, scattered through several different manuals, and presented
at such a high leVel of generality that it is difficult to determine.how
it applies to specific situations. In addition, students reported that
the literature was difficult to read, dull, too wordy, and that it was
'difficult to locate needed.information in the manuals.-

In general then, these interviews indicated thatjeading difficulty
level of the literature, while recognized as a problem, was not considereil
as gc'eat a problem as the highly generalized orientation of the content
and the failure to organize and bring together content relevant to the
user's'needs into one compact, easily accessible source.

Development of Guidance for Army Writers.

In addition to the survey, of users of Army training literature,
Tesearchcrs conducted interviews with Army writers and editors. The
purpose of these interviews was to find out what type of training or
exPerience writers brought to their job,. what type of guidance and
support they received, how they perceived the purpose or the function..of
the literature they prepared, and what they thought a writer's guidebook
should include to be of help to them (Kern & Sticht, 1974).

Information obtained during these interviews indicated that writers
were gener,:ily Selected on the basis of their previous or currern_ xfor-
mance as classroom instructors. In many cases the writing assignment was
added duty for an instructor.

In general, the purpose or function of the training literature, from
the writer's perspective, was to provide official, detailed, reference
support for the highly generalized lec':nre-training approach that was
still prevalent in the schools at that time. Writers were provided with
little or no instruction regarding users, purpose., or scope when' tasked
to write a new manual. Guidance generally was simply to write a manual
on topic "X".. Consistent with this guidance, writers viewed their job
as that cf assembling, organizing, and recording all that was known
about a topic. They assumed that if a manual contained a reasonably
complete exposition of the topic, it could serve as a general text or

. reference source and be used by.anyone interested in the topic regardless
of the specific nature of the reader's job duties or information needs.

Most of the writers interviewed said they did not use writer's guides
of any type. Guidance regarding format and organization was obtained by
using previous editions of the same manual or a related manual as a model
and preparing the neW literature to look like this model. Whenever
possible they cut and pasted from the earlier manuals as well as from
current editions of related manuals. Editorial review of the writer's
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draft was generally limited to grammar, proof reading, and conformance to
format policies. Readability formulas or other methods for testing the
difficulty level of the writing were not being used.

The Above observations indicated that if writers were to produce
literature to suppOrt the Army's emerging demands for performance-
oriented training, they needed help in re-orienting their perception of
the purpose and functions of training literature. They would also need
guidance in how to research, develop, and prepare this literature so
that it was appropriate to the job-related information needs and reading
abilities of their targeted users. It was recognized that a guidebook
could not be expected to accomplish these objectives unaided. It was
thought, huwever, that it could provide a basis for further training
efforts by literature management.

Guidebook 6ot the Development o4 kory Ttaining LiteAr.tlae
(Ker, Sticht, Welty-§, Hauke, 1976) was designed to capitalize on the
writers' reported tendency to use existing literature as a model for
writing.style,. organization, and format rather than devoting his time to
the study of technical writer's guides. It seeks to acquaint writers with
the user orientation of performance-oriented writing by presenting con-
trasting examples of topic-oriented and performance-oriented writing. It

also presents detailed guidance on how to identify a primary user for a
proposed manual and how-to proceed in developing, organizing, and writing
the material to meet this users' information needs.

The Guidebook deals with the difficulty level of writing in the
following ways:

1. Presenting short reading tests which the writer can use to
compare his reading level with the average reading levels of different
groups of-enlisted job incumbents.

2. Presenting many examples of difficult writing ("Before" examples)
obtained from a wide variety of Army manuals. These "Before" examples
are accompanied by a contrasting version ("After" example) rewritten to
reduce reading difficulty level and to shift the orientation of the
material from a topic-orientation tb a performance-orientation.

3. Providing directions on the use.of the FORCAST formula to check
drafts for possible rewrite needs.

In addition to the guidance described above, illustrated guidance
is provided on identifying when and how illustrations can be helpful and
on design of tables of content and indexes to make it easier foi users
to locate information in a manual.

This guidebook, using an unconvontional approaCh for a writer's guide,
has been well received by Army writers. It is currently undergoing test-
use and review by the U.S. Army Training and Doctrine Command (TRADOC).
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Development of User,Oriented Literature by the Army
Recogniiing Che need for providing literature or other media thatwould more effectively sumfort 'the individual soldier's efforts to learnhis job and perform his job, several Army agencies initiated developmentof user-oriented literature. Th6 U.S. Army Combat Arms Training'Board(USACATB) served as a catalyst and coordinator of these efforts forTRADOC and also performed the editorial and graphic design work for manyof the early publications. These early publications, aimed at theindividual combat soldier, were small booklets focusing on knowledge andskills the soldier would need to perform a-relatively specific combatduty; for example, how'to destroy enemy tanks or.how to use camouflage,cover, and Concealment.

Text was kept brief and colored cartoon figureswere depicted as narrators'. Efforts Zo catch the individual soldier'sattention included, in addition to the use of cartoons and color, titlessuch as "To Catch a Tank: Big Game Hunting Nade Easy". Each publicationcontained apost-paid reply card requesting the soldier te provide feed-back regarding his reaction to the publication: whether or not he likedthis type of publication; Whether or not he found the ihformation useful;and, whether or not he would like to see other subjects presented in thismanner. Informal reports by USACATB personnel indicate that these early.publications were received with enthusiasm by the targeted enlistedaudience. _The use of cartoons, however, came under criticism by Someofficer personnel who considered them undignified and demeaning.
Since these initial efforts to produce user-oriented literature,.anumber of new equipment operator manuals have been produced through thecombined efforts of-the traird,ng (TRADOC) and the equipment (AMC) Commands.These manuals were designed to ilmit content to the operatot's needs; topresent content by means of illustrations

closely integrated with concise,supporting text; to avoid referencing from one page to another; and toemphasize warnings by use of a second colot (Braddock,1975).
Crew members' duties and crew drill procedures for crew-servedweapons have traditionally

been published in anyM while a separate TMdescribed the weapon, its operation, and maintenance. ANC.and TRADOChave recently completed and are preparing to field test a single operator'smanual containing all of\the information crewmen need to operate andmaintain a givedcrew-served weapon (Braddock, 1975).
The above are only a few examples of ongoing Army efforts o revisetraditional topic-oriented literature and prepare it as performance-oriented literature developed to meet the users' information needs whilein training as. well as on the job.

ASSESSING USEABILITY OF ARMY LITERATURE

As described at the beginning of this paper, early research focusedthe Army's attention on the reading difficulty level of its manuals.Subsequent research and studies by Army management broadened thisinitial focus to include the problems of content and the nbsence of a
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user-orientation in the design and,presentation of the information.
1

Now that various efforts are being made to develop literature intended
to surmount these problems, Elle Army's attention is being further
'extended to focus on the problems of.verifying the useability of new
manuals once produced and placed in the hands of the user.

The Army's long standing practice of sending new manuals to approp-
riate 'schools and field.commands for review and comments cannot provide
the type of information needed to verify useability in the hands of the
intended user (Highlander, 1975, Kern & Sticht, 1974), In looking for
an effective approach to this problem, Smith (Smith, H. L., 1975) has
proposed adopting the conceptual approach used for developing and verify-
ing the Army's Training Extension Course (TEC) materials.

TEC represents the Army's new approach gor developing multi-media,
performance-oriented, self-paced instruction which can'be exported to
Army field,units. These courses have utilized audio/visual, audio only,
and printed (programmed. text) media. The audio/visual version of TEC
is considered the "workhorse" of the program and may be Insed either on
an individual basis or a small group basis. The developmental approach
used in TEC (Smith, H. L., 1975) consists of first identifying-critical
tasks to be trained; secondly, analyzing, each task to determine optimum
procedures and to identify performance standards; thi-rdly, usins the
.per,Eormance standa.rds as a basis, developing --:.rformance tests; and
fourthly, developing traininz to teach the !;zrrmarwe test. A major
feature of ne evelopmntal cycle is the requiraMent that draft lesson
materials be to user testing to determine their effectiveness
jn co-fimunicating to the intendad soldier population. Soldiers' responses
to self-study questions contained in the lessons, their performance on
pre- and post-tests, and their responses obtained during interviews ate
studied to identify the need for revision of the materials. If revised,
materials are again subjected to user testing. This cycle continues .

until the materials meet previously specified crite-ia.for acceptance.

Smith (1975) reports that applying this same approach to development
of Technical Manuals will resnl-t in manuals which present otherwise com-
plex information in the form of step-by-step instructions. Furthermore,
by using this approach-to 'oncurrently develop training and Technical
Manuals, it is believed that, fewer tasks will be selected for training

1
It should be noted that researchers dealing with the desig,1 of job and
training literature to support equipment maintenance,personnel had
been focusing on the problems of identifying content requirements and
developing user-oriented literatUre for a number of years prior to
research reported in this paper. Fink (1967) presents an excellent
summary of conclusions, relevant to the issues, based on research
conducted for the Army up to 1967.
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since they can be adequately covered by step-by-step instructions presented
in the manual. 'TheArmyMateriel Command (AMC) and Training and Doctrine
Command (TRADOC) have recently joined forces to conduct a demonstration
project using this approach for concurrent development of improved techni-
cal manuals and training programs for the tank turret mechanic. Smith
describes the major steps in-this demonstration project as follows:

Step I Job Analysis This step is taken to insure a full
and accurate definition of the job, as it is actually performed
in the unit.

Step II Task Analysis - This step will identify the specific
activities to be performed, such as the detection, removal, or.
replacement of a faulty part on the tank turret. In th:i.s analysis
optimum procedures will be developed by skilled technicians. It
is tnrough these optimum procedures that the need for time consuming
decision will be eliminated from the mechanic's job.

Step III Structure Documentation and Training At this point
(Step III) a strategy for training and documentation will be
developed; Given, Ihe tasks and optimum procedures developed in
Step II, Tasks are identified for training site and media selection.
This step will identify tasks to be included in the training
program, or.in the manual.

Step IV Develop DoCumentation and Training_ The methods for
conveying the maintenance information are developed. The actual
lesson materials and technical manuals will be fleshed out.

In this last step, perhaps the most important of all, will be
validaLion. It is here that the training and technical data are
soldier tested to insure ability-to perform the ijob.

The demonstration will serve aS a learning vehicle for the
Army. A full evaluation will be made to document the benefits
and lessons learned so that application to other systems can be
made. (Smith, H. L., 1975, pp. 104-105.)

Smith does not elaborate on how the new manuals are to be user-
tested; that is, whether, as in TEC, the soldier testing will be part
of the,developmental cycle, or, as in the current Air Force studies
(Klesch, 1975), the soldier-testing represents 4 summative evaluation
of the'relative cost and performance effectiveness obtained under
different manual and skill level conditions.

Past Army Research on Manual Effectiveness
-

Several past Army research and development efforts have produced
new manuals as a component of experimental training programs (e.g.,
Gebhard, 1970; MacGaslin, Woodruff & Baker, 1959). In some instances
the manuals were developed to serve both as a training aid during
training and as a performance aid once on the job. Criteria used in
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these evaluations' have been performance on selected job tasks while
using the'saMe job aid or manual (experimental or conventional) the
soldier used during/job training (experimental or conventional).
However, since theste manuals were .developed as a component of the over-
all training package, the evaluations conducted have focused on the
effectiveness of the overall training package and not on the manuals
per se,

The one reported Army research effort, of which this writer is
aware, that compared effectiveness of a new manual against an existing,
conventional manual. ::lso used.performance on several selected job tasks
as the criteria (Rogers & Thorne, 1965). In this study, new graduates
of a missile maintehance course were carefully Paired and, effectiveness
of an experimental troubleshooting manual was studied by comparing the
performance of those using the manual with the performance of those using
the conventional'manual and notes used during their training.

Performance testing of the type referred to above is expensive. It
is considered necessary to IZ&D projects that-are seeking toestablish the
effectiveness of new techniques or approaches. However, it is too cUmber-
some and expensive to incorporate into an operational literature,quality
control program. In addition, evaluation studies using performance tests
as a criterion usually cannot be conducted at the individual's work site
and generally require that he be brought tb a special testing area and
perform under various other special conditions. As a result, in this
type of study we learn very little about the operational utility (or
useability) which the manual pcssesses for the man on the job.

Suggestions for Future R2search on Useabilit'y of Printed Materials
.

We need to develop relatively inexpensive ways of assessing the
useability of printed materials and of identifying design features that
make significant differences in Useability for given user groups. But,
before we can make progress in this regard we need to identify what we
mean by the term "useability" and the conditions under which it can-be
assessed. For example, perhaps the term "useability".can best be-T--
considered as a global term used to sdbsume .the following characteristics
,of the, printed material when:evalUated in relation to a given user
located in his expected work or training Site:

1. Design of manual for convenient work-site storage.

As Highlander (1975) points out, size of a manual should be
chosen based on its purpose and how:it vill be used. While this seems
obvious, itis a consideration that is apparently frequently overlooked.
Manual designers and developers are not at the work site, 'According to
Highlander, manuals for individual weapons which provide no reasonable
storage space should probably be pocketsized. However, a Manual for a
combatvehicle, which is required to carry a logbook, should take
advantage of the larger logbook. Size since it can be stored with the
logbook and always be with the vehicle.

220
228



7, User's knowledge of, or training in, how to use the manual.

People generally le-arn how to read the different type of infor-
mation displays they commonly encounter. Initial performance with a new
type of information display, e.g., the first encounter with a logic tree,
will,likely produce confusion and, if useage is on a voluntary.basis, may
result in avoidance of the manual. Studiesof various new types of job
aids have either incorporated them intothe training program, or, as in
the case of the Air Force (Klesch, 1975),- provided short periods of
training on how to use the job aid. Army researchers have also recognized
this need (Shriver & Trexler, 1966).

3. Ease of locating specific procedures or information in the manual.

This is another user problem area cited by Highlander (1975).
While part of the problem may be lack of knowledge and practice in using
indexes, Figures 6-A and 6-B illustrate how this can be made a tedious
task or a relatively simple task.

4. Ease of reading or comprehending specific procedures or passages
of information.

The problem of reading difficulty level have been discussed
earlier in thin pane/. With-the shift to performance-oriented printed
materials, however, narrative text has been sharply reduced in favor of
what are, frequently, anno.tated illustrations. Figures 7-A and 7-B
illustrate this contrast in design of the information display. What
effect'does 'this change have on the user's comprehensionofthe infor-
mationTresented? We can predict comprehension of the printed narrative
in Figure 7-A by using readability forr.,Alas. How can we assess and
predicthcomprehension of the information presented in Figure 7-B?

5. Ease.of Lansforming information or procedures to the form
required for task performance.

Improving ease of transforming information or procedures to the
form required for task performance is the core objective of performance-
oriented literature. Detailed analyses of job tasks are carried out to
provide the basis for preparing this literature. Can the extent of
achievement of this objective be assessed from the perspective of the
user?

6. Completeness of task-relevan Information.,

This characteristic splits out in two ways. One way concerns
inadequate information given in a procedure. For example, compare the
information presented in Figure 7-A with the corresponding content in
Figure 7-B. If you are a totally inexperienced tank gunner but capable
reader, which would you find most helpful? The second way concerns
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THE TANK GUNNER'S GUIDE

(Tank, 90-rnm Gun, M48A1)

Introdeetion

..

-nolo

Unineking the gun travel iock 1

Renrovica the blast deflector and bore evacuator 3

Maintaining the gun tube, blest deflector, and bore evacuator, weekly 7
1DV:tiling the bore evacuator and blast deflector_ 11

Disasfembling tbe breech 13

Nfsiotang the breech and breech mechanise , weekly 21

Alsembling the breech 23

N; tintaining the gua travel rock, weekly 29

Locking the gun travel lock 31

Reading the gunner's quadrant 33

Reading the elevation quadrant 39

Reading the azimuth indicator 43

Reading the computer. . 47

Chmt.ing the gunnops quadrant for accuracy . 51

Adjung the elevation ..pat.cknot 57

Putting the turret ioto power 61.

Checking the azimuth indicator for accuracy and olippage
Changing ammunition ,:funs in the compater

. -
63
65

Checking the manual and elearical operation of the computer 69

Fterno:ing the periscope 73

10-calling the periscope 75

Cleaning and inspecting the periscope 77
Removing the telescope 81

Ck xning and inspecting the telescope 83

luit:iling the telescope 87

Maintaining and irstalling the head set and ch:rst $et 89

Nlaintaloing the gnn tube before firing 93

Maintaining tlae blast dedector and bore evacuator before firing 97

Nlaintaining oil in the main gun recoil system 99

Adjusting the clearance or ttie ficins linkage
Checking the lights

.:
103
105

Checking the firing triggers for the main gun and for the coaxial machine gun 115

1.:ing the direct fire sights 119

BomsEghtiria the main gun 137

Zeroing the main guo 143

Searching for targets 149

Re.iponding to fire comniands 151

Adjuiting 5re .57
Firing and adjusting rim, coaxial machine gun. 159

Taking immediate action when the main gun fails to fire 163

Trouble.ahooting malfunctions of the main gun 165

Taking immediate action when the coaxial machine gun fails to fire 169

Preparing and firing from a rsnge. card 171

Maintaining the blast deP,mtor end bore evacuator after firing 175

Mnintaining the gun tube after firing 177

'Maintaining the breech after firing 179

Set:imt f.,nd using the battle sigh' ., 181

Firing and adjusting ricochet fire .185

Cakalating minimum elevation .. 18g

Firing from defilade 193

Checking the. gunner's stowage

Figure 6-A. A Table of COntents "Before".
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I. Maintaining the Main
.Gun, Weekly
A. Unlocking the Gun Trovel

Lock 1.
B. Removing the Blast De-

flector and Bare Evacuator 3
C. Maintaining the Gun Tube,

Blast Deflector, and aore
Evacuator, Weeldy 7

D. Installing the Bore Evac-
uotor and Blast Deflector 11

E. Disassemblino the Breech_ 13
F. Maintaining the Breech and

Breech Mechanisms, Weekly 21
O. Assembling the Breech 23
H. /Aointaining theGun Travel

Lock, Weekly 29
I. Lacking the Gun Travel

Loa 31

II. Reading the Tank Instruments.. 33-50
A. Reading the Gunner's

Quadrant - 23
3. Reading the Elevation

Quadrant 39
C. Reading the Azimuth

Indicator 43
D. Reading the Computer 47

III. Chocking the Tank Instruments 51-72
A. Checking the C:unner's

Quadrant far Accuracy 51
B. Adjusting the Elevation

Quadrant 57
C. ,Puiting the Turret into

Power 61
0.. Checking the Azimuth Indi-

cator for Accuracy and
Slippage

. 63'
E. Changing Ammunition Cams

in the Computer 65
F. Chetldng the Manual and

Electrical Operation of the
Computer

TABLE OF CONTENTS

Pages

IV. Maintaining the. Direct Fire
Sights
A. Removing the Periscope
B. Cleaning ahd Inspecting the

Periscope
C. Installing the Periscope
D. Removing the Telescope
E. Cleaning and Inspecting

the Tele:cape
F. Installing.the Telescope

Befere-Firing Procedures
A. Maintaining and Installing

the Head Set and Chest Set

69.

72-88
73 '-

75
79
81

83
87

89-118

89

Pages
B. Maintaining the Main Gun

Before Firing _ 93-104
1. Maintaining the Gun

Tube Before Firing 93
2. Maintaining tha Breech

Before Firing 95
3. Maintaining the Blast

Deflector and Bore
Evacuator Before Firing 97

4. Maintaining Oil in the
Main Gun Recoil System 99

5. Adjusting the Clearance
of the Firing linkage 103

C. Checking the Lights 105
D. Checkivg the Firing Trigge rs

fcr the Main Gun and for
the Coax.ol Machine Gun _ 115

VI. Firing Procedures
A. Using the Direct Fire Sights
B. Boresighting the Main Gun
C. :Zeroing the Main Gun
D. Searching for Targets
B. Respanding ta Fire

Commands 151
F. Adjusting Fire ____ 157
G. Firing and 'Adjusting Fire.

Coaxial Machine Gun 159
H. Toking Immediate Action

When the Main Gun Fails
to Fir e 163

I. Trauble.Shooting Mal-
faintions of the Main Gun_ 165

J. Taking Immediate Action
when the Coaxial Machine
Gun Fnils to Fire 169

Vil. Prcparing and Firing from a
Range Card 171-174

VIII. After-Firing Procedures 175-180
A. Maintaining the Main Gun

After Firing
1. Maintaining the Blast

Deflector and Bore
Evacuator After Firing _ 175

2. Maintaining the Gun
Tube After Firing

I 177
3. Maintaining .the Breech

After firirig 179

IX. Procedures in.Special Situations 181-196
A. Setting and Using the

Battle Sight 181
B. Firing ond Adjusting

Ricochet Fire 185'
C. Calculating Minimum

Elevation 189
D. Firing from Defilade ---- 193

X checking the Gunner's
Stowage 197-198

119-170
119
137
143
149

Figure 6-B. The Same Table of Contents "After".

231

223



C
ha

pt
er

 3
C

 2
, T

M
 9

-2
35

0-
21

5-
10

P
ar

ag
ra

ph
s 

3-
21

7 
lo

 3
-2

70

2-
37

A
2 

an
d 

ro
la

te
 k

no
b 

un
til

 m
ic

ro
m

et
er

 a
nd

az
im

ut
h 

po
in

te
rs

 :r
e 

at
 z

er
o.

.
C

.
T

ra
ve

rs
e 

th
e 

tu
rr

et
 m

an
ua

lly
 th

ro
pi

th
 a

co
m

.p
te

ti 
ci

rc
le

 u
nl

it 
pe

ris
co

pe
 M

31
 o

r 
M

32
re

tr
el

e 
ai

m
in

g 
cr

os
s 

ts
 la

id
 o

n 
th

e 
or

ig
in

al
ai

m
in

g 
po

in
t.

d.
A

ss
ur

e 
az

tin
ut

h 
in

di
ca

to
r 

m
ic

ro
m

et
er

 a
nd

az
im

ut
h 

po
in

te
rs

 a
re

 a
t z

er
o.

If 
bo

th
 p

oi
nt

er
s

ar
e 

no
t a

l z
er

o,
 n

ot
ify

 o
rg

an
iz

at
io

na
l m

on
de

-
na

ile
r 

pe
rs

on
ne

l.

12
3-

20
7.

 A
zi

n;
ut

h
In

di
ca

to
r

M
2C

A
1

or
 M

38
12

'S
lip

pa
ge

 T
es

t.
T

o 
ch

ec
k 

fo
r 

sl
ip

pa
ge

 o
f t

he
az

im
ut

h 
in

di
ca

to
r,

 p
ro

ce
ed

 O
s 

fo
ilo

w
s:

a.
 P

er
fo

rm
 s

te
ps

 a
 a

nd
 h

ot
 it

ar
ag

ra
ph

3-
26

6.
-

-
b.

 T
ra

ve
rs

e 
th

e 
tu

rr
et

 r
ap

id
ly

 in
 p

ow
er

 a
nd

st
op

 s
ud

de
nl

y;
 r

ep
ea

t t
hi

s 
op

er
at

io
n 

tw
o 

or
 M

or
e

tim
es

 in
 th

e 
sa

m
e 

di
re

ct
io

n.
T

ud
n 

of
f t

ur
re

t
po

w
er

,
c,

M
an

ua
lly

 tr
av

er
se

 th
e 

tu
rr

et
 in

 th
e 

op
-

po
e 

di
re

ct
io

n 
un

til
 th

e 
pe

ris
co

pe
 5

13
1 

or
 1

03
2

se
t r

e 
le

 a
lm

in
g 

cr
os

s 
ts

 la
rd

 w
ith

e 
O

rit
.fi

lta
t a

im
in

g
po

in
t. d.
 A

ss
ur

e 
az

im
ut

h 
im

ilc
at

or
 m

ic
ro

m
et

er
 a

nd
as

in
ni

th
 p

oi
nt

er
s 

ar
e 

'a
t z

er
o.

 U
 b

ot
h 

po
tn

te
rs

ar
e 

no
t a

t z
er

o,
 n

ot
ify

 o
rg

an
is

at
io

na
l m

ai
nt

e-
na

nc
e 

pe
rs

on
ne

l,
e.

 U
 b

ef
it

po
in

te
rs

 b
ut

ic
at

e 
ze

ro
, .

re
pe

at
st

ep
s 

b 
th

ro
ug

h 
0.

 la
 o

pp
os

ite
 d

ire
ct

io
n,

3-
28

6.
: B

al
lis

tic
 C

om
pu

te
r 

1.
11

3A
ID

 o
r 

M
13

A
2

T
es

t. 
T

o 
te

;t 
th

e 
ba

ilr
ot

ry
 c

on
:p

ul
er

, p
ro

ce
ed

as
 fo

llo
w

s:

,
a.

W
ith

 th
e 

ra
ng

e 
co

rr
ec

tio
n 

kn
ob

 'o
f t

he
ba

F
i-s

ite
 c

ui
np

ut
er

 R
tin

.r
e 

2-
35

) 
at

 z
er

o,
 r

ot
at

e
th

e 
ra

ng
e 

4:
nu

b 
oi

l r
an

ge
 fi

n 
te

r 
(f

ig
ur

e 
2-

27
)

an
d 

de
te

rn
un

e 
ot

ot
he

r 
th

e 
in

r.
.r

 (
ra

hg
e)

pc
hi

te
r

Ir
a:

co
te

s 
th

e 
S

JI
T

C
 r

an
ge

 o
n 

th
e 

co
m

po
te

:r
ou

ge
O

ra
l t

ha
t I

s 
in

de
xe

d 
N

I t
he

 r
an

ge
. s

ca
le

 c
f t

he
ra

ng
e 

tir
.r

tr
r.

'M
ak

e
th

is
 c

he
ek

 fu
r 

va
rt

on
s

ra
ng

es
.

5.
In

de
x 

a 
ra

ng
e 

of
 1

,0
0,

 1
,2

03
, o

r 
2,

00
0

M
el

er
s 

on
 th

e 
ra

ng
e 

sc
al

e 
of

 th
e 

ro
ng

e
C

.
!Il

ex
 a

of
 a

m
m

o:
tu

t:o
n 

;li
th

e 
co

m
pu

te
r

.
-

as
 s

ho
,r

. :
I. 

pr
oc

ed
ur

e 
7 

of
 fi

gu
re

 2
-2

5.
;I.

T
ur

n 
ih

e 
co

m
pu

te
: o

n 
as

 s
ho

w
n 

in
 fi

gu
re

2-
57

 a
nd

 d
el

er
in

tn
e.

w
lre

lh
er

 th
e 

so
pe

re
le

va
lio

n
ou

tp
ut

 s
ha

lt 
ah

d 
so

pe
re

le
va

tio
n 

ac
tu

at
or

 s
ha

ll
ro

ta
le

,

3-
12

8

e.
 D

et
er

m
in

e 
w

he
th

er
 L

he
 o

ut
er

 (
eu

pe
re

le
va

-
tio

li)
 p

oi
nt

er
 m

ov
es

 to
 m

at
ch

 th
e 

tim
er

 (
ra

ng
e)

po
in

te
r.

1.
D

et
er

m
in

e 
w

he
th

er
 th

e 
co

rr
ec

t s
up

er
--

el
ev

at
io

n 
fa

r 
th

e 
ra

ng
e 

an
d 

ai
rr

ou
ni

tr
on

 s
el

ec
te

d
is

 it
ni

tc
at

ed
 o

n 
th

e 
su

pe
re

le
va

tio
n'

 n
ul

l c
ou

nt
er

.
(U

se
 fi

rin
g 

ta
bl

es
.)

3-
26

9,
F

ire
C

on
tr

ol
(e

le
va

tio
n)

Q
ua

dr
an

t
.r

hi
tO

) 
nr

 1
31

:1
45

3 
(1

0O
M

) 
A

tI:
lio

tio
7C

-i-
d-

rd
e.

17
;:e

 ft
C

oh
tt 

tit
 (

et
ev

al
IT

;1
1 

qo
ar

tr
ao

t,
pr

oc
ee

d 
a$

 fo
llo

w
s:

a.
Le

ve
l t

he
 1

05
-n

um
 r

un
 u

st
ng

 a
 c

or
ie

ct
el

gu
ie

r's
 m

ia
tfr

an
t X

t1
/4

1 
M

oi
re

 2
-4

1)
.

W
ith

ou
t d

is
tu

rb
in

g 
th

e 
:a

y 
of

 th
e 

I0
5-

in
m

gu
t:,

 c
ei

de
r 

th
e 

bu
bb

le
 in

 th
e 

le
ve

l v
ia

l o
f t

he
fir

e 
co

nt
ro

l q
ua

dr
an

t (
fig

ur
e 

2-
35

) 
by

 r
ot

at
in

g
th

e 
el

ev
at

io
n 

kn
ob

.
e.

 C
he

ck
 U

m
 e

le
va

tio
n 

sc
al

e.
If 

ze
ro

 Is
 u

ot
lin

tr
ae

d 
M

I t
hi

s 
sc

al
e,

 M
os

t:a
 th

e 
sc

re
w

 a
t e

ac
h 

-
N

O
 o

f t
he

 s
e.

rie
it 

un
til

 z
er

o 
is

'o
vh

os
ite

th
e 

el
ev

.it
to

o 
sr

al
e

T
ig

t.t
et

i t
he

 s
cr

ew
s.

rt
.

C
he

ck
 th

e 
m

ic
ro

m
et

er
 s

cn
le

,
If 

ze
ro

 is
rio

t-
in

de
xe

d,
 lo

os
en

 th
e 

th
re

e 
sc

re
w

s 
on

 th
e 

el
-

ev
at

io
n 

kn
ob

, t
he

n 
sl

ip
 th

e 
m

ic
ro

m
et

er
 s

ca
le

.
C

he
ck

 th
e 

1-
ra

tib
le

 to
 b

e 
su

re
 it

 is
 s

til
l c

en
te

re
d

In
 th

e 
le

ve
l v

ta
l; 

if 
it 

ts
, t

ig
ht

er
, t

he
 th

re
e 

sc
re

w
s

on
 th

e 
el

ev
at

io
n 

kn
ob

, a
nd

 th
e 

in
st

i u
m

en
t I

s
re

ad
y 

fo
r 

us
e.

II
th

e 
bu

irl
ile

 is
 n

ot
 c

en
te

re
d,

re
pe

at
 th

e 
ad

ju
st

m
eo

t p
ro

t

T
M

 0
-2

32
0-

21
5-

10
C

h
P

ar
ag

ra
ph

s 
3-

27
1 

L

qu
ad

ra
nt

 e
nd

-f
or

-e
nd

.
W

he
n 

la
yi

rg
 th

e 
gr

an
 to

a 
gi

ve
n 

el
ev

at
io

n,
 a

dd
 th

e 
co

rr
ec

tio
n 

to
 th

e 
gi

ve
n

an
gl

e,
W

he
n

m
ea

su
rin

g
ex

is
tin

g
el

ev
at

io
n

ar
gl

es
;

su
bt

ra
ct

th
e

co
rr

ec
tio

n
fr

om
 th

e
m

ic
ro

m
et

er
 k

no
b 

re
ad

In
g,

e.
Id

 th
e 

bb
bb

le
 d

oe
s 

no
t r

ec
en

te
r 

w
he

n 
th

e
m

ic
ro

m
et

er
 L

s 
tu

rn
ed

, t
he

 c
or

re
ct

io
n 

is
 m

in
us

(n
eg

at
iv

e)
.

T
he

 a
m

ou
nt

 o
f c

or
re

ct
io

n 
is

 d
et

er
-

m
u.

..A
 a

s 
fo

llo
w

s:
 D

ro
p 

th
e 

el
ev

ah
on

 In
de

x 
to

-1
0 

.(
di

re
 o

nt
et

t L
el

ow
 ic

ro
),

 r
ot

at
e 

th
e 

m
ic

ro
m

-
et

er
 k

no
b 

un
til

th
e 

bu
bb

le
 Is

 C
en

le
re

d 
be

lo
w

ze
ro

; s
ub

tr
ac

t t
he

 n
itc

re
in

re
ie

r 
re

ad
in

g 
fr

on
t 1

0,
ar

id
 d

tle
le

 th
e 

re
m

at
od

er
 b

y 
2.

 S
et

 ti
ns

 a
dj

us
te

d
re

ad
in

g 
or

. t
he

 m
ic

ro
m

et
er

 s
ta

te
; c

en
te

r 
bu

bb
le

by
 d

ep
re

ss
in

g 
gu

n;
 tu

rn
 q

ua
dr

an
t e

nd
-f

or
-e

nd
to

 v
er

ify
. W

he
n 

la
yi

rg
 th

e 
gu

n 
to

 a
 g

iv
en

 e
le

va
-

tio
n,

su
bt

ra
ct

 th
e 

co
rr

ec
tio

n 
fr

om
 li

te
 g

iv
en

el
ev

at
io

n 
au

gl
e.

 In
 th

e 
ev

en
t t

he
 r

em
ai

nd
er

 th
us

ob
ta

in
ed

 is
 le

ss
 th

an
 z

er
o.

 d
ro

p 
th

e 
in

de
x 

to
-1

0;
 s

tit
hr

ac
i t

hi
s 

re
m

ai
nd

er
 fr

on
t 1

0 
an

d 
tr

id
ex

th
e 

re
so

lta
nt

 a
oo

le
 o

n 
th

e 
er

re
 c

ur
ve

t C
r,

U
ln

en
or

ea
su

rio
i.;

 m
r 

rx
ItA

tir
g 

el
ev

at
io

n 
au

gl
e,

 a
dd

 th
e

co
rr

ec
tio

n 
to

 th
e 

m
ic

ro
m

et
er

 r
ea

di
ng

.
f.

If
th

e'
 r

eq
ui

re
d 

co
rr

ec
tio

n 
ex

ce
ed

s 
0,

4
m

il,
 n

ot
ify

 o
rg

an
iz

at
io

na
l m

ai
nt

en
an

ce
 p

er
so

n-
ne

l.

3-
27

0.
G

in
nl

er
's

 Q
.;.

ol
ra

ot
 h

it/
it

T
o.

 In
st

 th
e

ze
ro

 S
et

riu
g 

te
oi

(-
fe

r-
er

it 
te

st
) 

ci
t t

he
 Ir

.:n
ite

r's
ip

aa
dr

an
t, 

pr
oc

ee
d 

as
 M

ilo
s:

a.
S

et
 b

ot
h 

th
e 

In
nh

-x
 a

r1
:1

 a
nd

 th
e 

rif
iZ

ro
nt

-
et

el
r 

sc
al

e 
at

 z
er

o.
b.

P
la

ce
 th

e 
T

.:A
i-a

nt
 o

n 
tin

e 
qu

ad
ra

nt
 s

::.
's

O
f F

IT
e 

br
ee

ch
 r

ie
f; 

w
ith

 !h
., 

'J
ae

/ "
Li

ne
 e

f
at

.r
ow

 p
ot

tit
ed

 to
..:

nr
d 

th
e 

no
lz

zl
e.

C
en

te
r 

:h
e

51
:1

4:
le

 .
by

el
ev

at
in

g
or

 d
ep

t c
s5

In
g

tll
e

go
o,

c.
 T

hr
n 

th
e 

qu
a:

dr
.:A

t
co

d-
fd

r-
en

id
.

1/
 !b

e
bu

al
e 

ru
ce

tr
ie

rs
 it

se
lf,

 th
e 

io
n:

P
an

t t
o 

ie
 p

er
fe

ct
ad

;u
st

er
en

t,
If 

th
e 

bu
ttU

e 
do

es
 n

ot
 r

ec
er

re
r 

It-
se

lf,
 tr

y 
to

 c
en

tu
r 

th
e 

th
ib

bl
e 

by
 tu

rn
in

g 
th

e
nd

_c
ro

in
et

er
 k

no
b.

d.
If

th
e 

1K
ill

bl
e

re
ce

iv
er

s,
 th

e 
co

rr
ec

no
n

Is
pl

us
 (

po
si

tiv
e;

 a
nd

 e
ci

oa
:

to
 o

nc
-h

al
f_

 th
e

m
ic

ro
m

et
zr

 r
es

cl
in

g.
S

et
 th

is
 a

d;
us

te
d 

re
ad

in
g

on
 th

e 
m

tc
ro

in
et

er
 s

ca
le

; t
er

rie
r 

bo
bb

te
 b

y 
cl

-
ev

al
ln

g 
th

e 
gu

n;
 v

er
ify

 c
cr

re
ct

io
n'

hy
 tu

rn
in

g

2-
27

1.
 D

rI
ve

r'o
 In

fr
ar

ed
t'n

ris
eo

tr
e 

10
24

 A
d-

A
llA

st
 th

e 
cr

is
ee

's
 to

tr
O

re
d 

pe
n-

t:C
(4

.e
 a

s 
sh

ow
n 

in
 p

ro
ce

du
re

 7
 o

f f
ig

ur
e 

2-
13

,

3-
27

Z
. C

en
ne

r's
 P

cr
is

co
re

 M
ou

nt
 7

.1
11

5 
A

d-
1:

z:
in

te
nt

.
T

o 
sc

lm
st

 th
e 

he
ad

re
st

 o
f g

ut
tn

er
's

pe
ris

co
pe

 m
ou

nt
 l.

:1
15

,
sl

id
e 

he
ad

re
st

 h
or

i-
zo

nt
al

ly
 b

el
uc

et
tU

tc
 tw

od
et

cu
tp

os
itl

os
s.

 L
oo

se
n

th
e 

tw
o 

w
in

g 
ou

ts
 ta

 a
llo

w
 in

w
ar

d 
or

 c
ut

:w
ar

d
ad

pi
sl

ui
en

t o
f

1,
t5

he
ad

re
st

.
T

o 
po

si
t:e

a 
th

e'
he

ad
re

st
 v

er
Le

al
iy

, l
oo

se
r:

 th
e 

iri
s 

sc
re

w
s-

he
-

cu
rin

g 
th

e 
he

a.
ire

at
 m

uo
nt

in
g 

to
ac

kn
! t

o 
th

e
he

r.
d 

th
e 

lic
.:d

re
st

 a
rm

s 
lo

w
ar

d 
or

 p
oi

-
w

ar
d 

to
 fa

 c
on

ic
al

- 
cf

 b
ea

d.

3-
27

3.
 G

un
ne

r's
 P

er
is

co
pe

 b
io

un
t M

11
3 

A
d-

T
e 

ad
j.:

A
 th

e 
In

ea
.f,

 e
st

tit
 g

oo
be

r's
pe

ris
co

pe
 n

iu
uh

t M
ll6

, l
oo

se
n 

he
ad

re
st

 a
di

os
!.

itr
g 

kn
qb

s 
an

d 
m

ov
e 

he
ad

re
st

s 
iro

eu
rd

 a
nd

 o
ut

-
w

or
d 

as
 w

el
l a

s 
ve

rt
ic

al
ly

.
T

he
 h

ea
dr

es
ts

ar
e 

ea
si

ly
 a

dt
us

ta
bl

e 
to

 fi
t

th
e 

co
nt

ou
r 

O
f t

he
gu

nn
er

's
 h

ea
d,

F
i
g
u
r
e
 
7
4
.

S
a
m
p
l
e
 
o
f
 
P
r
i
n
t
e
d
 
N
a
r
r
a
t
i
v
e
.

3-
27

4.
 R

an
ge

 F
in

de
r 

10
17

6-
 o

r 
M

12
A

1
m

en
t.

X
an

is
t r

an
ge

 ?
M

et
er

 h
ea

dr
es

t a
In

 v
ie

w
 1

 o
f f

ig
ur

e 
2-

51
.

3-
27

5.
 T

el
es

cn
ne

 M
I=

 o
r 

M
I 0

5D
 A

di
e

A
dj

us
t t

he
 te

le
sc

op
e 

(f
ig

ur
e 

2-
1.

6T
he

ad
w

ar
d 

or
_ 

ou
tw

ar
d 

by
 lo

os
en

tn
g 

th
e 

ad
:

kn
ob

 lo
ca

te
d 

on
 lo

p 
of

 th
e 

te
le

sc
op

e.

3-
27

6.
 T

hi
pe

re
le

va
tio

n 
C

he
rk

, T
he

 s
up

er
lio

n 
C

he
ek

 fo
r 

th
e 

pr
im

ar
y 

di
re

ct
 s

ig
ht

fir
e 

co
nt

ro
l s

ys
te

m
 s

ha
ll 

he
 p

er
fo

rm
ed

pl
ai

ne
d 

in
 th

e 
fo

llo
w

in
g 

ex
am

pl
e,

a.
 T

ur
n 

ba
lli

st
ic

 c
om

pu
te

r 
sW

itc
h

ra
rii

F
e 

fin
de

r 
to

 th
e 

O
F

F
 p

os
iti

on
.

b.
 P

us
h 

in
 3

nd
 r

ot
at

e 
et

ip
er

el
ev

at
IC

cr
aT

ic
 o

f b
al

lis
tic

 c
om

pu
te

e 
(f

ig
ur

e 
2-

52
su

pe
re

le
va

tio
n 

co
un

te
r 

at
 z

er
o.

c,
In

de
x 

A
P

O
S

-T
, 1

13
62

A
l a

m
m

un
iti

o
ba

lli
st

ic
 c

om
pu

te
r 

by
 tu

rn
in

g 
an

ito
un

iti
on

cl
oc

kw
is

e 
ae

d 
pu

sh
in

g 
lie

di
rll

e 
In

 a
nd

 o
ut

.
d.

E
le

va
te

or
 .d

ep
re

ss
10

5-
ni

rn
pr

es
cr

ib
ed

 u
ni

t! 
10

5;
m

m
 g

un
 is

 a
pp

ro
xi

at
 z

er
o 

el
ev

at
io

n.

R
ol

e.
 D

o 
no

t m
ai

e 
an

y 
fu

rt
he

r 
ad

Ju
i

to
 th

e 
la

y 
of

 th
e 

gu
n.

e.
 M

ac
e 

gu
nn

er
's

 q
ua

dr
an

t M
IA

:
qu

a7
ra

ni
 s

ea
ls

 o
f 1

05
-n

rm
 r

un
 b

re
ec

h 
ri

in
sc

rib
ed

 a
rr

ow
 o

n 
qu

ad
ra

nt
 u

oi
nt

ru
g

m
uz

zl
e 

of
, I

05
-m

irn
 r

at
).

.2
.e

 te
n

bu
bb

le
 o

n 
th

e 
qu

ad
s-

bi
d 

an
d 

re
co

rd
 th

a 
;

S
ig

ht
.

f.
R

ot
at

e 
ra

ng
e 

sc
al

e 
Ilg

ht
 k

no
t; 

dn
m

e:
7 

Ili
tM

 p
an

el
 o

f r
ai

ge
 fi

nd
er

 tf
ig

br
i

to
 th

e 
O

R
 p

os
itt

on
.

g.
R

ot
at

e 
ra

rg
e 

1.
:c

h 
of

 r
an

ge
 !h

id
e

th
e-

ra
ng

e 
sc

al
e 

at
 2

20
 m

et
er

s.
h.

 T
ur

n 
th

e 
ba

llt
st

:c
 c

on
in

al
er

 s
se

tte
t

ra
ng

e 
fin

de
r 

to
 th

e 
O

R
 p

os
irt

s,
 to

 te
rn

11
th

e 
co

m
pu

te
r.

I.
P

os
h 

in
 r

es
et

 b
ei

tto
u 

of
 c

om
pu

te
r.

R
ol

e.
A

ct
iv

at
in

g 
th

e 
ba

lli
st

ic
 c

om
pu

t-
in

tu
rn

, I
nt

ro
du

ce
 s

up
er

el
ev

al
lo

n 
(b

y 
I!

lis
ilc

 d
riv

e)
 In

to
 th

e 
lin

e 
of

 E
te

h:
 o

f t
he

 jp
pe

ris
co

pe
 M

ill
 o

r 
1.

13
2 

ra
id

 th
e 

ra
ng

e 
fin

e
w

ill
 In

tr
od

uc
e 

su
pe

re
le

va
tio

n 
to

 tb
e1

62
-t

by
 th

e 
zu

pe
re

le
.a

tio
n 

ac
tu

at
or

,



T
M

 9
-1

01
5-

03
4-

12

G
U
N
N
E
R
S
 
Q
U
A
D
R
A
N
T
 
E
N
O
 
-
 
F
O
R

E
N
D
 
T
E
S
T

IN
 T

O
LE

R
A

N
C

E
 4

0,
4

N
O

T
 A

C
C

E
P

T
A

B
LE

 4
0.

5 
-0

.E
or

 g
re

ot
er

In
ip

ec
t b

re
ec

h 
or

2
In

sp
ec

t q
ua

th
an

t
el

ev
at

io
n 

qu
ad

ra
nt

 s
ea

ts
.

sh
oe

s.

r
4

P
oi

nt
 q

ua
dr

an
t a

t

IF
 0

1.
13

6L
E

 C
E

N
T

E
R

S
,

T
E

S
T

 IS
 C

O
M

P
LE

T
E

.

7
B

ub
bl

e 
sh

ou
ld

 r
ee

le
r.

If 
ba

bl
e 

do
es

 n
o

ce
nt

er
, g

o 
to

 s
te

p 
8.

5
D

ep
re

ss
/e

le
va

te
 tu

he
to

 c
en

te
r 

bu
b.

)1
c.

8
C

en
te

r 
bu

bb
le

 w
ith

m
ic

ro
m

et
er

 k
no

b.
If

bo
bb

le
 c

en
te

rs
, g

o 
to

sl
ap

 9
.

If 
it 

do
es

 n
ot

,
go

 to
 s

te
p 

16
.

C
i.'

:_
:"

tr
--

-2
11

-;
:;'

,
, :

E
!.

=
, 5

 -
-P

''.
1.

6
R

ev
er

se
 d

ire
ct

io
n.

P
O

S
IT

IV
E

 C
O

R
R

E
C

T
IO

N

c 
4.

01
'

'I
D

iv
id

e 
m

ic
ro

m
et

er
re

ad
in

g 
by

 2
.

10
 P

ut
 r

es
ul

t o
n 

m
it/

om
en

:
II 

P
oi

nt
 c

w
od

ro
nt

 o
r

.
sc

al
e.

-
-

D
ep

re
ss

/e
le

nn
te

 tu
be

to
 c

en
te

r 
bu

bb
le

.
_

.

G
U
N
N
E
R
'
S
 
Q
U
A
D
R
A
N
T
 
E
N
D
 
-
 
F
O
R
 
-
 
E
N
D
 
T
E
S
T

-
 
C
o
n
t
i
n
u
e
d

t

L.
.t)

_
R

ev
er

se
 d

ire
ct

io
n.

--
cm

?

N
E

G
A

T
IV

E
 C

O
R

R
E

C
T

IO
N

'
(3

ub
bl

e 
di

d 
no

t c
en

te
r

at
 s

te
p 

8)
.

9 
S

et
 in

de
x 

at
 m

in
us

 le

1
9
.
8

2

D
 D

iv
:d

e 
su

m
 b

y 
2.

B
ub

bl
e 

sh
ou

ld
 c

en
te

r.

T
M

 9
-1

01
5-

23
4-

12

la
k;

C
t_

ea
tO

D
 R

ec
or

d 
en

d-
fo

r-
en

d
co

rr
ec

tio
n.

C
rit

er
 b

ub
bl

e 
w

ith
m

ic
ro

m
et

er
 k

nc
b.

A
dd

 1
0 

to
 m

ic
ro

m
et

er
re

ad
in

g.

'I
D

ep
re

ss
/e

le
ve

n:
 ti

ee
to

 c
en

te
i b

s,
bb

le
.

25
 S

ub
tr

ac
t r

n
re

ad
in

g 
ho

cr
or

ne
te

r
In

 1
0.

10
.0

-
9
.
9

-0
.1

26
 R

ec
or

d
en

d-
fo

r-
en

d
-

co
rr

ec
tio

n.

Ik
bb

ie
 s

ho
ul

d 
ce

nt
er

'. r1

Q
:L

.7

F
i
g
u
r
e
 
7
-
B
.

A
n
n
o
t
a
t
e
d
 
I
l
l
u
s
t
r
a
t
i
o
n
s
 
D
e
r
i
v
e
d
 
f
r
o
m
 
t
h
e
 
P
r
i
n
t
e
d

N
a
r
r
a
t
i
v
e
.



information scattered throughout a given manual or across several manuals.
This issue has been addressed by recent attempts, for example, to collect
all crew, member operator infolmation into a single manual for a given
crew-served weapon (Braddock, 1975).

7. Accuracy of information.

This is obviously an important characteristic and one that is
dealt with extensively in papers presented at a recent symposium on
technical data sponsored by the National Security Industrial Association.
Validation for accuracy is expected to be accomplished during the equip-
ment development cycle. However, it is- clear that achievement of this
objective is much more probable after the equipment has been in service
for some period of time.

8. Ease of updating manual.

This characteristic is one that achieved frequent mention in
the user survey conducted by Showel and Brennan (1976).

9. Readership or extent of useage of the manual.

Manuals May be provided for every job in the Army.. However, use
of these manuals by incumbents of different jobs would be expected
vary as a function of the nature of the incumbent's job tasks, the -

incumbent'S supervisor or other external sources such as Department of
the Army requirements for passing Skill Qualification Tests. In the
midst of this static, however, one would expect-higher readership to
be associated with the more "useable" manuals.

If we can make progress in conceptualizing "useability" and
identifying design features that make signifiCant differences in
useability, then the next major task is to develop the capability to
predict useability from design.plans for. manuals proposed for use with
a given user group.
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COMMENTS ON'THE PAPER BY KERN

,Michael Macdonald-Ross

The Open University

Macdonald-Ross made many of.his comments-while critiqueing, figures
Kern had presented from a guidebook for Ammy writers. He made Several
points regarding design features of texts: headings, white space, and
typography are supposed to be used as signposts telling the eye what is
important to look at, and facilitating 'the eye's examination of the page;
headings are supposed to tell the mind.what the coatent is. Improper
use of these design features leads to confusion- He 7-Dinted out that
numbers mean order, though they are frequently used simply to itemize or
to separate ideas. The lattei uses can lead to a proliferation of numbers
and again lead to confusion in reading. A second.najor point made was
that expert know-how exists in the korm of design-specialists,- expert
editors, typographers, table setters, and inuutrntors.. Much of the
knowledge these expert craftspersons have ,3 implicit or tacit, and he
suggested that researchers Should study these people and articulate
their know-how in an explicit manner so thatbetter.guidebooks and
training programS for text producers.might ha devZioped.
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TECHNICAL ORDER USEABILITY

Robert C. Johnson

Air Force Human Resources Laboratory

The useability factor has not always been a prime consideration in\
the development of technical data. Until recent years, the basic require-
ment-for technical data wa:- to describe the system or component. The
maintenance requirements ,ic.re identified, and to varying extents some
detailed information was given on hnw to actually accomplish the job.
The traditional Air ForCe Technical Order (TO) is a large, bulky, hard-
bound book full of words and some pictures. It does contain an enormous
amount of information. Much of the time, however, the necessary data is
not easily retrievable. All too often the data is not easily understood,
or complete, when it is located. Specific instructions on how to do a
job are often virtually lost in the surrounding paragraphs of system
theory and description. Because of their large size and the bulky binder
they are placed in, most TOs will not stay flat and open at the work site,
and are generally too big and heavy to encourage much use on the flight
line.

In the past several years, the Air Force Human Resources Laboratory's
Advanced System Division (APHRL/AS) and many other organizations have been
working to improve the content and useability of technical data. One of
the most popular new data concepts is generally referred to as Job Perfor-
mance Aids (JPAs).

At AFHRL our work on useability has been part of a larger effort to
develop JPAs. JPAs are a very special kind of TO. Having been designed
and developed specifically to increase effectiveness and useability, JPAs
have several very distinct characteristics. The most obvious character-
istics are the small, pocket size, the step-by-step detailed procedures,
and the extensive use of good illustrations (See Figure 1). AFHRL work
in JPA research over the past 12 years has led to other developMents that
are not as obvious to the user, however. Many of these less obvious
developments actually provide the real strength of JPAs.

HOW TO DEVELOP USEABLE DATA

The following processes
1

are required by our draft specification
for JPAs, contained in AFHRL-TR-73-43. We believe that the-) are essential
to the development of complete, accurate, and useable JPAs. Many of these
processes would also be applicable to the development of traditional TOs.

1
Specific details on the content-and utilization of,these processes are
contained in AFHRL-TR-73-43 (Joyce, et al., 1973a). The Ap numbers are
AD775702 and AD775706, or they may be obtained from: Mr. Robert C.
Johnson, AFHRL/ASR, Wright-Patterson AFB, OH 45433, Autovon phone
785-2606.

236

228



T.O. 10-141A,-2-4.10-4
1

REMOVE AND TNSTALL FUEL PUMP

Install Fuel Pump On Engine:

CAUTION

_ Do not use any lubricant,
other than engine oil on
.mating splines (1). Use of
grease can oil feed
holes in engine gearbox and
restrict oil flow during
engine operation.

6. Lubricate fuel pump mating
splines (1) with engine oil,
MIL-L-7808.

CAUTION

Do not allow weight of fuel
pump to rest on shaft
splines (1) during
installation. Undue weight
can impose stress on gearbox
shaft oil seal, causing seal
damage.

7. Working with assistant,
raise fuel pump into position.
Align pinholes (4) in pump with
pins (3) on gearbox mounting

i

flange (2).

3. Install fuel pump on
gearbox mounting flange (2).

VJ

T.O. 10-141A-2-4JG-4

4c7-55_

t r; Is=1

ft ::112k4 j

Figure 1. Example of Job PerfOrtance Aid Fortat
and Use of Illustration.
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1. A maintenance task analysis - This process forces a thorough,
accurate, systpmatic look at the tasks required. Several intermediate
products are required to inSfire that all tasks are identified and
analyZed.

2. A formal user assessment - This process identifies and describes
the expected user of the TO. The ot7ject is to gather as much information
about the typical user as is reaSonably possible in order to write the TO
to fulfill his specific needs. Experience, training, aptitudes, reading
levels, etc., are examples of the kind of data collected.

3. A JPA/trainin.g tradeoff - Thia process involves the JPA contractor,
the Air Force procuring agency, and the Air Training Command. The object
is to identify what information will be taught in training, what.will be
contained in the JPA, and what should be covered in both,training and the
JPA. It alSo requires close cooperation between the contractor's technical
data and training divisions. We feel that this helps ensure complete data
coverage in either training or JPA, and results in more realistic, accurate
data for both.

4. The level-of-detail guide - This process is a set of guidelines
for deciding how_much detail is required. These rules are developed in
consideration of the task analyst's knowledge of the system, from infor-
mation.from the user assessment and the JPA/training tradeoff processes,
and from the desired quality of_performance.

5. Writing requirements - In addition to:the level-of-detail guide
previously described, specific attention is,given to how proc...dures are
written. We ask that the writer always consider the user. We recommend
that the steps be limited in size to no more than three sentences and no
more than Chirty words. No more than fifteen words are permitted:in any
one sentence. These limitations are guidelines, rather than absolute
'requirements. It is.desirable to observe these limitations whenever
possible. A Standardized verb list ensures that the same verb is always
used to describe a give desired action. It is also highly recommended that
the writer have access to the hardware so he can check out each procedure.

6. Use of illustrations A major factor in the success of JPAs is
the extensive use of good illustrations. We recommend that'an illustration
be on the same.page as the procedure, or on the facing page. Each time a
part or a location is mentioned in the procedure the reference number must
be included to enable the user to locate the reference on the illustration.

The illustration should be a line drawing, and it should fully support the
procedure by identifying each part mentioned in the procedure. When
'required, it should locate the illustrated components on the next higher
assembly. Care should be exercised to prevent overcrowding the inustra-
tion, and to avoid presenting excessive detail.

7. Quality assurance - Specific quality assurance provisions are
required to ensure the required quality.level. Included are reviews
during the develOpment process and actual tryout of data first by contrac-
tors, then by the Air Force.
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8. Intended use - The writer shculd determine specific use require-_

ments for the manual. Items of interest include whe,:e it is.tc be used,
how it is to be used, what activities it is expected to support, and any
special dpmands likely to be made on the manual.

C-141 JOB GUIDE TECHNICAL ORDERS

The first large-scale use of the JPA concept in an operational
environment is that of the job guides developed for the C-141 aircraft by
Westinghouse Corporation. These job guides were developed according to'
MIL-M-38800A. The using command,, Military Airlift Command (MAC), and
the contractor, Westinghouse Corporation, both agreed that a task analysis
was required.. These TOs, then, represent a compromise between the rather
relaxed MIL-M-38300A specification and the more specific, controlled
development procedures favored by AFHRL and described in AFHRL-TR-73-43.

The C-141 guides.cover on-equipment work only, and incorporate logic
trees for flight line troubleshooting. These TOs are in the_4 x 8" size
for everything except the troubleshooting logic trees, which are con-
tained in the traditional 8-1/4 x 10-3/4" size books.

These TOs are currently being service-tested at Charleston and Norton
AFBs. This 90-day test is preliminary to Military'Air Command (AAC)-wide
introduction in January 1976.

C-141 JOB GUIDE EVALUATION

At the request of HQ USAF, a team has been formed to evaluate the
C-141 job guides during the service test period, and for the first 10
months of their use MAC-wide. This team consists of representatives from
EAC, from the procuring.agency, Air Force Logistics Command (AFLC), from
the Air Training Command (ATC), and from the Air Force Human Resources
Laboratory (AFHRL). AFHRL responsibilities in'the evaluation include
user acceptance and training. Our study of User acceptance includes both
attitudes and useability. Both will be described in the following
paragraphs.

Attitudes - Our primary interest is to determine if any major shift
in attitudes occurs as a result of greater experience with the job guides.
To establish a base line we collected data at Charleston and Norton AFBs
be6oke.job guides were implemented. We used a questionnaire that
explained and illustrated a job guide, then asked questions to determine
their attitude toward proceduralized data. Our sample included 124 main-
tenance personnel at each base. The sample was limited to the job skills
of personnel who would be using job guides, but was not controlled by
skill level, rank, time in service, or shift worlced. Every effort was
made to get as representative a sample as was possible without unduly
interrupting the maintenance activity. We will again gather attitude
data at both bases in late November or early December when the service
test will end. In addition, some attitude data was collected by
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.4.

interview during the initial implementation period at each base. We
want to determine if there is a major change in attitude after repeated
'-exposure to job guides. TheSe data should be analyzed and available for
discussion early in 1976,

Useability - Our goal in the 'Useability study is to determine what
positive and negative aspects of the job guides surface as a resuIt.of
their daily use in an operational environment.

USEABILITY CHARACTERISTICS

In its most basic concept, we think of useability as the factors or
characteristics of technical data which encourage their use by the
intended user in the intended environment. We feel that to be useable,
a TO must have the following characteristics:

.:. It must be technically correct.

2. It must be easily understood by the user.

3.. It must include all necessary data.

4. The required data must be easy to find.

5. The data must meet the needs of the user.

6. It must be easy to carry and use.

7. It must be readily available.

Each of these top7-s will be discussed and the relationships with
the previously described development processes will be explained. The
procedures we use to collect the data during the service test of the job
guides are also described.

Technic:ally Correct - TO information must be correct. Today's Air
Force requires that TOs be used on the job. The TO is assumed to be
correct. PrOceduralized, step-by-steP data requires virtually 100%
accuracy, becauSe any errors become very noticeable in the detailed
procedures. Because the user does, or is expected to, follow every
step, any errors quickly erode his faith in the validity of the manuals.
Faith in the validity of the TO is necessary if the TO is to be actually
used on the job. We specify the use of e task analysis, strong quality
control,-in-process reviews, access to the hardware, and 100% hands-on
validation and verificat-ion to ensure the technical accuracy of JPAs.
In the C-141 Job Guide Evaluation, AFBRL is not involved in evaluating
tha technical accuracy of the data. MAC and AFLC are responsible for
this aspect.. Ne do.of cours note and report all technical discrepancies
that we discoyer.

Easily Understood - Tec nical.data that cannot be understood is of
little value to the use-.:. Iteadability levels are quite important here.
We have, however, 'taken a slightly different approach, and alSo e#hasize
the value of the illustration. We require a very close relattoLighip
between the proceduralized-step and the a'ccompanying illustration on the

240

232



same or facing page. Each time, a part or location is mentioned in the
procedure, it must be identified on the illustration. --The callout.number
is enclosed in parenthesis in-theprocedure to identify and help locate
the part or location. The first time a part or location is mentioned in
the procedure, a location illustration is provided to pinpoint the loca-
tion on the aircraft or on the next higher assembly. This helps ensure
that the user can locate that part or area. In-an attempt to increase
the understanding of the user, we have developed a standardized verb list
(See Table 1). Use of this list ensures the same verb will'be used each
time that particular action is desired. A preliminary information page
is,a part of every task (See Figure 2). Thispage contains all of the
information the technician requires to start the job, including the
special tools required, necessary manpower, replaceable parts and consum-
able supplies, and a brief statement- about the task. .Because the level
of detail of the procedures also affects the understanding of the user,
we suggest taking a dual-level approach. In this approach, very detailed
step-by-step data is provided for those who need it, and the outline or
checklist level of data is highlighted for use by the more experienced
technician.

We are evaluating this aspect of useabiliuy. By observing the job in
progress, we identify areas Of confusion or misunderstanding. We also
interview the technician immediately after the job is completed. Areas
of misunderstanding are identified, and the reasons the confusion occurred
aredetermined.

. All Data IncludeC. AlL of the data required to do the job should be
included.in the procedur. As.much as possible,'the book should be
complete within itself. Torque values, instrument readings, pressure
and electrical values expc2cted at any given point should be provided.
Referencing_ to other manuals is discouraged, and reference within the TO
should be held to a minimum. The intention is to make the TO complete,

.gh that the user-doesn't have to refer to any outside source of
iutormation to complete the job.

Observation of the job in progress permits us to identify instances
when the technician' searches for information in other TOs or fromlether
people.

Eas2 to Find Data - The organization or arrangement of data within a
TO is an important factor in useability. A study by LoSee, Allan, Stroud,
and Ver Hulst, (1962) for uhe Aerospace Nedicat Research Laboratories found
that 78% of the maintenance people questioned estimated that they spent
more than 10% of the total job !Lime seeking information in the TOs 2n
order to work on an unfamiliar piece of equipment. We atAFOL just
recently replicated a portion of that study. The data Ere..,still being
analyzed, but a preliminary review indicates that the percentage of time
spent in searching for information is probably no better now than it was
thirteen years ago. .The task of finding appropriate information in most
TOs can be a frustrating one. There are several obvious reasons for this.
(1) The information is presented or oreani.zed'in a pattern that may be
logical to the writer, but r. t to the ucer. The writer often thinksand
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AEMOVE AND INSTALL RECEIVER..
TRANSNITTER

SECTION I

PRELIMINARY INPORMATICel,

Introduction

This actIvity °Over, the complete
removal from and InstallatIon on the
AN/TPS-IA of the Receiver-TranemTtter.
It provIdes,accele-to the ElevetIon
OrIve, the Elevatioe Folibver, the
Yoke Slip Ring Assembly, and tile
Az:mm.1h Drive. Install R-T Is part
of the slte set-up procedure. Remove
R-T Is part of thj site disassembly.
The Remove activity is always pro-
ceeded by Remove Antenna. Volume 2-6,
page.5-I. The install actIvIty Is
always preceeded by install Yoke and
Elevation Drive, Vol,:me 2-5, page 3-1.

Applicable Serial Numbers:

All

Speclal Tools and Test.Eouipment:

'Non*

Supplles:

Seaton% Loctite MIL-S-22473
AFTO Form 349
AFTO From 350

Personnmi Required:

One Technician, 340332
Three Assistants

Equipment Conditions:

Antenna removed, Volume i-6, page 5-I.
Azimuth Interlock engs..;1d. Elevation
Interlock engaged at +90 degrewe.
Receiver-Transmitter bottom cover
removed,

JPA -31R2-aTPSI -2

ACTIVITY INOEX

Procedure

Ravove Receiver-
Transomitter

Install Receiver-
Trarrsmltter.

1-2

1-710

REPLACEMENT PARTS

9 0-rIngs, 5A4.01
2 Consll Gaskets, 5A4G71, and G2
4 Connector Gaskets, 5A4G3eG5 .

5 Waveguids Gaskets, 5A4G7-Gil
2 Seals, 5A4SEI and SE2

Figure 2. Example of Format for Preliminary Information Page.
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writes in terms of a good working system, and successfully describes it
The User, however, nearly always approaches TOs from the view of a non-
working systeM.. (2) The actual format of the TO often hinders a data
search. The block *text*style requires reading virtually every word of
a paragraph identified by the index. (3). The writing style is often so
cluttered with words that the clear, toncise answer the user needs is
hidden. Thus, the writing style coupled with the user's reading capability
and impatience often hinders the data search. (4) The index is incomplete
or inaccurate. This makes it difficult to even locate the approximate
area without paging through the book.

These areas deserve some attention from TO researchers. At AFBRL, we
have tried to address these areas in our JPAs.. We ask that a task
analysis be done, and that the viewpoint of the usar.be considered through-
out. The task analysiS forces a thorough, logical approach to data
development. In arranging the data into volumes, we require that the data
be arranged by sub-system, and that, in general, the tasks be in probable
or most likely sequence of occurrence. More work needs to be done in the
organization or arrangement of information within a book.

The format of JPAs makes it relatively'easy to locate specific infor-
mation. Because the data is broken down into short steps, the desired
data stands oUt clearly after the index has referred the user to the
appropriate section.

The JPA requires the developer to limit the size of the steps. As a
general guideline, no step should contain more than three sentences, and
no more than thirty words. No sentence should contain more than fifteen
words. In addition, to decrease misunderstanding a standardized verb
list is used, as is a specially developed noun list. We feel that these
steps help reduce the wordiness common to many TOs.

The index is another area that deserves specific research. Our only
effort here has been to use the task analysis data as a basis for the
index, and thus make it more'complete. We also require the common, every-
Aay names of an item be included in the index, along with the formal
engineering name of the part. We feel that the index sho.Ild be alphabet-
ical by part, not by system or sub-system (See Figure 3). Special Emphasis
is placed on the index during validation and verification.

Observation and interviews are used to evaluate this area of interest.
We observe the technician as he first tries to locate the proper procedure
in the TO. Interviews are used to determine how easy it is to find
specific bits of information in the job guides.

Match the Needs of the User The needs of the user must be considered
during the development,of the technical data. We approach this,problem by
requiring a task analysis that identifies every task to be accomplished at
a given level of maintenance. A JPA/training trade-off identifies which
data will be taught in training courses, which will be contained in the TO,
and which will be covered in both training and the TO. A user assessment
process provides data which describes the intended typical users of the
data. This user assessment data provides valuable information to the
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3PA-31P2-2TP51-2-3
.

. /

EQUIRMENT ALPHABETICAL INDEX

Alr Cleaner, 13706E0250

. Volume Pace

.2-r2 . 3-1Service

Antanna,-Radar, 7011-7100-1

Instal/ on R/T
. 2-/ '2-1

Install in Trenslt Frame 2-5 '5-1
Rercve from RiT 2-1 , 2-1
Remove from Transit Frame 2-5 44

Azimuth Drive,-7011-7500-1

2-6 I-I
Assemble .

C.heckout/Troubleshoot 2-32 I-1,
Disassemble 2-6
57,:lpa1r

. 2-6 3-1

Battery, M375.047-2

Charge 2-i - 1-1
Check Electrolyte 2-1 4-1
Service

. 2-1 3-1

' Boresccae Assembly, 7011-7800-1

Clean 2-6 5-1
install 2-6 471
Rarcve 2-6 4-1

.Condens4r Pressure Switch, 1463-94

Adjust 2-3 3-1

Connectors. 193027J3

Rtpalr 2-70 6-1

Crankcase Pressure ReQ.ulator, ERY 2600

Adjust 2-1 7-1

CrImp-On Contacts, P/N 91038-3, P/N 91042-1

Rapalr - See Connectors, 193027J3 Repair

Figure 3. Format Sample for Equipment Alphabetical Listing.

245

237



JPA/training trade-off and to the'level-of-detail guide. The level-of-

detail guide attempts to provide the proper amount of detail for each
task, according tO the needs .cf the expeCted user. Some specific infor-
mation provided by these processes include what a typical user can be
expected to know, and what he should not be expected to know; what tools
and test equipment he can use; the reading level, aptitude and intelli-
gence scores for the typical user; and general military and civilian
experience applicable to the maintenance tasks. These data allow the
many needs ofthe user to be met, whether in reading level; additional
detail to overcome lack of experience, specific illuStrations, or tool
and test equipment instructions.

We use questionnaires and/or interviews to determine-whether the
needs of the user havebeen met. We interview the user immediately
after he completes e job. If possible, we'also have him complete a
questionnaire. We try to do this before he returns to his shop area
and gets involved in other tasks.

Easy to Carry and Use - The physical characteristics of a manual
are very important. Many of today's manuals are large, heavy, bulky
books. Often the user must Carry one or more manuals, his tool bag, and
whatever supplies or tebt equipment he needs. Once on the job,. the .

manual is too large to lay down in some areas close to the job, and in
most cases, the manual won't stay open to the proper pages Illustrations
and wiring diagrams are often printed on foldouts, which flap and blow,
and eventually tear in the wind. The .paper on which TOs are normally
printed is not impervious to oil, water, and dirt, and if used, soon
becomesdirty and hard to read. Constant use causes the'pages to tear
out.of the binder. Lost or missing pages can.invalidate procedures and
thus increase the possibility ofan accident or at least a Quality.
Control discrepancy.

JPAs provide some answers to these problems. First, the 4-x 8"
size of the manual used on the flight line is a very convenient size
to carry and use. JPAs are also, bound in a binder that will lay flat
and open, and it is small enough to stay with the user, even in tight
quarters. Foldouts, while permitted, are discovaged in JPAs. We
also encourage the using command to demand the special paper that is
impervious to oil, water, and.dirt, and won't tear, especially for
flight manuals. These things all encourage greater use by the mechanic.
The smaller, more useable size is a well-liked feature of JPAS.

We gather data on this subject primarily by observiLtion. Qur
questionnaire else contains some questions on size, foldouts, etc.

Availability - A final requirement for a useable TO is that it be
readily available when it is required for use. This factor is only .

partly within the control of the developing agency,. A smaller size of
manual is easier to carry and handle and thus is more likely to be
available when needed. Other aspects of availability involve storage
location, numbers-of manuals, useage policy, and transportation to and
from the typical storage location. Some,organizations, such as the
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Air Forde Military Airlift Command (MAC), store theapplicable.maintenance
TOs on board each aircraft: Organizations with fighter aircraft often
carry the maintenance TOs lin-a line vehicle to make them readily avail-
able. Other 'organizations maintain the TOs in each work center and
.expect the user to carry them back and forth to the job'location.

This data came from observing where TOs are'kept and.how they are
obtained. Our questionnaire also contains'some questions about availa-
bility of TOs.

SUMMARY

Useability is'a very importantaspeet of technical data, but good
useability characteristics will not occur by chance. The development
processes described in this paper and more thoroughly discussed in
AFERL-TR-73-43 help ensure that the needs of the user are identified
and met.

The evaluation criteria presented here are being used at Charleston
and Norton AFBs. Thus far they have proven tobe realistic expeetations
for proceduralized data evaluations. It is anticipated that further
refinement of both the development processes and the useability character-.
.i.stics will occur as a result .of this initial evaluation of proceduralized
c7.ata in an operational environment.

We believe that the results of the attitude and useability studies
will greatly illfluence future procurements of.proceduralized data.
Continued research of the development and utilization of proceduralized
data will also benefit from these studies.
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COMMENTS.ON THE PAPER BY JOHNSON

-Ernst Rothkopf

Bell Telephone Laboratories

In his comments on Johnson's paper on the useability of documents,
Rothkopf'S main-point was that there is a need to reconcile the archival
functions of technical publications and the job support functions of
such publications within the same training system. 'Archival documents
are frequently held to be source documents for all sorts of doctrine,
standard operating procedures, and the governance of work. They are
thus a sort of stable reference for many users. The job document, on the
other hP.nd, is comMitted?t'o a particular function, and that function may

---
change: job families may;be reorganized, systems may change, and so
forth. There is thus a need for constant updating. Rothkopf saw this
constant updating as a particular prOblem for job aids. He raised the
questions of whether job performance aids ought to be produced centrally
and, if so, whether updatings should also be produced centrally, or
might local units produce their own updatings; he concluded that.these
arc questions for future research on the useability of documents.
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USEABILITY RESEARCH IN THE NAVY

William G. Muller

Naval Air Technical Services Facility

The Navy today is actively involved in documentation research and
improvement efforts to positively affect the useability of technical
.manuals. This paper will; however, discuss only four of the many'efforts
presently ongoing within the.Navy.

As background, an attempt will be made to provide an appreciation of
the scope of a technical manual program within one of the five Systems
Commands, i.e., the Naval Air Systems. Command (NAVAIR). NAVAIR was
chosen.because it is the most complete, and it is the program with which
the author has most familiarity. NAVAIR presently supplies technical
manuals for 135 aircraft models. 'The active'inventory contains 25,000
manuals. The total page count approximates ;tan mation pages, and each
new system requires more and more pages. Figure 1 shows this growth over
the past 30 years. Approximately 60 million'dollars is expended every
year to procure and update NAVAIR technical manuals.

Technical manuala are noc written in-house. The bulk of major
system publlcations are produced by the prime aircraft contractor. Such
a contractor employs between 300 and 500 technical writers. In contrast
to that, some manufacturers who supply support equipment have a technical
writing staff of one and that one may be performing other tasks as well.
In 1975 NAVAIR had 2,200 contractors, large and small, producing technical
manuals.

The process of writing a technical manual is a long one. The time
interval from the first step in, the process until the actual publications
are delivered is typically 3-4 years. Unfortunately, however, the config-
uration of Che hardware system is constantly changing and, as a result,
the documentation system is in a state ot flux. As an example, on a
recent aircraft procurement, Che documentation process was started in 1969;
preliminary manuals were delivered.in 1972; and final formal manuals were
delivered through 1975. To date almost 1,000 engineering.changes have
been approved. All of these changes in one way or another impact upon
the documentation system. To compound the situation Even more, there was
a significant change in the media for presentation of documentation. A
decision was made in or around 1969 to convert 5rom paper to microfilm.
This change was significant, and.use is radically affected:- Finally,
there are those changes that appear and no.one is quite sure how to deal
with them. One such (ange is the presence of the all-volunteer service.
With it came the potential for a lower reading ability. However, there
was a change in the employment marketplace which interacted with the
predicted reading levels. All of these changes create concern for those
trying to build useable technical documentation.

The Naval Air System Command in 1970realized a need for a research
and development program in technical .documentation. Xn analysis was
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Figure 1. Technical Manual Growth Rate Within
the Naval Air.Systems Command.
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undertaken to determine just what area.in the documentation system would
offer the greatest payoff. Another way of stating that is -- what are the.
essential elements in our system and where would available.resources best_
be utilized?

Figure.2 is a simplistic view of the documentation system. Three
.key elements are shown: the technical writer, the technical manuals, and
the reader/user. Outside of the technical manual area, the flow is from
design to manufacturing to the delivery of the prime product, i.e., the'
hardware. A secondary output of design and manufacturing is a data base
which serves two functions. It is-first an engineering tool for design
and later for modification and secondarily it is the starting point of
the documentation effort. The data base is the initial input to the
technical writer, who converts the data into maintenance information
presented,in the form of a technical manual. The technical manual is an
aid to be used by the technician who is initially a reader and later a
user, all in the support and maintenance of the hardware. But what is
the locus of our technical manual problems? Each of these major compon-
ents was examined,.starting.with the user and working backward.

The reader/user establishes technical manual requirements. He or
she essentially sets a significant portion of the warrant for our docu-
mentation system. Reading level, cmmprehension skill, and anticipated.
training proficiency are all considerations. In addition, the work
environment and the type of eqUipMent or hardware are significant factors;
Attrition is also a probleM, but it is something that little can be done
about directly. All of these factors must be kept in a very delicate
balance. If.they are not, the credibility of the documentation will
suffer and when that occurs, the manual will Rot be used, or it will be
used only as a last resort. Unfortunately word of mouth, recall from
training, and trial-and-error experience can become the primary-mode of
communication when a technical manual lacks credibili7.:y. As a result,
its useability can approach zero.

The technical manual as a vehicle for communication is essentially
concerned with the content and format of the delivered product. What
information should be in a technical manual; i.e., its content, is
simple: all and. only that information required to Perform the task.
The decision on what information to include is made by the technical

.

writer, who will be addressed shortly. A process called validation and
verification is employed to.insure that the content is accurate, but
this occurs a6te/L the manual is written.- In terms of the format of the
technical manual, the available approaches are innumerable. There are
literally hundteds of available formats. Unfortunately, there is a
propensity on the part of requiring activities to select a single format
and to apply it universally. The reason for this is understandable as
there'do not exist today the tools or techniques to select and differ-
entially apply formats. There has been an enormous amount of research
and evaluation into format. Typically, a new format is tested against a
"conventional" approach and the differences,\when not masked by experi-
mental error, are mixed. The essential quality, or that specific aspect
of the format that could 'lead to a prescription for the format, is
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seldom teased out of the data. As a result there has often been a go or
no-go decision to apply a particular format across the board. Some
recent efforts are being undeitaken to alleviate this all-or-none
approach. They will be presented later in'this paper. An additional
factor that_must be addressed, is readability requirements. NAVAIR
advocates the Use of graphics in either a'complementary or redundant
method to facilitate the reading and comprehension of the material.
Microfilm, when used; dictates 'work packaging" which presents all the
material required within the confines of a 'limited number of.pages or
frames and with minimum referencing.

The last element in documentation production is the technical writer.
It is here that the single largest contribution to useability, can be
realized. To this point, we haVe been dealing with the recipienL of
information and the vehicle of communicating the information. NAVAIR -
believes.and operates'under the principle that in communicating infor-
mation,. the responsibility lies with the sender. The sender inthis
system is the teChnical writer. The life of a technical writer is a.
veritable nightmare. The technical writer is required to convert an
everchanging data base into a technical manual in a single' format.
Direction is provided through a legal document known as a specification,
which is typically eMbellished by a company style guide. A potential
solution presently under de,Telopment in a single writing guide. The
technical writer is often just one of a hundred workers and, thereby,
sees only part of the total documentation. has varying impressions,
and I emphasize Zripkesion.o, .of the reader/user and the working envirOn-.ment. Subjectivity muSt be removed from the process and supplanted by
objectiVe methodology and Iechniques. The-ability to verify writing
against actual hardware is nonexistent for the greater part of the effort.
In-process measures of performance must be availale to the writer.

That is in summary some background on documentation system problems.
It is from this viewpoint that the requirements for the research and
development efforts in useability are derived. It is.obvious that what
is needed are techniques and tools for the technical writer that will
permit the identification of,the data available and to be acquired, and
that will permit selection of the proper format .based on an explicit and
objective characterization of the user and the conditions that affect
performance. Four ongoing efforts to address these requirdments will be .

.described in the remainder of this paper,

Navy Technical Manual System Programl

The Navy Technical Manual System (NTMS), now in exploratory development
with planned completion in the 1980 time period,is a program for the develop-
ment of a system of integrated procedures and equipment to improve the util-
ity, management, production distribution, storage, and update of operator and

1
The Navy Technical Manual System (NTMS) was retitled the Navy Technical
Information.Presentation Program (NTIPP) in May 1976.
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maintenance technical data'.(see Sulit,. 1975). The NTMS program will (1)
quantitatively evaluate the capabilities and deficiencies of technical
manuals (TMs) in the Navy, (2) evaluate the current.and future needs for
Navy TM6,.and then (3) design, develop, and test an integrated Navy
Technical Manual System which will provide effective and timely operator,
maintenance, and training. data. NTMS will also provide improved operator
-and maintenance performance aids for'the fleet, training community, and
shore establishment.-

NTMS is in its second year and is presently.in the process of
selecting a contractor for Phase. 1, which.is the concept formulation
stage of the Project. The NTMS has as its goal the integration of the,
various elements nf the Systems Commands' normal operating systems.
This means that common functions will be,standardized unless-they are
performed differently for specific reason. In addition, changes in
the state of the art that-can yield a better deliverable product will be
incorporated. NTMS has developed a working model (see Figure 3) contain-
ing the essential elements of a technical manual program. These elements
will be thorodghly exaMined and certainly expanded as the program develops.
Because the evaluation of the proposals for contractor selection is still
underway, further elaboration will not be undertaken in the paper.

Writers Guide

Technological advancements in aeronautical system design have trans-
forMed the casually regarded technical manual into a desirable maintenance
tool. In many cases, its use has become mandatory. in these instances,
the maintenance technician can nolonger make decisions on specific main-
tenance actions without relying on the technical manual, Although routine
maintenance actions will continue to. be performed without reference to the
written word, new supporteoncepts,-automation,-and microminiaturization
of system equipment have made the technician-heavily dependent on the
manual during the performance nf his duties, Because of this steady
increase in the use of the technical manual, greater emphasis is being
placed on data credibility and overall useability of documentation.

-The quality-of the docIllentation delivered to the fleet has alwaysr
been.of interest to those responsible for its preparation. However, the
renewed interest.in technical manual development has generated writing
and readability studies that have shown tha;: the existing manuals are
less than interesting to read and are written at a readtng level that
tends. to impair comprehension. Further, the volume of data in conventional-
style manuals complicates data arrangeMent, making the desired information
difficult to. locate.. It has become Increasingly evident that simplified
presentation techniques must be .developed to enhance useage.

Technical writers, editors,rand illustrators will require. special
training to assist-them in understanding and complying with these new :

and innovative techniques and requirements. The development c) a writer's
guide was undertaken with the intent of assisting in the estr,hlishment of
standard practices that woull ensure preparation of more iwrting
documents and also meet accepted useability criteria. It is intended that
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the guide be used in conjunction with the existing technical manual
specifications. However, the initial issue was specifically prepared
4:o satisfy the urgent requir6ments of the task-oriented "Work Package"
technical manual.

Military technical manual preparation specifications provide con-
tract definition of the two major data requirements: format .and content.
These specifications generally define the basic format and content of the
completed technical rinual. Statements such as "the prepared document'
shall fellow the ma nance concept and support policies" serve as'
guidance; detailed

' to" information is not provided. The specification
becomes a vehicle fo, .mection and acceptance control by quality control
personnel, rather t-1,11 detailed development guide.for the preparing
activity. This t::,jiure to provide detailed preparation policies and
procr.dures has t zechnicaa. Writer extensive latitude in writing
style, and the follows only vague guidelines as to what con-
stitutes a well-v, cd illustration. As a result, the editor has been
left with the problem Of interpreting subjective decisions made,by the
writer or illustrator relating to their interpretation of the various
specifications.

Many contractors have attempted to fill this void with company-
prepared style.guides. The major thrust of these guides has been specifi-

:cation interpretation and st:2ndardization. Whether intentional or not,
the company guides tend to meet minimum requirements that fulfill contrac-
tual obligations, rather than providing innovative improvements in.docu-
mentation presentation A major drawback in the Use of any specification
is that while it directs the quality of the product, it'also restricts
inconporation,of improvements that were not anticipated when the specifi-
cation was prepared. Because of variations in interpretation and differences
of opinion, major,conflicts are evident when company style guides are
reviewed and compared. In many cases, these'apparent conflicts betWeen
company style guides and governing documents are the result of the
contractor's attempt to respond to special requests bythe government for
specific types of unique.publications; the style guides interpret the
official guidance in relation to the specific products required.

In an effort to improve this situation, the Naval Air.Systams Command
has developed a writing guide (NaVal Air Systems Command, 1976) to provide
a single-standard for preparation techniques as well as a supplement to
the various specifications in force,. It is intended to aSsist the writer, .

illustrator, and editor in the development of the best possible technical
manual product. Task analysis, content Outlines, and data arrangement
are defihed. Selection of logical options is explained, as are writing
and illustrating techniques. Perhaps the major innovation is the, incorp-
oration of criteriaaffecting readability and comprehensibility require-
ments. The information- contained has been prepared,with the intent of
guiding, rather than restricting, the writer's freedom of expression.
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This guide was prepared to facilitate the use of separate sections
by interested readers. The coverage includes these types:

the objectives of the-Work Package Concept;

the development of a technical manual,.regardleSs of format used;

- product analysis, task identification, and task analysis related
to the planning of technical manual;

- the development of new writing techniques;

- the preparation of cOmprehensive illustrations with emphasis on
microform compatibility;

- techniques that will ensure credible and useable documentation,
through he use of compreheusibility and readability checks.

.The Work Package (VP) Manuol'is uSer-oriented. It impr;Dves on the
conventional manual in three general areas: organization, tormat, and
comprehensibility.

WP manuals are organized by functional task. The optimum WP will
provide all the information rer,uired to perform a specific maintenance
action in,one package. This will not always be possible. However, if

, the information cannct be provided in one WP, it will be provided in a
series of WPs. The primary task and all associated tasks that ma-.7 be
required to complete the job are organized in a manner that will require
a minimum of searching by the technician for his information., Ia a
conventional manual, which is organized by type of information rather
than by task, it is often 'necessary to search through several manuals,
volumes, or sections to locate the needed information.

The conventional manual, with its varied format,and small type size;
has provided significant problems for the microform (microfilm or micro-
fiche). user. The format of the WP manual is designed to _ensure total,
compatibility with either production media: paper or microfilm. Minimum
type Sizes have been stipulated for control of legibility. Illustrations
must be properly programmed to support text.- Wiring diagrams and
schematics are tightly eontrolled. Line drawings are used in lieu of
photographs.

The use of this guide with WP preparation specifications will add
comprehensibility assurance criteria specifically developed for .the
improvement of documentation' usaability. The goal is to simplify the
presentation of technical material and make it easier for the reader. to

, understand. This simplistic approach has been developedthrough the
application of rulescovering writing style, use of preferred words, and
comprehensive structuring of text material strongly supported by comple-
mentary figures and tables. Althoughdeveloped for WP manuals, the
comprehensibility assurance criteria can be applied equally well to all
technical manuals.
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Figure 4 is a summary of the comprehensnility assurance criteria
provided in the Writer's Guide. The factors considered were not intended

to be exhaustive. In fact, in order to encourage their use, there was
an active.attempt to minimize factors. Additionally, only those factors

that could be explicitly and pbjectively quantified were included. The

intent was to remove subjective and arbitrary items from consideration.
Material such as "figure title is descriptive" or "figure level of detail'
adequate" were omitted due to their argumentative nature. The criteria

scoring and their associated ranges were determined empirically through
the use of a groUp of technical writers. These standards and their .

associated values have yet to be validated. However, the intent at thiS

time is not to "legislate" the criteria but rather to proVide to the
technical writer and inhouse quality assurance personnel an appreciation
for-factors that contribute to useable-technical.manuals.

Compliter Simulation for Job 1.)rformance Aids-

As a first step in this effort a literature search on jeC. performance
(:'o-.-b, Cole, Sakala & Smillie, 1974) was reviewed in orcie to

oht_in a workablq operational definitio: various categorizational

schemes. The current trend of where th:_: earch is being done and what

kind o. research it is was also assessed. Finally, the use of computer

simulation as a tool for p:-!rformance aid analysis was explored.

at was found that !nest of the job performtrce aid researchers were
active in the field for cp.11:,a limited period of time. Durim4 1,:ce. years

1950 through 19713, 78 percent of the authors in the field irodeced no
more than a single contribution. This means that the turnover for the

performance aid researrher-: was substantially high and thus c.cluded
formation of any viable.base of scientists for furthering the state of
the art in this area.

The growth rate in the state of the art was found to be rather slow
and falls far below the rates for other research disciplines. For the \

years 1950.through 1973 there was an increasing trend, with the peak

occurring around 19597-1971.. One of the main reasons for this lack of

exposure lies in the fact that the performance aid literature has mostiy---

appeared ingovernment technical.reports. This lack of circulation can

be attributed to the fact that agency distribution lists are limited and
not all libraries are government depositories. Only 32 percent of the

literature has appeared in scientific or technical journals.

A second step in this effo-rt was the development and testing of a

computerized algorithm for the analysis and appraisal of job performance

aids. The proposed approach made use of the graphical evaluation and
review technique (CERT) sw-..tem (Pritsker & Rapp, 1966). In a feasibility

study, the basic concepts and hypotheses of the approach were shown tb
be adequate for analyzing and assessing job performance aids.
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CDMPMEHENSIBILITY

CRITERIA TEST

RANGE OF SCORES

GOOD FAIR P3OR

A. ORGANIZATION

1. Access Index/Heading 1 and greater .5 - 1,0 0 - .5
Index/Pages 2 and greater 1 - 2 0 - 1
Reference/Heading 0 0 - .05 .05 and greater- -

2. Non.Verbal Proportion Graphic .50 and greater .25 -..50 0 - .25
Proportion Misplaced 0 0 - .25 .25 - 1.0

Figures

B. COMPLEXITY

1. Chunking , Paragraphs/Heading 2 and less 2 - 4 4 and greater

Figures/Heading 1 . .5 - I 0 - .5- -
-I

2.. Proceduralization Proportion Proceciural .90 - 1.0 35 - .90 0 - .75
Sentences

-
3, Consistency Errors/Page 0 - .02 .02 - .05 .05 and itteater

C. VERBAL QUALITY
1. Readability FOG index 9 0 and less 9.0. - 10.0 10.0 and greater

Flesch Reading Lite 9 ant: less 9 - 10 10 and greater

2. Legibility Errors/Page 0 N/A greater than 0

D. NON-VERBAL

1. Pictorial Callouts/Grid 'I - 5 5 - 7 7 and greater

Errors/Figure 0 0 - .1 .1 and greater.

2. Sehernaties Components/Grid 12 and less 12 - 15 ..' 15 and granter

Intersections/Grid 15 and less 15 - 25 25 and greater

Errurs/Figuro 0 0 - .05 .05 and greater

3. Wiring Diagrams Intersections/Grid 20 and less 20 35 35 and greater

Errnrs/Figure 0 . 0 - .05 .05 and greater,

4. Functional Block Errors/Figure 0 N/A greater than 0

- -
5. tables Errors/Table 0 0 - 05 .05 Lrid greater

Figure 4. Comprehensibility Assurance Criteria.
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Using GERT-III Z (Pritsker & Sigel, 1974) and Q7GERT (Pritsker, 1974)
simulation packages, a network.model was.developed by (1) determining or
defining the basic perfarmance steps, (2) obtaining the time.required for
performance of each step by an fmtegration of experimental data and
measures obtained using predetermined time and motion system (TM), and
(3) estimating the probability of error asociated with the Performance
of each'step (data dbtained from human factors literature). Once- the...

basic network was constructed, various performance conditions and
limitations or resources were'ehanged. The 7.:es.ilts yielded substantial
statistical information on the effects of the;various aid formats on
perforMance tithe and errors (Smillie,' Edsall, Sakala 6, Ayoub, 1975).

These results were validated in a companion, E-Lxperimental
which evaluated four types of performance aid formats (Sakala, 1975).'
The formats examined were (1) print, (2) pictorial, (3) print and
pictorial combined, and (4) a hybrid gronp which used piCtorial on easy
steps and combined print and pictorial on the more difficult steps. The
experimental procedure consisted of fifty location and operation tasks.
The tasks consisted of movements of toggle.switches, rotary switches,
push buttons,.pegs, and connectors_ The subject viewed each instruction
and then located and performed the indieated task. In addition to format,
the task steps were divided in half to compare the performances of each
set of twenty-five task steps; ie., allowing the subject to i)eeeme
familiar with the type or instructional format as well a:, the apnaratus.
Performance differences be1.7een males and fewiles were also examAled.

Dependent measures used were time (i.e., c.eimbined time of reading
the instruction plus perFormance of instruction), number of errors, and
number of times subject reviewed task steps...The Statistical analysis
found .leSs reviews _COT theseCond half of the task steps. For time,
performances on the second half of the task steps were faster buteinter-
acted with format type. For the second half of the tasks the print format
had the slowest timerwhi1e the combined format had the fastest. For
number of errors, perfor. on the n.13 1101Ves _were found to interact
with sex. Females had more errors than males on Elie first half. Females
were also found to improve in performances, i.e., fewer errors on the
second half.

Future embellishments of the simulation technique plan to use the
statistical output to perform a cost/benefit analysis. ThiS would allow
the determination of an optimem system which incorporates the minimum
of performance times and errors under prescribed conditions.

Format and Media Selectjon Technique

As mentioned e:.nlier in this paper, tIle Navy typically chobses to
apply a standard format/media technique for all the technical documentation
.for a given weapon system. Format in this contakt refers to the content
and arrangement.of information within a presentation. Medium refers to
the means used record, store; or display the information. Generally
the display fe of the medium includes the senses the nser emnloys
to perceive file .iisp7ay. (hearing and/ot vision) . The stauderd format/media
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1.
.a proath is used beceuse--of the efficiencies it allows in the production

ortion of the technical manual life cycle. There are minimum designosts and consistent technical manual products.are attained even when a/large number of vendors contrJ-7Ute to the overall effort. The decisionon format is made early in system design. Media in general, until the
advent of microform,(filM and fiche), had.been limited to paper.

An underlying premise of,this effort is that the "standardized"
technical manual approach, althoUgh the most efficient for production,is not the sole factor to be considered in selecting format and/or media.
An additional factor is technical manual useability.

'Format and media decisions are made early in the system acquisitionprocess. These decisions are made by Navy officials at the project
management office level or by designated technical documentation repre-sentatives,. Equipment component engineers representing government orcontractor organizations participate in these decisions. Contracts and
budgetf.ng constraints obviously are affected by these decisions and,
once-Made, severely limit the degree of freedom in later ?rogram stages.This- eEfrt. 1975) therefore undertook the task D: oterMining if
the selection-.of.format and media could occur before detailed design,and if, in turn,'preliminary design data affords sufficient information
to-differentially apPly_formst and media approaches (prescriptions)
based'on user data requirements (warrants). The first task was .:(:) compileand categorize the system conditions whiCh have the potential to affect
the format and media of a mainten-ance system.

The study isolated nineteen systeMonditions which have the potentialto affect the format or media of a maintenunco information system. Theseconditioris, as listed,below, involve equipmeint, personnel, and workspacei.

considerations.

Equipment Personnel Workspace
EquipMent Class Time to Pronciency lilumination.(TypeS of Information)

Equipment Class Personnel Turnover Workspace
(Access Requirements)

System Size Span of Supervision Wind.

Equipment Distribution/ E.erienr.e noise
Layout

Status Displays Rating Selection Scores Dirt
0

Support Equipment Safety

Iechnician Response
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The. study identified format And media features, implied by each of
the foregoing system conditions. Twenty-nine format and fourteen media,.
features were identified. -

Format Features

1.

2.

3.

4.

5:

6.

7.

8.

9.

10.

11.

12.

13.

14.

1.

9.

4.

5.

6.

7.

ProcedUralized troubleshooting 15.
aids.

16..

Deductive troubleshooting aids
17.

Integrated troubleshooting aids
18.

System descriptions
19.

Readability enhancers
20.

BIT outeome index
21.

Pocket-size format
22.

Work package
23.

Proceduralized aids for
24.non-troubleshooting

25.
Symptom/cause tables

26.SOP descriptions

27.
Parts listingsiidentifiers

28.Job index
29.

Symptom index

Media Features

Test point.index

Display index

Topic-oriented organization

Operator procedures

Debriefing guide

SOPS for BIT set-up,

Prdceduralized BIT usage

Locator pictorials by job

Portability

General purpose locators

Operator recording forms

Symptom collection aid

Learning features

Job-relevant graphics

Graphic density

Head/body-mounted 'ewers

DisPosable-(printouts)

Laminated materials

Mini-viewers (hand-held)

'Motion portrayal

Listening portrayal

Hooded viewers

Centralized storage

Microform.mode

Print mode

aeading portrayal

r&e.:21-1,.g and listening portrayal-

Self-illuminating devices

Large screen portrayal

8.

9.

10.

11.

12.

18.

14..

Prescriptions, which, are the application of specific format ana
media alternatives to a system condition, were then developed. As an
example, consider thecondition of personnel turnover, which may of:cur
in either a high or low state. High turnover produces a work crew with
a large percentage of inexperienced technicians. Generally, the
troubleshooting aids typical df conventional manuals are too complex for
inexperienced technicians. The result is that a few experienced
technicians carry the troubleshooting workload. The proceduralized
troubleshooting aid is an innovatiive format developed to alleviate this
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problem. Research has shown, that 'inexperienced technicians can perform
troubleshooting when supported by the proceduralized aid form. The use
of this format in this condition creates a potential for a more-equitable
distribution of the troubleshooting workload.

The eighteen system conditions involving 45 states and their associ-
ated format and media ptescriptions were developed. The output of this
effort is intended to be a guide. For ease cf use the major problem or
issues of presenting maintenance information were used to organize the
prescriptions into related sets. Specifically, the user of the guide is
asked to resolve six documentation issues 19 considering relevant
prescriptions. The documentation issues are Ps follows

(1) System description format:

(2) Recording medium;

(3) Access means;

(4) Portrayal mode;

(5) Troubleshooting foi.mat;

(6) Workplace coMpatibility.

The remainder of the guide discusses the six information issues and
hoW relevant prescriptions are used to resolve' them. The discussion for
each issue covers the following topics:

(1) A statement of the issue;

(2) A tabular summary of the formats and media prescr.ibed
for each relevant state, and;

( ) Discussion of the rationale behind each prescription,
including an illustration of the type of format or medium
involved,
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SUMMARY

The Navy is confronted today, more than ever before, with two
cardinaLfacts_of life. The first is that the processes.used to '

develop technical documentation - be it a technical manual,.job aids,
or whatever - mUst be developed in a systematic and deliberate fashion.
Technical documentation is.at a place similar to that of technical
training some three to fiVe years ago. In training, the Systems Approach
to Training (SAT) and Instruction System Design (ISD) emerged. In the
near future it will be necessary to have a documentation analog, what-
ever it comes to be called. Three of the four efforts summarized in
this report bear a direct resemblance to ISD/SAT prodesses. The
Technical Writer's Guide Calls for many of the same processes enumerated
in handbocks for course developers: processes such as task identifi-
cation, task analysis, and formative evaluation. The format/media
selection effort is certainly seeking to create.an algorithm similar to

the training media selection processes contained in all ISD/SAT models.
The analogy with the job aLd simulation techniques is likewise obvious.

The second fact of life is that there must be continual cross
communication, fertilization, and a catalyst for the integration of
relevant efforts in documentation research. Certainly the.NTMS program
described herein has this potential. Although the primary goal of the
Department of Defense is to deploy effective weapon systems and not to
train better, write better or read better, the total system requires a

delicate blend of both the machine and personnel components. 'The Navy
has a strong vested interest in the communication of technical Infor-.
mation, - in communication for the purpose of training and also for the
purpose of on7the-job performance.
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,

COMMENTS ON-THE PAPER BY MULLER

-George Klare

Ohio University

Regaiding Muller's paper, Klare co mented on thE staggering effects
of the large numbers and the costs involved in the Navy's techplcal .

manual system. He suggested-that computer-based storage manuals, with
terminal's for retrieving the information,. might be worthWhile to.
-explore for the Navy. In this case, research is needed on the effects
of not being able'to flip backward and forward easily, and so on, on
comprehension or other aspects of information processing. Klare noted
an existing national library network called OCLC which currently pro-
vides access to the holdings of many libraries; plans have also been
made to use a communication satellite for more efficient dissemination
in the future. He suggested there may be value to the Navy in Exploring
this type of system.fOr its applicability in the Navy technical manual
system. Finally, Klare pointed to the-need for further research to
better understand and improve the useability of manuals.
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PART III

OBSERVATIONS AND SUGGESTIONS

FROM THE CONFERENCE
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INT6ODUCTION

The Coniekence on Reading and Readabieity Rezeahch in the Atmed
SeAvice4 served to bring together informed military and civilian personnel
to consider the past, present, and future course of military R&D in dhe
areas of reading, readaiAlity, and'useability. The question "Where do we
go from here?" underlaid the Conference discussions; .'iggested answers to
that question:Jemerged from the major Conference acti,iiti.es: (1) the
presentation of perspective papers by personnel reprasenting the Services
and the response to those papers by the conferees, (2) the discussions of
key issues in small Working Group sessions led by the civilian consultants, -

and (3) the general exchange of ideas among the conferees throughout the
Conference.

Some recommendations for the general trend of future 12D in the
Services have been presenred in the papers in Part I of this volume. Part
II contains the perspecll; papers,and'recommendations for future
,research and actions. T present section presents the,observations
and suggestions which resulted from the Working Group sessions in the Con-
ference and from the statements delivered by the civilian Working Group
leaders and by operational personnel in three An:fled Services. All of
these sources were, in turn, influenced by the informal interaction among
.conferees in response to the perspective papers that were pre$ented by'
research personnel for and from each Service.

Th,.. source material for the.combined observations and suggestions
consisted of the following items:

1. Brief idea papers prepared by the civilian consultants, who had
served as Working Group leaders. These papers presented the con--
sultants' impressions of the COnference and their recommendations
for future research in reading and readability in the Armed Services.

2. Transcripts of the recorded statements of research and development
needs which the Working Group leaders reported to the general meeting_
on the last day of the Conference.

3. Summaries of the Working Group sessions made by the HumRRO
facilitator of each.group. These summaries.of key issues and
recommendations were prepared in Part by listening to the tape record-
ings of tLe Working Group sessions.

4. TranL;cripts of the recorded statements of research and develop-
ment needs delivered on the last day of the Conference by operational
personnel from each of the three Services.

Theistarting point for the compilation of recommendations and suggest-
igns was the idea papers by the'civilian consultants. These papers were
written after the Conference, allowing the/consultants to summarize their
ideas after some reflection. The editors Integrated these papers into one
combined paper which organized the varidus observations and Suggestions into
topic areas.
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After this combined paper was Prepared,.the Conference transcripts and
summaries of Working Group sessions were carefully examined for implica-
tions and recommendations for future research or suggested actions. These
were compared with those in-the combined paper. Any points which were not
in the paper were added in the,appropriate section. Thus, the combined
paper, which begins on.the foliwing page, brings together observations and
suggestions from the entire Conference.

260

270



OBSERVATIONS AND SUGGESTIONS FROM THE CONFERENCE

GENERAL RESEARCH AND DEVELOPMENT CONSIDERATIONS

Increased Coordination Among the Armed Services

There is a need for each of the Armed -Services to expand the efforts
to use what the others'have learned. One of the results of this effort,
would develop a common data base and provide for regular meetings for repre7
santatives of the services to share practices, results of eValuations, and
other research on their literacy programs. One mechanism for doing this
would be an interservice Comhittee.

It would be helpful to have some agreement on carrying out cooperative
studies or at least agreement to use certain common tests for pre- and
post-testing and to collect certain standard data on each of the men
participating in the literacy programs.

Increased Interaction Among Civilians
and Military Research and Development Groups

Eoth the military and the civilian research and development_ groups
could prc:fit f.7om increased collaboration. University-oriented research
appears to be uetter organized in some areas than the mitary's, but
suffers from a lack of practical focus which the militati.r coul0
Similarly, Llie military literacy programs provide ideal laboratories for
instructional research. Perhaps this conference will.encourage the hiili-
tary and civilian research and development groups to seek cooperative
resec.rch and development efforts with each other.

RESEARCH ON BASIC SKILLS AND PERSONNEL CHARACTERISTICS

Understanding Marginally Literate Personnel

For developing programs that are effective, more needs to be known
about the men in each of the Armed Services who need literacy instruction.

_This wohld be particularly useful for those below a fourth-grade level and
al/o those between grade levels 4 and 8.

The'causes of severe reading problems in adults could be investigated
through.an intensive study of 100 or so men selected randomly from those
receiving literac:y training in each of the Armed Services, such men to be
given a thorough evaluation, and diagnosis similar to one given to children

. and adolescents referred to a hospital or university clinic for reading
and learning disability (dyslexia). This intensive study should include
an evaluation of the various components of reading and related language
skills (spelling, writing, auding); verbal and non-verbal intelligence
(e.g., Wechsler Adult Intelligence Scale, Raven's); abilities in other

. basic cademic skills, e.g., math; neurologicrl and psychiatric examina-
tions; and a case history and interview on early development, school
history, and experiences.
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Such studies would be of value generally, for in the civilian
1 population more adults are presenting themselves for assistance as

dyslexics. Thus; any study that might lead. to a greater understanding
of the cause(s) of severe reading disability among,adults of normal or
higher intelligence in the Armed Services would be helpful alsc, to the
general population. Indeed, studies ofrhis kind on civilian populations
selected to be roughly similar in socio-economic backgrOund to their
counterparts in the Armed Services wonld be 'valuable in helping understand
and cope with the literacy problem in the military. Such studies could
provide each of the Armed Services with knowledge about personnel needing
and getting literacy training. Specifically, they can help answer such

eestions as the following: What percentage of the men heeding basic
literacy training are essentially non-English speaking? What percent

have a low ability on verbal tests? On performance tests? On both?

What percent have a discrepanzy of two or more years between reading
achievement and mental ability? What percent are reading "up ro their
capacity"? What percent have medical problemsneurological, psychiatric,
etc.? hat percent had,poor schocling? What combinations of these and

other factors seem ro be significant?

Such information is needed for the grouP and for each individual in
order to provide suitable remedial programs .It is needed for knowing
how best to teach them and group them, and what ..r) expect from them in

what amount of time.

Decoding Skills

The role of decoding in adult literacy instruction needs to be
explored. While decoding appears to be Important for children learning
to read, it'may not have the same value for adults who have arready been
exposeditto initial reading instruction, but Itave failed to reach the level
of mastery required for job tasks.

One approach to this area is to device (or borrow) a decoding test,
based on made-up (synthetic) words and administer it along with a general
reading test to a. cross-section of poor readers. By ezamining the rela-
tionship 'between the two tests in detail, the scoPe of the problem migbt
be seen.

Comprehension Skills

The question'of comprehension is not a simp,e one. Most people would
agree that to use the term "comprehension" forrvthe full range of skills we
are concerned with is to deny the Complexity of the problem. On the one
hand we have something we might call word meandngs or understanding of
vocabulary. On the other hand,'we hav2 the much more complex skills that
are involved with organizing complex relationships and with search
strategies. Clearly, we need more work in conceptualizing, the area of
comprehension.
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. Does a "comhrehension" unique'co reacling exist? If not, then what
has bcen labeled as comprehension p: .1_eals in the past needs to be re-
evaluated. Oae hypothesis is-that for mterials which are understood by
listening, the only barrier to reading 'comprehension is speed of word
recognition. Given a limited humall processing aapacity, whatever
capacity required for recognizing words is.not available for comprehension.
This hypothesis can he-and shoujd be-tested empirically.. Speed of recog-
nition can be measured, as can listening and reading comprehension. The
relationship of speed of r-ecognition t comprehension ability can there-
fore be determined for ,nriety of different types of materials.

One factor c,hic th-ls hvpochesis does not consider, however, except
.indirectly, is reading/prceessing strategy. A person who.has read a lot
of baucle deneriptions, for e.-Imple, usually develops an ability to
orgailize the iaformation which he reads in a mannei that facilitates under-
standing. A noviee, on the other md, is usually overwhelmed by unit
numbers; attack directions, equipment lists, and command structures, even
if his general reading ability is high. Further attention in both research
and training should be given t.o reading strategies-that is, 'ea how good
readers organize snd recall complex information in reading.

The Ilittomaticity of Basic Skills

Fundamentai to Thcodin.::-.; and nomprehension skills :tiscussed above
is the importance of a nigh degree or practice and overiearning on the
skills chat form the basis or higher level learning and competence.
Research has pointed out that frerpleutly a significant difference between
individuals who good and poor Ai: reading comprehension is not neces-
sorily skill cr levels ot understanding, but Speed and accuracy in
simple word decodHlg, a basic reading skill. :rho necessity of, spending
additional ffort and nSing additional memory capacity on very basic
skills whach should be perfoi-med rapidly and automatically detracts from
the ability to get meaninF; in the courD of reang.

Furthermore, as reading passages more complex and as basic word
decoding sliLlis are mastered,'Ithcre is the additiOnal necessity for auto-
maticity to %ake piace in tarms of highez level units; i.e.; in terms of
syntaccical senteme units. The inahiliy.to carry out these fundamental
procu3ses rapidly eferlojds an individual's cognitive capacity and
detraets from the ..tpaeity to abstract meaning.from a passage. The:
situation i5 not unlike e-pertise in a like tennis, where lack of
mastery in the basic-srnkes Ln.:erferes the ability to incorporate
higher order routines and strategies. The Lndivdual's Capacity is over-
loaded with concentration on the basic skills; development of automaticity
in these skills would free him for higher level performance. Research on
tbc nature and development nf automaLicity in retrieving the basic concepts
and using skills that underlie functional MI) literacy, general literacy,and lastltutional 1:ruld seem to hc: a research and development
activity with high payoff_

i
These terms are discussed In tba followirJ, sectjw).

263



CONCEPTUALIZING THE NATUREOF 'LITERACY. AND OTHER COMMUNICATION SKILLS

Concepts of Literacy

During the conference, an individual in the Armed Services was
characterized in terms of three kinds of literacy: functioaal job
literacy, general literacy, and institutional literacy. Funcional job
literacy pertains-directly to competence and expertise on a job. It

involves.the knowledge of important job concepts and the relationships
between them, the ability to perform complex skillS and routines, and
the ability to be abie to use-and retrieve these knowledges and skills in
appropriate situations in an efficient manner. Functional job literaCy
can be significantly influenced by job performance aids of many different
kinds.

Significant questions were raised in this area. One perLaiTs to the
relationship between job expertise and abilities in verbal literacy skills.
The strength of this relationship varies for different jobs, ;-Id might

there not be a tendency to."overlit.e.facize" the requirement for pa-tticular
jobs? Training may he designed so that it is more verha1 than it rhould
be, since there is an instructional bias for teaching and testing in a
verbal. manner. Verbal teaching carries with it elements of prestige and
often io easier to carry ouL. A second question pertains tc, rccogni-
tion that job expertise iLvolves the development of a network of coucepts
in the minj of a competent individual. The question ralsee is how various
job concepts are interrela':ed for the expert, and how this differs from
the knowledge structures of the novice or the less competent innividual.
Current advanced research in cognitive psychology is beginning to develop
ways of displaying "c_ceptual semantic networks," and the techniques of'
this kind of research may ba useful in describing hew knowledge is orga-
nized for.the expert that such knowledge relationships can L: duplicated
through appropriate Lraluing and experience in less competent individuals.
Similarly, longitudinal studies and contrastive analysis research on the
functional job literacy performance of good and poor readerS ma-1.14
knowledge which could he incorporated into appropriate functional ](.)
literacy' trining for the poor readers.

(7eneral. 1ii;ercz3 pertains essentially to the kind of literacy that is
necessary in order to be able co enter training programs.li-:ading to
functional job literacy. This kind of literacy involves basic intellectual
skills;. i.e., certain levels of competence in the basics of rcicij., writ-
ing, arithmetic, and fundamental cognitive skills like those measured by,
various aptitude and intelligence'tests. The devr:lopment and enhancement
of general literacy cau increase 1ateia7_ 1.ity so t:M: individ-
uals are not restricted to a few job specialti- 'nave a .)L1,;:- c'ice
of available careers or school possibilities.'

Two approaches to developing general literacy are possihie. One
approach involves the direct teaching of the skills rd compc.iteic that
are to be learned in elomentarY school and junior high sch9ol. ThLs is
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simple enough to state, ixit often.difficult to impi.ement, because of
various motivational factors or an individuals feeling of not hi.vg ableto zet started, etc.

inLeresting possibility for breaking down .thesebarriers is to begin individuals. in functional job training programs first
so that they tan learn by hands-on ekperience and with a minimum of \,:7;,n.1
superstructure. This initial experience could provide individuals
some feeling of competence and the ability to carry out interesting Aduseful duties. Once an individual develops a basic set of job concc*L.
and related job skills, a knowledge and motivational structure may be
established Chat encourages and enables the individual to learn general
literacy skills Chat can permit him to advance further in his lob. Inthis way, Che general literacy block might be broken because posibilities
have been opened for which these skills seem highly relevant and important.

.A secend and long-term research approach to enhancirg gene-:o.1 literacyskilh; is ro carry out ha:iic research on the cognitive processes that'
,underlie the nature of intelligace and aptitude. At the present time,
this kind of research is not too abstract nor far-fetched. NoW research
endeavors area investigating the.processes that underlie the psychoeti7ic,---ally measured entitie intelligence and aptitude. .F:hese entirieS now
ate being interpreted in terms.of cognitiVe information processing stills .that may be amenable to specific training.

ImItitut-Zonal involves the information and general kno%:
required to get along the military setting.. This includes the Yi ity
to understand regulations and to. picticipate successfully to those
activities which contribute to one's advancement.

Literacy, "Numeracy", and "Dext2r-ady"

The emphasis of this Conference on reading and readability lead.; to a
concern about the "overliteracizing" of training, even though there
excellent work going on. that attempts to decrease literacy requiemeni.s injob Manuals by includjng more pictures, diagrammatic explanations., etc.
However, it needs to be reiterated.that individuals can learn in dLfierent
ways, and.that for some individuals, initial emphasis on verbal skill maynot be the avenue to further competence. The road to competence might
best be approached by initially emphasizing hands-on dexterity by whie
individuals can develop expertise up to a point which can then incorporate
necessary verbal components. So; in addition to literacy, Glaser used the
word "dexteracy" to emphasi:sn the,fact that literacy in our socicy may be
overemphasized to the extent that the dictionary does not contain such
words as numeracy and dex!:,7racy.

The fact that individuals learn in different ways means that research
must seriously examine both. the verbal and performance compouent ,r
training and the particulor strengths of individuals being 'crained, and
optimize the relatiorishipa between the two. There is a nice e-::t i.e Loillutratethis ic.lat:es to taking advantage o;: the
strengths of individuals .;uld ;c1justing training acco,-dingly. ":1, !Ludy
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(Wing & Wallach, 1971) considered the characteristics of students who
apply for admission to college. Examination of the workings of an actual
college admissions committee iftdicated that the usual pLocedure was to
give.strong emphasis to standardized Scholastic Aptitude T,Ist scores and
to high school academic achievement'in judging the acceptability of
applicants. Less-recognition was given to outsj.de-of-s hnol attainments,
such as.science projects or special employment. The college admission
process, therefore, skimmed off the cream with regard to test scores and
grades but failed to grant explicit recognition to individual attain-
ments which expressed themselves in nonacademic ways. A simulated
admission procedure in which nonacademic accomplishments were considered
as part of the college selec-tion procedure resulted in the selection of
an admitted class whose membership differed substantially oy some 50 to
60 percent from a cles3 admitted by the traditional pie:ietlees. Further-
more, the hypothetical new class represented a wide speeerum of attain-
ments and performance.capabilities. This kind of study suegeL:ts that
selection procedures of the traditional variety tend to L the
possibility of adjusting to the performance capabiletLes. of in:1-:Jidua?_s
in order to maximize success liz various occupations. If this !):oc.der

range of capabilities were considered, educational content and Leaching
techniques would have to adjust to the specific real-world accomplishments
that students could bring to bear on their schooling.

While this example:deals with a high level college population, the
emphasis on adapting to special attainments derived from either outside
the military services or in them is worth considering as one possible way
of adjusting to the capabilities of individuals as a basis for their
further training. By virtue of particular experiences such as hands-on
apprenticeships, individuals develop expertise from which they eoald have
been precluded by an overemphasis on "literacy!' as compared to "dexteracy."
An interesting:research accivity would be to apply the tactic employed by
Wing and Wallach for a population like that'entering the military services.
An important aspect to consider in this regard is that people can develop
higher levels of specific talent that may not be correlated with measures
of general verbal literacy (IQ). ,Excellent chess players, mechanical and
electronic experts, for exampie, can achieve competence through largely
nonverbal routes, such as the-visual modeling of others' performLnce and
practical experience.

Measuring Literacy and Other Communication Skills

Measures need to he developed for the Armed Forces, based rot only on
reading, but also on writing, speaking, and listening. The listening
scale is needed to determine whether a recruit can comprehend oral English
sufficiently for a task; if he cannot, a literacy course .would be a waste
of time. This, in essence, is what the current auding-reading comparisons
are aimed towards. (See Groff's paper in this volume.)

Speaking and wri.:.ing are equally important for some miliLari %asks,
yet seldom receive the atntion wIliCh reading does. A 1,;c;:1( develnped
for listening and readi_n cr_luld be extended, with some modilicnion, to
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speaking and writ-ing. vompef..ence fu iw
will be (or is) ..:on.rl.dered fer promotion-

.1.r: should be noted fair :2erceatage
especially into the Army, do noe speak English as their nati,fe li.:ngsugo.
A full utilization of this manpower resource requires that ornl. Thglish
be assessed and taught. lu building.such tests, it should be nut
that grade level. norms are not satisfactory criteria .tor adult liteca..-.y
'goals; whether they are useful even at the elementary levels is 'debatable.
Besides their arbitrarine,4s, grade level norms are based upon vocabulary,
subject matter, and syntax considered appropriate for elementary ehildren.To apply Chese to adults is in part inconsistent and in part degrading, A
more useful approach to setting reading criteria could be based upon the
Job Rea:.ling Task Tests which haN;.e already been deve2ooad fo'c ne
It the :wals of AT_Inct For.; literacy programs are t.:,sk-o-iente:1, then
task-oriented crizei-La are t:ar more appropriate than criteria base'i on
general vocabulary and comprohensioh.

LITERACY PROGRAMS.AND TRAINING SYSTEM :IDNSIDERATIONS

The Study of Literacy Training Processes

In the presentation of traning studies, mu,:h concern wa5 c;.i.v:.:n ro
selection vari:ibj tI, to :he me,::,urement o out.put :he
measurement of shoyl- o: efrects of trainiey,, on
Less detailed attenta. gi-Ye-h to what actually happened.
lag. There is obvious attention to the development of Lra-:_1;i11.;
and.to the comparison of different forms of training. Howe,.-er, little
study seems to be made of the details Of actual training implementations.
For example, when traluin me:h..-,d A is compared with t rcin.Lc motho
the programs are described only in terms of gross components; infor-
mation is provided at-lout che details of how raley are nct.ually imn'lemeuted,
and about the dimensions' of cach that were successful or the dfmenslons
that were unsuccessful. It is difficult to compure brand .1(.. all;uinst bran()
primarily by thef.r labels. It necertry to know whethe-r actu:LL
conditions were i,etto:: l'er.one ;:han the other, whether field con(!i.tic.-
reduced one to beinn LIM same a'r: the other, whether tWe invoL:e,: bet;'2r
group of instructors, or whethe: one permitted more t:_me to st:zdy,

. What is required in assessfnn various trainirw, procedures the
detailed analysis CC cl.leronm Droeesses ,:nd.implemenL,Jrion
This re'q1ire3 ir,oinrfon hnd ohsrvation of a 'number ot:
processes that include dimensions as (a) oppor:11n*Ly o ..eaihvinh
the time avaiio.h1c! fo;: :Lccual on-rask involvement; c,b) mr-Lf:1Hug
relationship between what Ls ectually teug.r.t and whe tested;
(c) material motivation _he ,H;r-.2r of inte!:est
Niterials; ((1) touching nktriv1;=-J_a:1 - the det;7.,e of exciteme 1 a:;e,:ercd
by the instcnetor; e:td. sello7,nop the t;)
eurric.utum in ;-1 I7orm of a !ierw:.hy -)F
;:o the L t! 'Th" 11010 tCiy of.

:',.1i.e;; on
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to more complex skills; and f) monitoring and feedback -- the degree
to which the training pi.oces _allows for the detailed analysis of student
strengths and weaknesses in che course of learning, and ow thstructio
is adjusted to this infonuatioa. .An interesting research endeavor is
conduct of field sthdies tha': investigate what is actually taught and
tested, and how it is taught, so that processes of training can be im-
Proved and so that different training systems can be given adequate iCTS
parison. A training system may also be compared to a tlu?oretical c:7 !..p-
tion of the expected.cnange in the reader to determine wnether the in-
ing has been effective.

There is need &)-ir a study of the teachers of tne I ercy prog.-.21s
to determine which competeacies are -necessary, how they Lay ;)e.
and how they can he evalunted.

The amount of L necessary to effect a significan:: improveme-: in
reading achievement needs stndy. At the Conference, it was made cicIr
that only a limited amount of time has-been. scheduled fo7 train-
ing, even for the men who come with no reading ability w1at:3oev.r. '1: is
suggested that the yever,.1, rather disappointing outcomed of L'. .

literacy training programs may come from expecting the 111possi'-1c.. i.e.,
expecting 4 or 8 years of prgress, in terms of standardLzed 7,_
achic/ement tests, in 8 wei!ks Jr so. Even if some of
can be acquired in so short a time, it is que'stionab;e whethe- tbe a re-
grntion of these skills can hc acrtuired in this Wha::
children (and it is sugge: that illiterate adults a. 'aot differ
stantially in this respect from children with similar readin levels) 1:
extensive reading and Tract1ce over an extenleil period of ti!JI. How inrJ;
a Li ,-,22ded fur adulL:; to reach certain reading levels

1'. should be'determined whthei-
and timmIL; of the insfrucion and practice varies with the f rius r,..1d-
ing level, mental ability,'and thi, kind of reading program u teadl
the begianiug rF:ading

'
Study is needed not only on the amount of time necess a efect

significant imp..7ovement in reading achievement, but alsb on ho amount
and nature of improvement that qualifie-. as "significant". .lat does a
given reading gain mean in terms of job performnce? Just z-ls ;;rade level
norms are unsatisfactory crieria for adult literacy goals, they are un-
satisfactary in evaloa'An,,:, the effectiv..!ness of idterrfc7 trLn La prugrams.

Studies of Alternative Deltvery Systems

Regarding the ,:ellvery of. lieracy training pro7--am, would he
well to lecik in-e the fca:Ability of making grenier c..;e -.TV,
films, :-.apes and t_f_!:,:Ls, eLc: While there is se.11-j'Ai ,.:nd,.2rway for
prochu:ing suoh teaeain;- it is suggested 1

! 'a learned
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from such programs as Childreu's Television Workshop's' Electr-:.c. C(.1mpnny
be examined lov posLble use in teaching basic reading skills to men at
the lowest level of reading achivement.

COmputer-aided instruction is still in .an early experimentel stage,
so far as its capability to instruct is concerned, NeverthelLss, for the
Armed Services, where available time for instruction -.Is severely limited,
CA-I...might he beneficial for some types of instruction. It would be less
sensitive to manpower chjNe than the present instrl.,1 system, and
considerably easier to uOiate than videotape, filmsi, or 4ny oth,lr passive
medium.

In addition, CAI might be used for continuing edul:ntion c)u a free-
choice basis, thus allowing military personnel the oppornll:% to i:ake
course on ttr:e. n;:! PLATO project at the of Illi-
nois has developed supplemental reading instruction for Lhe prilqary grades.Some of thef.r :neriencer might be transferable to an adult ci.ting. The
University of Wisconsin is experimenting with the use .cf an on-
line, interactive system fLI:: diagnosing reading skill The sys-
tem has a complete test annLy-sis subsystem built in so Lhat.t. r;:sults
can be printed within minutes after the last person is tested. Other
applica.cion::; of CAI, par:.iculariv those r,:hich provide job-innion,:ti lit-e. training, sbc,:Ad bc ccnrcd.

Intep-rated LiteiTacv and Technical Training

All of the Armed Services share the need of ha,:f.ng mt21-1 very
specific occupations .wi:h high degrees of proficiency. V2!1 I:en do not .-perform thoi7 jobs or cannot learn to perform their jobs, ti-e lea prob-lem of occioal coryetence. Literacy is one important hut not
the only factor of proficient job perfora:mnce. Tn the Armed f;i:ovices,
which define their mission mr)re in terms of specific job trni-lin Clan
general literacy train:lug, the exLensive investment in job per':ormance
aids shows sn implicit recognition that the iszue ofoccupatiojl c_ompetence.

The huFlonstic value of N:torcy training may also 'c,r 1-,-20,ined asa need for basic co!rtp:!tercy.tr:ing. To effectively litracy
to marginally fiter-Ite men, iE will be necessary to place re:yiing in the
context Of a 1...cger set of competencies. Essential basic eompeulacies
for adultL4 reading, writing, speaking, listenng, calcuMtizg,
and probLeri-civir:g. I: rcLriable to suppo tNiir theso ,:!17-).-?toncies
are connel and tehat one will not be usef,.11
for the indvidua withc.ut consomitant improvements in the of-11,:-:4. 'Jhatarc the speakin, reacling, compntin, 7cohtem-
solving competencie r-_:gnired for a given occupation? 7!-L.:7; cot of ,..lompe-
te.:acies may not he compl(,:ely appropriate For the typs. of occurfrequently in th,.: Armed Srr:rvices. However, it is clear :,:;HHi; tech-
nical documents would rio one major aspect for a large pror!::.)o of jobs.
Another mnjo-r aspert would probably turn out to be 1;roblm---;-HDTh. indeed,
problem-solvin win written do,=,:nts was menLionod freiuLr

ti rhis

".1/9



Conference. Good job performance is associated with frequent reference
to reading matters. A cause-and-effect relationship cannot be inferred
here, since high intelligence could mediate between the two variables,
but the relationship is suggestive. In fact, visual search of written
documents seems to be a relatively frequent and relatively difficult
aspect of job performance. There is, of course, a heavy technical knowl-
edge load in many jobs.

It may be instructive to consider the analogy between literacy train-
ing in the Armed ServiCes and literacy training in developing nations.
Of course, there are points of difference, but the points of similarity
are useful. First, it should be noted that, as reported in.the 18th Ses-
sion of the General Conference of UNESCO in Paris, 1974, there is a sub-
stantial undertaking known as "The Experimental World Literacy Program
and'its Global Evaluation". Over a five-year period from 1967 to 1972,
the program reached more than one million people (1,028,381) in over 20
thousand (20,379) instructional classes and employed a total of over 23
thousand (23,480) instructors at a total cost of about 27'million dollars.
While' the programs in the countries vary, they all draw a sharp distinc-
tion between "traditional literacy" and "functional literacy". Tradi-
tional literacy programs have defined literacy as reading'at a given:
reading grade level: (i.e., reading at the 4th- to 6th-grade level) and
the training programs attempt to bring adults up to that level of general
reading ability. For many, varied reasons there has been a widespread
disenchantment with this conceptualization of literacy. For example,
4th- to 6th-grade reading level did not provide immediate social and eco-
nomic returns to people. Low motivation and inadequately prepared teach-
ers contributed to attrition -ates that were so high that teaching could
not be effective. In it!_ place, the concept of "functional literacy" has
been substituted. This concept embraces reading, computation, and knowl-
edge in a specific area of social value, usually agrieulture. For example,
reading, computation, and knowledge about modern cotton-growing practices
are taught simultaneously in Tanzania. This type of program reflects a
more Complete and realistic occupational analysis than former programs
and it is vastly more successful.

At the UNESCO conference mentioned previously, the following prin-.

ciples of literacy training were tentatively forwarded, based on experience
in these projects:

1: Functional literacy programs should be geared to specific
objectives, problems or centers of interest.

2. There should be an integration of various components (lan-
guage, mathematics, technology, scientific acculturation,
scientific training, graphic representation) into a unified
educational process.

3. Programs should be adapt,2d to socio-economic and geographi-
cal conditions.
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4. Teaching should be intense enough to produce desired
results in a minimum time k;.triod.

5. There should be constant adaptation of programs and teach-
ing Methods to the changing technology and demands of
development.

6. Literacy training should be regarded as the first stage
in a process of lifelong education.

While the populations in developing countries and the Armed Services
vary in many ways, it Is neteworthy that in both cases occupational com-
petence is a major goal. In developing countries, it has been found to
be imperative to train competencies such as mathematics and basic khowl-
edge alongside the literacy Skills of reading and writing if the goals
of economic productivity and social advancement are to be achieved effi-
ciently: Perhalls the same principle woUld apply to the Armed Services
in the United atates.

One of the problems with general literacy training programs is that
the programs do not improve a man's reading ability to the level neces-
sary for functional use of the reading ability in job performance.-Increas-
ing a man's skill from 4th-grade to 6th-grade reading level is valuable,
but it is not functional for many jobs. In a functional literacy program,
men would be trained to learn to perform specific reading tasks to the
level required for adequate job performance.. Job technical.knowledge,
concepts, and skills training would he ingegrated with literacy training
including job reading tasks; e.g., r.:tading orders, searching the manual
of inventory, calculating prices, etc. Men could stay in a training
course until such time as they passed a proficiency examination with
criterion-referenced, job-related reading task tests. Thus, men who
needed to learn a number of basic operations, such as reading and writing,
would probably stay in the course lOnger than men who were higher in these
competency areas. This suggests a deviation from some of the current
practices in the Armed Services. At present, in many instances, the inten-
tion is that men will first be trained to read and will then be assigned
to job skills training. This adds to the total training time and fails
to capitalize on the immediate transfer to be gained from integrated,
functional literacy and occupational training. One issue that is raised

.by such.a practice is the extent of transfer of functional literacy train-
ing to general,life situations. Research could be performed to explore
the geheralizability of job-specific literacy training.

The overall thrust of the notions expressed above, particularly those
that pertain to te improvement of functional literacy and to adjusting
job skills training to the developed capabilities of individuals, suggest
a model of training that is different from the model generally employed in
the military.and in most civilian training and education. The usual train-
ing system is a Letective system which emphasizes the selection of indi-
viduals on the basis of preliminary screening tests that predict who has
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a reasonable probability of succeeding in a particular system of cr6laing.
The system of training is set-up for those individuals with speciF.ic enter-
ing credentials and is, improved by tightening credentials, but lit:Ile ad-
justment is made for individuals who might profit from extensive prerequi-
site training in.order to get through the system or by changes in Lhe
training.system itself to enable them to attain the full range of compe-
tencies that are required and taught by the training system, including
literacy skills. Research is needed to explore the feasibility of devel-
oping the more adaptive training programs needed to provide the full range
of competencies personnel may need to-have developed in order.to't.uccess-
fully acquire job knowledges and skills.-

Research might also explore the feasibility of extendin sueL au
adaptive training program to include.. pre-service functiona] 'c.rain-
ing in broad occupational areas. Policy decisions permitting, such train-
ing might be offered by the Department of Defense acting for a.11. Lh.: Armed
Se-r-vices or coordinated with other governmental agencies cloox.en
adult basic education in job-relatt,:d contexts, such as the flepr:.H.,nt. of

1Labor.and the Office of Education.

RFSEARCH ON THE READABILITY & USEABILITY OF MATERIALS

Research to Improve the
Predictive Efficiency of ;;eadability Formulas

..-_.,greement of Definitionn of Terms

Such terms as "readable", "readability", "comprehension",
and "useability" should be reviewed and standard dofluitHas

suggested. for Armed Services useage.. Standard definitions would pr,_'vent
miSunderstanding such as apparent differences in data which aro t_aily
differences in interpretation stemming from differences in t.:17-laj;,
The literature on readability provides a number of examples of direc.-
meat in int-A',:riln:ftt,71tion that., on cioser :Inspection, become moreiy ,7ot!;'_:-
sions in uncthgc. AI; a case-in point, the term "high readability
may refer to somechin tnat is easy to read or something that i ar to
read. The reason is that with some formulas (e.g., the commonly ned
Fiesch Readin<:; Ease formula) a high score means easy reading,,wh.L.e
others '(e.e., the commonly used Dale-Chall formula) a high score ielns
hard reading. Examples could be provided.for the other terms as
Standard definitions might not only prevent unnecessary confusio:ms :;.!A
disagreements in Armed Services publications and useage, bum, ::flpe-
fuLly) spread to ec2ticatirtal publications and .useage as well.
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Criteria for Predicting Difficulty of
Materials (Readability and Useability)

A problem discussed at the Conference was the tendency tc talk about
written materials as though.they were all similar in structure and pur-pose. A usefuldistinction was suggested between "olierational" manuals,
or ones that tell how to perform job tasks, versus training manuals,
which are to permit the.learninIg of job information. Though one mitt
wish to use a readability formula on both types of manuals, the desired
criterion for operational manuals might be task performance, while the
use ofrecall, recognition, or some other learning measures might be best
for evaluating the readability (learnability) of the training manuals.
With regard to operational manuals, the value of the document might be
assessed by Measuring the time required t perform the task with and with-
out the document within a defined pcipulaLim of men (with general apti-tude, p, and job experience, q). Thus, the value of the document could
be determined by the ratio of the "with" and "without" performances.
.Such a criterion could be applied to schematics and reference mnouaI,
as well as books or other technical writings.

Such a criterion would be useful in attemPting to improve cert:liTi.documents. For example, the extent to which a manual is well organized
and lends itself to search operations could be determined by examitigthe amount of time required to locate information in the document. The
quality of the document could be systematically improved by maninularing
its'characteristics in such a manner as to reduce the time needed For
completing search tasks using it.

Regarding the use of learning measures to evaluate the reeday
(learnability) of training Manuals, it was suggested that such measlIcsmight be an intermediate evaluation step in the case of narrative mlteri-
als used for training, where understanding of principles is highly de-
sirable, and that some kind of task performance might be a final, outome
for training manuals, as well as for operational manuals. Another sug-
gestion isto use as an intermediate evaluation step, a "levels-of-
comprehension" distinction, with a deeper'level (e.g., one that permits
more transfer of training) desired in the case of training than in 11r2

case of operational use. Differences among the Armed Services on this
question might also be explored.

In.addition to possible differences in criteria to be .prediettd by
readability.formulas in the caSe of operational versus training mahulls,
criteria lor "comprehensibility" and for "useability" should be rtaviwed
and ~Ale value,of.the two concepts compared for Armed Services useage.

The term "useability", though uncommon in educational publications,
is becacoLng common in Armed Services circles.. Criteria for ruring
useability, however, are not commonly agreed upon, and should be rvihwed.
The term "comprehensibility", on the other hand, is common enougli,
the criteria used for measuring it give rather strikingly difforeoL re-sults. A p7ime example is the use of multiple-choice versus cloze
prehension E:.cores. The former measure typically yields higher percentage
correct values than the latter, but validity coefficients for the s:Ime
readability formulas typically yield higher values for the latter 1-hIn
the former.
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Research on the Indicators of Readability
\Currently availablendicators of style difficulty (i.e., of thepsychological demands of ihe expository form of written material) are notwholly satisfactory. Further investigation of the psychological basisfor readability indices might be considered. Several interesting modelsfor the processing of text have emerged and have withstood empirical testssufficiently well to warrant\exploratory work on the applications of these -

models to practical documentation work. Some care is indicat.,.!d, however,to assure that what is done is\guided not only by the basic scientificddeas, but also by a
realistic\ptermination of what can be realisticallyapplied in practical settings. \(See Currants paper ip this volume for a

\
discussion of the difficulty of omputition of a readability formula ver-sus increase in predictive power.)

\Questions arose a number of times about whether readability formulasare predictive for highly technical\ prose and for semi-prose material.A grid was suggested that might have kinds of writing along one axis and. applicAtion situations along the ot*r, with empirical answers based onexisting data located at the interseOtions of the grid. Where data donot exist, it would be immediately op arent from,the grid .that studieswere needed, a ia the classic periodic:table in chemistry. This is notto suggest that the degree of precisio would match A.-.hat_ of chemistry,but the procedure could still be.useful Although it would be desirableto have all of the empirical data based \on use of the samr formula, Torexample, a first approximation would noOlemand this. Similarly, though
.

it might be desirable to. have an index of\the degree of technicality ofwriting for descriptive purposes, crude jUdgments might be sufficient forthe first approximation. In time, if thishppronch proves helpful, amore complex grid and/or other grids might be developed.

Readability formulas, because of their
Characteristics, should bethoughtfully applied. One such characteristic is that they are content-free. Since_word difficulty or word length and sentence length (or sen-tence complexity in some cases) are the predictors,

l-,.e problem of areader's knowledge of content must be'appraised ii '11F12 othi!r way. Theextensive use of technical terms and the infor!i.oe tse ,in individualmust have to cope with these terms cannot be taken Mto account throughthe use of formulas.

Many cohferees recognized the critical importance of the content ofwrittea material. Several judged content to be a much more important in-dicator of the readability of written documents than expository styleand form. Yet the reports read at'the Conference (as well as the substanceof the afternoon
discussions) indicated with painful clarity that methodsfor the systematic

assessment of content
are rudimentary PA: present. Inaddition to assessment in terms of the knowledge bal:e whj h a reader must. cope with, the development of effective methods for detf:.rmining whetherthe content of written material is sufficiently ,.omplere tnd accurate toachieve the objectives of documentation deserves high fri_orLy in futurepractical research sponsored by the military ServicOs.
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One approach suggeste.i for taking content into account in readability
. formulas is to.consiecr the technical terminology of.manuals as a separate
factor in predicting. readabilfty. This general.kind of question taki.ng
special terminology into account to improee formula predictiveness has
he,1 around for some time. With'avord-list type of formula, this an be
dbLe by adding words to the list or by excluding certain words Ptam a
count. With a.word-length type of formula, this might also be done by
excluding words from the length tount during application, but this can
cause considerable 'inconvenience and, in the uase of human (as opposed to
computer) application, probable unreliability of application. A better
possibility would seem to be the use of a correction factor based upon the
technicality of the material. A technicality index might be developed for
this purpose, using (for example) number of technical 'terms iu a .sample of
text Over number of total words; or, preferably, over number of contentdm
(as dpposed cc structure or function) words. The usefulness of these ap- f

preaches is, of course, an empirical question, and studies should be con-
:ected even though (or perhaps because) their success is by no means
azsared. Trying to add anothe-,: index variable to fonlulas or to correct
existing index variables m:w unfortunately be less effective than we
might hope; adding an adjustment for technicality of the material may pro-
duce no increase .J.n the pze.dietiveness of the formula. But aga.iu, the
questien is an empirical one and should be investigated.

Research to Improvc the Pr:)d.ution of Naterials

Research on the Selection. an 'fraliniag of Technical Writers

Whiie readbility formulas are somewhat efficient in wLedicting the
reading difficulty level of materials; they do not offer guidance for pko-
dozing more effective, readable materials. 'There is a need for research
to help train writers to produce more readable/useable materials: One
approach suggested is to identify the better performers-among groups of
writers in terms of their "track record" in producing good technical text
oVer a period of time. A po,st.hoc. analysis might-then help eventually to
answer such long-standing questions a7 whether it is better to'teach a
technically trained person to improve or her writing'skills or to
teach a trained writer enough of the n-eded technology to permit him or
her to write accurate teChnical documents. Even if one answer not
fit all.situations, this approach might help to say something about when

, one or the other possible sources of writers should be considered.'

If the characteristics of good technicaa writers can be identified,
further work on the development of SelectiorTinstruments should be. under-
taken Discussion indicated that many companies that produce materials
for the military do'not keep anycertain number'of technical writers under
,employ at all times, or at least do not keep those they have at technical
writing tasks all of the time. Consequently, sothe selection procedure.
could be helpful during crests in the need for technical writers. If a
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test-type instrument proves difficult t. dev,top, a profile:type approach
might be considered, making us of sueu v:Iriables as background, training,
experience, Interest, etc.

For training purposes, research is ueeded on what to tell writers
who wish to improve.the effectiveness Of th,tir writing or who, alterna-
tively, have been told their writing is inadequate- and must be changed.
Discussioh suggested that writers seldom, if ever, set out to write less
ef'fectively than they can. Yet.this happens, and most writers sincerely
welcome really useful suggestions for improvement. What suggestions can
:be given? Writers guides fail to agree, and in some cases, actually dis-

,

agree, on what should be done in writing clearly. One anproach is the
Army writing guide that is soon to'be published. '(See Kern's paper in
this volume.) Kern found that Army writers seem to "model" their docu-
ments after those that have gone before, and this.guide suggests prefer-
able alternative models. A second writers' guide produced recently by
Klare presents suggestions foT readable writing based upon psycholinguis-

_ti.c and readability research. The effectiveness of both of these guides,
as well as of others, needs to ba systematically evaluated. Such evalu-
ation should include attitudes cf writers toward such guides, probability
of use on the job-, et cetera.

Writers' 'guid(ies shouid also deal with the treatment of graphic mate-
rials, for the work of technical writers involves deciSions affecting the
design of graphic as well as textual material. Suggested research and
development activi ies include the following;

a. ,Research and develop guidelines for the use of graphic
materials. These guidl-lines should include the various
types of ,raphic displays, as well as "best" type of
display f r:a particular purpose..

b. Research a d develop guidelines on the readability of
graphic ma erials. Specifically,what element in a
parCicular ype of graphic display make the dis\play more
understanda le? Also, what are the functions o\f graphic
displays and\how can .they best be utilized forteaching
and/or learnIng?.

c. Research and evelop guidelines concerning design dif-
ferences for materials which are to aid people in per-
forming a task versus materials which are to aid people
in learning a t sk.
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Research to Provide Technical Writers with
Information About Reader Characteristics and Purposes

Arieed exists to identify the characteristics and purposes of intended
readers of different types Of technical writing, and to get useful informa-
tion of this sort to writers. Specific information about the, important
characteristics and purposes of readers of different types of material
often.does not get to writers before they begin their tasks;, when any in-
formation is provided at all, .!_t is likely to be too general to be of much
help. Some writers may not even know what kind of informatien about read-
rs could help them, and what kind they Woad u6e. if it were available to

_hem.

To provide concrete guidance to writets, we need to know i4 and When
rewriting can make a reliable difference in reader comprehension and per-
formance.. Put another way, a model is needed' that takes into account the
several categories of factorS tb.at can influence the effectiveness of re-
written material. Charactestica of written material and of renders are
clearly important; charnccori§tics of the'situation under which the mate-
rial is used and/or 'Jested may have more subtle but equally important
effects. One such way is by influencing reader motivation and giving or
not giliinCit a chance to aff,ccc reader behavior (e.g., through provision
of liberal reading and/or test:alg time). One prediction from th.l.s model
that has been successfuLly tested, is that improved readability will pro-

. duce relatively greater Information gain from a less preferred than from
a more preferred content. A number of implications are suggested by such
a finding. For exanples, priority might well be given to:, rdwriting low-
interest (versus high-interest) contents; putting the better writers to
work on low-interest contents; rewriting material for low-motivation jobs
and for low-motivation readers; most careful rewriting of .the'first parts
of courses; et cetera. Further work on such a model might well be of val-
ue for rewriting .tasks in the Armed Services, since the staggering volume
of technical material makes essential a priority approach te.the problem.

Research on Methods for

Assisting the Writer, As Writer and As Editor

Discussion suggested that technical mzmual production, and particu-.
laLly rewriting, are low priority activic. The' growing power, and the
attendant millingness, to reject unsatisfactory technical material should
improve matters, since contractors must give increasing attention to tech-
nical manual production under these circumstances. But even,then, few .

who have done much rewriting would suggest that it is as rewarding as
writing an original draft. The computer seems to offer potential help,
especially if the functions assigned it are those the writerdoes not like
to do, or do well, and,that are compatible with computer capabilities.
For example, computers can be made to do language recording and storage
tasks easily and efficiently; but language decision tasks only with diffi-
culty.and poorly, as the machinr-.! translation literature elezprly shows.
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Humans, on the other hand, have just the opposite proclivities. Conse-
quently, computer aid to the writer should focus on the former, and should
have the added characteristics of mapping onto printing and/or publishing
functions already being done by computer or slated for computer handling
later. For example, more and more typesetting is being done by computer.
Readability formula programs could easily be tied into the output, as .

could cloze-formatting programs. In addition,,,records could be kept of
the.frequency of occurrence of technical terms.(or other content terms)
foruse later in decisions on rewriting. In time, programs that provide
alternative wordings (sets of synonyms, phrases, or even definitions)
could be displayed for the writer at points likely to cause difficulty.
But the 0.),1,,,tek would decide among them, not the computer this the
writer can do relatively easily and well, but the computer cannot. Simi-
larly, a computer program could be developed relatively readily to flag
difficult sentence constructions as long as it was not asked to transform
such difficult constructions. One of the suggestions to grow out of the
Conference was that separating the writing and editing functions performed
by a writer could make the development of computer assistance even more
logical. For example, the computer could help the writer in his or her
miting role by storing and providing information useful in decisions con-
cerning the 'organizing and sequencing of content. On the other hand, the
computer could help the writer in his or her editing (rewriting) role by
storing alternative wordings or flagging points of possible difficulty,
i.e., "keeping track" (as noted above) of possible points of difficulty
and reminding the wrliter'of their existence as he goes over materials.

Understanding and Improving
Information Systems Within the Armed Services

A persistent theme in Conference discussions was the practical pur-
poses for which various written documents can and/or should be used, and
the nature of the skills demanded of the readers in these uses. This
appears to .be partly an empirical question and partly a problem for sys.-
terns analysis. In order to understand the current information systems'
within the Armed Services, a vigorous program is needed to determine the
information demands in the various tasks that have to be carried out by
a variety of occupational specialties, both on the job and in training
to learu the job. It is also necessary to get reliable data as to how
these information needs are me't at present, what skills these information
sources require from users, and. the attitudes of users as well as train-
ing and command personnel toward the importance of requisite literacy
and communications skills

A prudent approach w..uld be to supplement this important empirical
work with a systematic ana_ysis of what information systems ought to be
like in order to be both ef_icient and effective. These analyses ought
to consider le tasks that mist be performed, as well as production, up-
.date,_and di5tribution probl_ms, and the impact.of microfilm on technical
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material production and use. It would probably be worthwhile to model
and to simulate systems for various trade-offs between training and the
use of performance aids. The problem of archival versus documentation for
use deserves a closer examination for various practical circumstances.
Manuals and accompanying materials specifically designed to teach were
less emphasized at the Conference than manuals designed to facilitate job
performance once an individual is on the job. The implication of this maybe that the manuals are difficult to use in a training setting and force
the instructor to improvise or that trainees are required to learn flrommanuals not especially designed for teaching them. Whether or not a
ferentiation between job manuals on the one hand and teaching/trainingmanuals on the other.can make a significant improvement in :raining should
be a matter for study.

The rapid and accelerating growth in the amount of technical publice-
. tions which are deemed necessary for hardware systems of increasing tech-nical sophistication suggest the need for a major re-examination of docu-
mentation practices. Location of needed information, accessibility and
updating, and physical bulk are only part of the problem. What appears
to be- also needed is better understanding of verbal and conceptual prep-
aration neeessary to operate effectively within a given information system.
There are also indications that further developments in making text more
readable and better suited to human purposes would not be fully utilied
'unless the institutions and organizations which now produce techniCal doc-uments are modified. Concrete proposals for such organizational (and pro-
'cedural) changes did not emerge from the Conference, though there seemed
to be some agreement that the promulgation of simple rules fot judging the
acceptability of documents was not sufficient even if these are incorpor-
ated in regulations and procurement standards.

Finally, an information system .that is totally integrated froM begin-
ning to end could provide feedback to the people who design the hardware
and software systems, so that they might consider the docume-%tation re-
quirements (and resultin6 'communications skills regAred of readers) at
the same time that they make decisions about equipment L;tructure, function,and maintenance.
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_APPENDIX A

BIOGRAPHICAL NOTES

Biographical Notes on the Presentors

'JAMES R. BURKETT
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ceived an MS in computer science and a PhD-in educational, psychology,
both from Stanford University.

STEVEN D. GROFF
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. engaged in research in the areas of literacy training and comprehensibilit
measurement.. He received his MA in Experimental/Industrial Psychology frc
the University of Tulsa in 1971.

301

316



JACK H. HILLER

Jack Hiller is a Senior Project Director for the Army Research
Institute at the Presidio of Monterey, California. He is currently
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enrolled in graduate work at the University of Dayton.

WILLIAM G. MULLER

William Muller is employed at the Naval Air Technical Services Facilityas ale Human Factor Specialist of the Naval Air Systems Command, Technical
Documentation Policy and Programs Office. In this position he directs
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Consultant to the Naval Technical Manual System Program and as Human
Factors Advisor to the NAVAIR Weapons Training Division (AIR-413). Prior
work experience has been at the Naval Air Development Center,'Warminster,
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Factors Engineering for Future Naval Weapon Systems.
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RICHARD P. KERN

Richard Kern is a Senior Research Psycholoist at the U.S. Army
Research Institute for rhe Behavioral and 5ocial SCiences Prior to
this, ha was,a Senior Research Scientist with Lbe Human Resources Re-

. search Organization. His major research' interest: have been.in applied
research on design of training and trainiag uedia and factors affect-
ing quality of performance on the job. Ne is current17! conducting re-
search on design of performance-oriented nonre3idcnt instructional
tems and their '...up:-)orting materials anci ,.evel.op job analysis
methodologies which K4til1 permit identficatio:L ,!ammualoation ele-
ments of job tasks and assessment of their reiaLed si:1 req:Cirements.
He is a meml)er of tbe Ismrican Psycnolcal 2.merican
Educational Research Associatioa, and the Tuternationa Reading Associa-
tion. Dr. 1,:ern received his PhD from the State Unl.:ers:_Ly of Iowa.

ARTHUR I. SIEGEL

Arthur Siegel LT. Dlr-cor Appld Psychoi :;;.-,L-vces, Inc.
Previously he 1.ra a ;:t!. Fordh7::-1 La,:giLt

psychology at New York 2t Tllyie Uni-
versity; arld was a Project Direc;:or aL che lnstitu Research in
Human Relatimas. His st:udies have inclued the de,:eopment methods
for quantifyin.thednellactive ani'i motor loe:i (J., :he sysLem-operator,
work method _i:.velopment.., mar.wer planning .ars1 alocation,
performance: e-id development, training s,:stem (!,evlopme.At,ula relia-
bility prediction, maintainability analysis, display and control design,
human transfer function analysis, and system eveluat-1hn. DI-. Seigel's
e:Kperience in linguistics ear', readability inclr,:ns fou.AizForce pro-
grams, at least'five.Navy programs, and one A-;-my program. Dr'. Siegel
has alse developed a numher of 'special techniques for analyzing and de-
fjning the compre'nensibility of technical materials. He has published
over 200professional articles and technical reprt:s, two books, and has
presented 3r-, papers before the American and Eastern 1:syche1egica1 Associ-
ations. Dr. Siege!, is a member of sevnral professienal assoelations.
He received the doxtoral derL,e From New ':ork 1jT1-11y.
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JEANNE S. CHALL

Jeanne -Chan is Professor of Education and Director of the Reading
.

Laboratory, Graduate School of Education,,Harvard University. She has-con-7
ducted research on readability, vocabular-Y, and,the psychology and teaching
of reading. She is a Fellow in the American Psychological Association and
the American Association for the Advancement of Science, a past president of
the National Conference on Research in English, and is a member of the Board
of the National Society for the Study of Edutation. Among her publications
arc the Dale-Chall Formula for Predicting Readability (with Edgar Dale);
Readability7 An Appraisal of Research and Application; Learning to Read: The
Great Debote: and ToWard a Literate Society, with John B. Carroll. Dr. Chall
received her PhD from the Ohio State University.

SAMUEL GIBBON

Samuel Gibbon has been with the Children's Television Workshop since
1962; when he joined that organization as.one of the original Producers of
Sesame. Street. Previously, he was AssoCiate Producer and Writer Of Captain
Kangaroo for more than six years. In 1970 Mr: Gibbon undertook the develop-
ment of The Electric Company, a television program offering supplemental read-
ing instruction for second-, third, and fourth-graders experiencing reading
difficulties. He served asExecutive Producer of' tiat program'until 1973.
Since 1972 he has held an appointment as Lecturer in,Educatien,and Research
Associate in the Center for Research in Children's Television at the Harvard
University Graduate School of Education. "HiS research interests focus on the
effects of the properties of the television medium and the "syntax" of tele-
Vised messages on children's developing cognitive structures. Recent p.hlica-
tions include NATIONAL CONFERENCE ON VISUAL INFORMATION PROCESSING, (National.
Institute of Education,. 1975); and "Sesame Street, The Electric Company, and
Reading".(in J. 'Carroll and J. Chall, Ids., TOWARD A LITERATE SOCIETY, McGraw-
Hill, Inc., 1975). Mr. Gibbon received his AB in English Literature from
Princeton University.
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ROBERT GLASER

Robert Glaser is University Professor of Psychology & Education and
Co-Director of the Learning Research & Development Center at the University
of Pittsburgh. He has been President of the American.Educational Research
Association (1971-72) and of the Educational Psychology Division of the
American Psychological Association. During 1969-70 Professor Glaser was a
Fellow at the Center for Advanced Study in the Behavioral Sciences in Palo
Alto, California. In 1970 he received the AEM/ American Educational Pub-
lishers Institute Award for Outstanding Educational Research in the fields
of Instructional Materials. And, in 1973 he was elected to the National Aca-
demy of Education. ProfessOrGlaser has served as a consultant to many na-
tional and international groups, including the Educational Subpanel of the
President's Science.Advisory Committee. His recent research and publication
is in the area of cognitive processes involved in:intellectual performance,
and the design of sehool environments that are adaptive to individual differ-
ences. Dr. Glaser received his PhD in 1949 in psychological measurement and
experimental psychology from Indiana University.

JOHN T..GUTHRIE

John Guthrie has been the Director of_Research.for the International
Reading Association since September, 1974. Previously, he served as Kennedy
Scholar in Education at the Kennedy Institute of the Johns Hopkins University.
Concept formation and.verbal learningin children were his early research in-
terests. In the past five years he has studied basic perceptual and language
processes in reading, and in partiCular the cognitive deficiencies of poor
readers. Aspects of Reading'Acquisition, a volume recently edited by Guthrie,
presents a multidisciplinary perspective of learning to read. It will be pub-
lished by the Johns Hopkins University Press early in 1976. A second edited
volume, Cognition, Curriculum, and Comprehension, which foeuses on'theory and
.practice in the development of reading comprehensiol, is in preparation.
Dr. Guthrie received his PhD in educational psychology from the University of
Illinois.
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GEORGE R. KLARE

George Klare is Professor of Psychology at Ohio University. Previously
he was Dean of the College of Arts & Stiences at Ohio University. Earlier
affiliatiOns were With the Training Research Laboratory of the Department of
Psychology at the University of Illinois, and the Test Division of the Psycho
logical Corporation. Professor Klare has been a visiting scholar at Harvard
University, State University of New York at Stonybrook, and in. Europe as recip
ient of a Baker Award. 'He has served as consultant/lecturer for many organi
zations, and is listed in Who's Who in America. Professor Klare's continuing
research interests focus on readability and design of texts. His publications

. include The Measurement of Readability (Iowa State Univetsity Press), Elementary
Statistics Data Analysis for the Behavioral Sciences (McGrawHill), and Know
Your Reader (Hermitage House). Dr. Klare received his PhD in psychology from
the University of Minnesota.

MICHAEL MACDONALD-ROSS

Michael MacdonaldRoss has been associated with the Open University in
England since its start in 1969. From 1969 .to 1971 he was a partner in the
eduCational consultancy, Instructional Systems Associates, which helped the
University to set: up its course development'system. Since 1971 he has been
Senior Lecturer in the. University's Institute of Educational Technology. His
.research interests are directed toward curriculum design and the way prInt is
used to communicate complex information. Currently, Mr. MacdonaldRoss is
Director of the InstitutCs Textual Communication Research Group. This group

.

conducts research into the ways students learn from texts, and advises the
.University on ways to improve its printed teaching materials. Recent publica
tions include papers on behavioral objecti;ves and the structure of knowledge,
a bibliography for textual communication, an analysis of Open University texts,
and a review .of research into typography. In addition, Mr. MacdonaldRoss is
a Policy Editor of the Journal of Instructional Science arid a Council Member of
the Institute of Scientific and Technical Communicators. He received his BSc
in zoology from University College, London.

ERNST Z. ROTHKOPF

Ernst Rothkopf is Head of the Learning and Instruction Research Department
at Bell Laboratories. He joined the Bell research organization in 193B after
five years as a civilian,sciencist in the Air Force's Personnel F. Training Re
search Center. Dr. Rothkopf was one of the first researchers in programmed
instruction. His main interests throughout his career have been in learning
theory, .training techniques, human verbal learning, and particularly, learning
fromwritten instructional material He is the author of over sixty publica
tions and the editor of a book, Vetbal Learning and the Technology of Written
Instruction. Dr. Rothkopf has been a visiting or adjunctprofessor at New York
University, Rutgers,-and the University of California at Berkeley. He is on
several national advisory committees including the National Commission on Per
formanceBased Education, and is a Fellow of the American Psychological Associ
ation, as well as a member in numerous professional organizations. Dr. Rothkopf
received his PhD in experimental psychology from the University of Connecticut.
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RICHARD L. VENEZKY

Richard VeneZky has been on the.faculty at the University of Wisconsin
since 1965: He has been a member of .the NCTE Commission on Reading, the IRA
Committee oh Psytholinguistics, and the Advisory Board of the Central Midwest
Regional Laboratory's Language Program. He is also director pro tempore for
the IRA Oral Language Staff Development Program. His current research includes
observational studies of classroom organization (sponsored by the Israeli
Ministry of Education), analysis and review of teacher training techniques for
oral language development (sponsored by the International Reading Association),
and diagnosis of prereading and early reading skills (sponsored by NIE). His
publications'during the past year include monographs on testing and teaching
in reading, and a prereading skills program developeorat the Wisconsin Research
and Levelopment.Center. Professor Venezky iS currently Professor and Chairman
of the Computer Sciences Department,-and a principal investigator in the Wis-
consin Research and Development Center for Cognitive; Learning. He received
his PhD in linguistics from Stanford University.

THOMAS G. STICHT (Con:ference Chairpersop)

Tom Sticht is a Senior Staff Scientist.with the Human Resources
Research Organization/Western Division. Prior to this, he was a NASA
Postdoctoral Fellow at the University of Pittsburgh, and Assistant Pro-
fessor in the Department of Psychology at the University of Louisville-.
In the Spring of 1975 he was Visiting Associate Professor at the Graduate
School of Education, Harvard University. For several years, Dr. Sticht's
research and development interests have centered on the functional literaty
problemS encountered by adults. .This work has emphasized the improvement of
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APPENDIX B'

LIST OF CONFEREES:

Conference on Reading and Readability
Research in the Armed Services

NAVY

1. Dr. Marshall J. Farr, ireppo'r
Personnel and Training Research Programs
Office of Naval Research (Code 458)
Arlington, VA 22217

'2. Dr. Edwin Aiken
Navy Personnel Research and Development Center (Code 306)
San Diego,. CA 92152

3. CDR Larry Beguin
Bureau of Naval Personnel
PERS-2S

Washington, DC 20320

4, Dr. Thomas Curran'
Navy Personnel Research and Development Center (Code 306)
San Diego, CA .92152

5. Dr. Thomas Duffy
Navy Pe1,3onnel Research and Development Center (Code 306)
San Diego, CA 92152,

6. Dr. Dexter Fletcher
Navy Personnel Research and Development Center (Code 306)
San Diego, CA 92152

7. Dr. Eugene E. Gloye
Office of Naval Research
Pasadena Branch Office
1030 East Green Street
Pasadena, CA 91101

8. Dr. Norman J. Kerr
Head, Research Section
Training Methods Evaluation and Research Branch (Code 341)Chief of Naval Technical Training
NAS Memphis (75).
Millington, TN 38054

9. Mr. William Muller
NAVAIR Technical Services Facility
NATSF
700 Robbins Avenue

Philadelphia, PA 19111 311
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AIR FORCE

10. Dr. James R. Burkett
Air Force Human ResourCes Laboratory
Technical Training Division
Lowry Air Force Bathe, CO 80230

11. Dr. Ronald P. Carver

University of Missouri at_Kansas City
Kansas City, MO 64110

12. CAPT Charles Curran.
ATC/XPTT

.olph,AFB, TX 78148

13. CAPT Steven G. Groff
Air Force Human Resources Laboratory
Technical Training Division
Lowry AFB, CO 80230

14. Dr. Raymond L. Lewiski
Extension Course Institute
Educational Systems Branch
Gunter AFB, AL 36114

15. Dr. Arthur I. Siegel
Applied Psychological Services
404 E. Lancaster Avenue
Wayne, PA 19087

ARMY'

16. Dr. J. E. 4aner.
e- US Army Research Institute

1300 Wilson Boulevard
Arlington, VA 22209

17. Di: Richard D. Bloom
U.S. Army Research Institute Field Unit
P. 0. Box 5787
Presidio of Monterey, CA 93940

18. Mr. R. T. Diduk
HQ TRADOC (ATPR)
DCS Personnel
.Education Branch
Fort Monroe, VA 23651
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19. Mr. Dennis T. Fisher
Behavioral Research Directorate
US Army Human Engineering Laboratory
Aberdeen Preying Ground, MD 21005

20. Mr. George Fry
Education Specialist.
Ar:my-Wide Training Literature
U.S. Army Signal School
Tort Gordon, GA 30905

21. MAJ William Highlander
HQ,TRADOC (ATTNG-AS)
Collective Training Branch, DCST
Literature ProdUction Section -

Fort Monroe, VA 23651

22. Dr. Jack H.. Hiller r\
US Army Research Institute Field Unit
P.O. Box 5787
Presidio of Monterey, CA 93940

23. Dr. Otto Kahn
US Army Research Institute Field Unit
P..O.Box 5787
Presidio of Monterey, CA 93940

24. Dr. Joseph H. Kanner
HQ TRADOC (ATTNG)
DCS Training
Educational Advisor's Office
Fort Monroe, VA 23651

25. Dr. Richard P. Kern
US Nrmy Research Institute
13.00 Wilson BoUlevard
Arlington, VA 22209

26. Mr. Herman Rupp'
Army-Wide Training Support Division
P.O. Eox 5300
US Army' Air Defense School.
Fort Bliss, TX 79916

27. Mr. Jack J. Sternberg
Chief, US Army Research Institute.Field Unit
P.O. Box 5787
Presidio of Monterey, CA 93940
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CIVILIANS

28. Dr: Francis A. Cartier
Chief, Development Division
Office of Research and Development
Building 276
Defense Language Institute.
Presidio of Monterey, CA 93940

29. Dr. Jeanne S. Chall
Harvard University
Reading Laboratory
Graduate School of Education
Roy E. Larsen Hall, Appian Way
Cambridge, MA 02138

30. Dr. Esther.Coke
Bell Laboratories
600 Mountain Avenue
Murray Hill, NJ 07974

31. Mr. Fred Finch
California Test Bureau/McGraw-Hill
Del Monte Rerearch Park
Monterey. '7A 93940

32. Mr. Robert Fishburne
Human Factors Section
Environment and Energy Systems Department
Calspan Corporation
Buffalo, NY

33. Dr. Lawrence Frase
Bell Laboratories
600 Mountain Avenue
Murray HiJ.1,-Nj 07974

Mr. Samuel Y. Gibbon
Executive Producer

.

Children's Television Workshpp
One Lincoln Plaza
Mew York, NY 10023

35. Dr. Robert Glaser

Learning Research and Development Center
University of Pittsburgh
Pittsburgh, PA 15260
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36. Philip K. Glossa
Project Director
Sierra Learning Laboratory
P.O. Box 497
Jamestown, CA 95327

37. Dr. Burl Gray

Behavioral Sciences Institute
72 Fern Canyon'Road

Carmel Highlands, CA 93921

38. Dr. Donald Ross Green
Director of Research
California Test Bureau/McGraw-Hill
Dol Monte Research Park
Monterey, CA 93940

39. Dr. John T. Guthrie
International Reading Association
800 Barksdale Road
Newark, DE 19711

40. Dr. George R. Klare
Department of Psychology
Ohio University
35 Park Place
Athens, OH 45701

41. Mr. Glenn Kleiman
Psychology Department
Stanford University
Stanford, CA 94305

42. Mr. Michael Macdonald-Ross
The Open University
Institute of Educational Technology: Textual Research Unit
Walton Hall, Milton Keynes
MK7 6AA, England

43. Mr. Monte Penney

National Institute of Education
1200 19th Street NW (Room 815)
Washington, CD 20208

44. Dr. Ernst Z. Rothkopf
Learning and Instructional Processes Research Group
Bell Laboratories ,

Murray Hill, NJ 07971'
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-45. Dr. Glenn Roudabush
California Test Bureau/AcGraw-Hill
Del Monte Research Park
Monterey, CA 93940

46. Mc H. E. Schlichting
Senior Ensineer, Technical Data
McDonnell 4ircraft Company

Louis, MO 63166

47. Dr. Ed Smith
Psychology Department
Stanford University
Stanford, CA 94305

48, Dr./Richard L. Venezky
University of Wisconsin
Computer Sciences Department
1210 West Dayton Street
Madison, WI 53706

49. Phyllis Weaver
Learning Research and Development Center
University.of Pittsburgh
Pittsburgh, PA 152C0

Human Resources Research Organization (HumRRO)/Western Division
'P,O.Box 5787" Presidio of"MOnterey;"CA'93940

50. Dr; Thomas G. Sticht, Conference Chairman

51. Mrs. Diana Welty Zapf, Conference Coordinator

52. Dr. John C. Caylor

53. Mr. Lynn C. Fox

54. Mr. Robert N. Hauke

55. Mr. Kent H. Huif

56. Mr. Lawrence J. Beck
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