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SUMMARY 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 nonacceptance or
linmited assignments of marginal literates to avoid this problem. Times
of increased mobilization or lower ecornomic 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 personnzl
side - problems of agsessment of the literacy and oracy skills of persomnel
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 outside 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 (HumRRO), 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), Robért Johnson (AFHRL), and William Muller (NAVAIRSYSCOM).
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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 perscnnel 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. g

(2) The need for functional, job-related literacy training. Unlike
general literacy training, functional literacy traininz 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 literacy skills.
Oral language skills can affect the nature and amount of literacy training,
aud 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 and reading
training; the increased understanding would, in turn, help us to produce
both better readers and better reading materials,
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FOREWORD

In October 1375 a Conrersnce on Reading and Readabitity Fesearcn
In the Armed Sersices was held at the U.S. Naval Postgraduate School

in Monterey, Calitornia. Tne -ConTerence brought together representa-
tives from research and development organizations within the U.5. Air
force, Army, and Mavy, cperational 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 readahls and use-
able technical decumentazian. This report presents the proceedings of
the Conference and additianal papers resulting from post-Conference
deliberations. '

The Conference was fundzd by all three armed services. Specific
those organizations whose aciivities made

tne Conference possinis arn: : '
Air Force 0ffice of Scientitic Research, Dr, Alfred R. Fregiy
Rir Force Human Ressurces Laboratory, Dr. James R. Burkett
Army Research Instityis ,
Tor the Behaviora? ' Zpcial Sciences, Dr. J. E. Uhlaner
Navy Personnel Rescoerni and Development Center, Dr. Edwin Aiken

OFfice of faval Posrarcih, Do Marshall J. Farr
In addition ta tha 7iragoing persons, Dr. Joseph Uard of tha Avmy
Pesearch Inctitute for “hi: Behavioral and Social Sciences contributed
considerably to the development of interest in and support for the
Conference. -

The task of serving as technical monitor for the project fell to
Marshall J. Farr of the Office of Naval Research. In this role he
d as the primary contact for HumRRO personnel, coordinated contract-
nd Conference planning meetings among the various service organiza-
,» and provided counsel «nd assistance on various matters nertain-
ing to the conduct and reporting of the Conference. :
Q

Rear Admiral Isham Linder, Superintendent, U.S. Naval Postgraduate
S5choot, Kindly made the faciiities of that institution available for the
Conference. Captein Dean Taylor, Jr., Chief of Staff of the USNPGS,
acted as host and provided support for the Conference. Mrs. Ruth Guthrie,
Conference Coordinator at the USNPGS, performed valuable-services in the
arrangement of facilities and services for the Conference.

The Conference was conducted hy the Human Resources Research Organi-
zation, Western Division, where Dr. Howard H. McFann is Director. Dr.
Themas G. Sticht wes Principal Investigator for the projact. Mrs. Diana
Welty Zapf served as Conference Coordinator and Associiie Editor of the
Conference pruoceadings.

The work was- performed under Department of the Navy Contract NO0014-
76-C-0312 issued Sy the OFfice of Naval Research under Contrazt Authority
MR 154-385, with funding support supplied by the 0ffice of iwval Research,
the Navy Personnel Rzsearch and Development Center, the Army Reseirch
Institute for the Gehavicral and Social Sciences, and the Air Force 0ffice
of Scientific Research. ' '
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THE CONFERENCE ON READING & READABILITY RESEARCH
IN THE ARMED SERYICES

BACKGROUND TO THE CONFERENCE

The Literacy Problem: Producing Better Readers

In the midst of Project 100,000 in November of 1970, a Working Group
on Listening and Reading in the Armed Sesvices 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 consaquence 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 Report On Litenaey Thaining Puo-
grams in the Awmed Services (McGoff & Harding, 1973). This report con-
tains a Prologue signed by the then Deputy Assistant Secretary of Defense
for Education, Mr. . 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 hLiphly probable that the estimates of a con-
tinued flov of ur.essions with reading problems into the Armed
Forces are esswc. o.illy correct . . .

The need for a more comprehensive effort on this problem
is evident in the unanimous recommendaticns of the Working
Group on Listening 2nd 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,
mosd importantly, well designed evaluative procedures .to pro-
vide feedback for program improvement' . . .

Progress. in dealing with the literacy problem is essential
if the productive potential and more effactive utilization of
. @ portion.of our manpower resources are to be achieved.
' (McGoff & Harding, 1973, pp 9-10.)

As this quotation indicates, as of April 1974, there was continued
concern within the Armed Services with training problems posed by the neced

to utilize personnel having low literacy skills. Since then, the economy
has stimulated many more academically capable youth to seek ‘employment in
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the Armed Services, aand 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
cnce 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 attevtion is teirg 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 levei. Hany of the higher quality recruits
entering the Services today uader the press of economic insecuiity 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 nced for research and development on methods
for providing literacy *raining for career developmeut, And, indeed,
such research is underway in all three Services.

The Literacy Problem: Producing Better Reading Materials

A major problem facing wany 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,'regardless of a person's reading ability. Again;
this problem has been well recogniz=d by the thrce Services, and active
rescarch and development programs are currently underway to improve tech- -
nical documentation. The success of these R&D efforts should iead to re-
duced reading demands of technical materials in many wilitary jobs, and
hence, render such jobs more accessible to less literate personnel (as
well as producing materials more usecable by all personnel).

The R&D Problem

Thus, the Armed Services have research and development prosrams which
take two main approaches to literacy problems: BaD to produce batten
readess through literacy training, and R&D to produce batten heading
matesnials, i.e., to reduce the difficulty levels of manuuls, texts, and
other printed matcrials. MHowever, in recent conversations witii scientists
‘in each of the Services, it was acknowledged that thers is currently a
great deal of research and development activity outside the Armed Services
on problems of literacy and design of textual materials which has relevance
to the problems found in the Armed Services. A need was expressed by re-
searchers witirin the Department of Defense to communicate with experts on

In this report, we use the spelling wseability rather then wrabifity. e
Laelieve that the former spelling helps preserve the semantic vrelation
between.wse and whsenblldy, a relai%gn of major importance in improving
naterials, '
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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 imprcvement of
technical writing which the Services face.

A Conference oh 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 respomse to conversations with civilian ex~
perts, the Human Resources Research Organization (HumRRO) proposed to con-
duct a Conferesnce on Reading and Readability Research in the Awmed Services.
Such a Conference would bring together Armed Services R&D personnel, con-
cerned nilitary operational personnel, and civilian experts in literacy
and technical writing to focus specifically upon literacy and technical
writing R&D problems within the Armed 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/Teclinical 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 way
reached, and it was also suggested that, following the Conference, a wark-
ing group composed of representatives from the R&D organizaticns of the
Navy, Army, and Air Force and the Conference Chairman from HumRRO 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 Conference
¢n Reading and Readability Research in the Awned Services.

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 trhese major
objectives: :

1. To bring togethier military R&D and operational personnel with
civilian experts in the fields of reading and readabilityv 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
ceach Service is anticipating for immediate next steps in these areas;
and to exchange dideas and insights for additional actions which might
be taken to pursue solutions to the problems of literacy and technical
writing encounterad by the Services.



ty’

. To develop, through small-group discussions of key issues and
<wa papers produced Ly the civilian experts based upon their reflec—

Zons of the Conference, information which would be reviewed in post-
snference, tri-Service meetings to develop recommendations for future
24D in reading and readability.

5
4
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To produce a published document containing the procecedings
the Conference, including the recommendations evaluated in the
i-Service, post-Conference meetings, which would bring the Armed
rvices' concerns with literacy and readability of technical writ-
ing to the attention of a wide range of Department of Defense per-
scnnel and civilians interested in these vital issues. ‘

3.
of
tr
Se

Format of the Conference 3

The Conference on Reading and Readability Research +i» nihe Armed
Serviees was held on October 28-30, 1975, at the Naval Poustgraduate 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) rast 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) oigoing rescarch on improving the useability of technical writing
through cuusideration of Factors other than those involved in readability
research (e.g., format, organization, selection of content viz tasic anal-
ysis). VYollowing each paper, a noa-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 Couferance. The
perspective papers and the comments by the civiliarn consultants are con-
tained in Part IL of these Proceedings.

In the afternoon sessions, the expert consultants to the Conference
conducted five Working Groups dealing with these R&D topics: (L) 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 o general meecting of conferees on the last afteruoon of che Con—
ference, The Working Group leaders (the civilian consultnnis) presented
oral summaries of the liey issues and recommendations to smerge in their
groups, At this same general meeting, operational personnel from each
of the three Services delivared oral statements aof reseire~h and develop-
ment neads from an operational perspective. The combined observations
and suggestions that emerged from the Conference are presanted in Part IIT
of these Proceedings.

In addition to the papers in Parts II and IIL, two parers wore prepared
which present perspectives un literacy training and design ¢f materials that
cut across all three Services. These ‘papers follow in the remaining pages
of Part I.

16

Q ]'5
ERIC |

Aruitoxt provided by Eic:



A

LITES"ZY TRAINING IN THE ARMED SERVICES

Thomas G. Sticht
Human Resources Research Organization

- Throughout their histories, the Armed Services have contended with
the problems of training young adults who are characterized by their slow-

tests, and Door performance on tests of academic skills (reading, arith-
metic). Several chapters in the Présent volume discuss the past and cur-
rent efforts within the Air Force, Army, and Navy to deal with personnel
having low academic skills through the Provision of remedial literacy
training. Generally, the upshot of these reviews is that current liter-
acy training effortg are inadequate for the jéb. The papers by Caylor
(Army), Duffy (Navy), and Groff (Air Force) all point to the lack of econ-~
vincing evidence for the effectiveness of short term (6-8 weeks) rematigl
reading 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 of
personnel of low literacy skills by providing remedial literacy training
is cnly one of four Strategies which have been used by the Armed Services
for dealing with this problem. The three remaining strategies include
not accepting marginally literate personnel; accepting these pPersonnel,
but assigning them to jobs requiring only low levels of academic skills;,
and redesigning of training and job materials to accommodate the less 1it-—
€rate personnel. As with remedial literacy training, none of thesge stra-
tegies has proven entirely satisfactory. The following pages provide a
more detailed discussion of all four strategies and suggest reasons for
the 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 1it-
eracy problems,- a general Plan is discussed for the development of a.train-
ing system which would not only provide training in technical job skills
and knowledge,.but which would also incorporate the teaching of basic and
advanced literacy skills within the context of Jjob skills training.

training system, pProblems are discussed of a conceptual and methodological
nature which will have to be resolved if any course of action based on the
assassment 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 two strategies involve
the development of training programs for ;lower aptitude, less literate
persornel. 1In one approach, the person's low li'.eracy skills are consid-
ered as a fixed characteristic of the person, anil modification of-.job
technical training programs %o adapt to the persan's lower-than-normal
capabilities is attempted. 1n :"e fourth strutegy, en attempt is made to
produce a more adaptive person through the provision of basic literacy,
skills training. "

Nonacceptance of Il1literates |

One way to overcome the problems reculting from low literacy skills
in iuductees is to avoid them. From time to time, the Services have
raised admittance standards with ths result that large numbers of mar-
ginally literate men were excluded from service. 1In general, standards
have been raised during iatervals of relative military quiescence and
lowered during periods of military activity, suzh as the Korean and
Vietnam conflicts,

There are, however, several problems associated with the strategy
of 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

that it may become necessary, under conditions of large~-scale mobilization,

to enlist marginally literate men. f 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
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-

tary service.

X

i

cation, social development, and practical experience that accompany mili- 1.
b
I

Limited Assignments

The problem of using marginal literates also hads 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 avallable; 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. 1In 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 E1-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
men. TFor 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
amourit 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 ¢f 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 concerns 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 nonacceptance and limited assignments for marginally
literate personmel 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 msterials and reading tasks
the job involves. 1In 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 swmmary task statement method of stating reading demands of
jobs. The second approach can be called the swmany Andex number 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,
Bulisted Militany Occupational Specialties (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., 1976) describes an-
other method of sperifying reading tasks. In this case, a checklist of
materials is compiled and people indicate which kinds of ‘materials 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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aresr fields (Smith, 1975). 1In this study, an attempt was made to find

el

out both what kind$ of materials. aze read in these jobs (e.g., notes,
nmenos, letters, directions, instructions, policy manuals, procedural man-—
vals) and what neading #asks are performed in these jobs (e.g., read to
loczte and understand the main point or idea, to follow directions, to

ut 4 : in sequence or order, to notice and interpret how facts or

Fut s
Catalls 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 detarmining if a given job required the reading of graphs, two graphs
wvere shown as exemplars and interviewees were asked to indicate whether
or neoi they read similar graphs in performing their job.

0

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
areater detail, but on WhY a person reads in a given job. Additionally,
the Canadian work has distinguished entry-level recading 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.

s clear that the Canadian methcd provides more useful informa-
he typical summary task statement or list of matevrials people
rea » even though the Canadian approach far surpasses the typi-
cal cumnary task statement in specification of reading tasks, it still
Zails Lo precisely specify reading tasks. For instance, the question of
what wmatoricls job holders read versus why they read are asked separately,
vwithout reference to one another. Thus, though we learn that, in a given
job 2 parsen reads policy manuals, and this same person reads to follow
ad ziovs, we do not know that the person reads to follow directions in -
¥ manuals. A more explicit statement of a reading task wouvld include
+

4]

[o D}

-
v
oolid

S,

There is also reason to question whether people can rate their per-
aanice of a generic reading task, when all we can pressnt are specific
iniays (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,
2ven though each display was a "species" of the "genus". But that study
did not bhave 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 suggast that people may not raspond to the genus
asprci of a spacies display, but rather, to the content of the latter.

-

Additionally, responding to information d.splays with a simple "'yes,
T read things like that” or "no,I do not read things like that" does not
define a fask, bacause to "read" is not defined; though, since figures
and tables are considered to be '"read", a general definition like "extract-
ing information from visual displays' may be necessary. But, extraction
of information can 70 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, ete. Or, one can extract information useful for constructing ideas
represanted by the mnessage 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.

Estimates of Job Reading Demands Given in Summary Index Numbers

‘Educater Estimates of Job Reading Demands: Perhaps the most widely
used methed for stating reading demands of jobs is the reading grade level
(RGL) index number. This appears to have come about because the need to
State reading demands of Zobs has usually occurred along with the need for
literacy fraining programs. For instance, as Hiller indicates in this
voluae, in Wordd War II, the Army was requirad to establish literacy train-
ing for many illiterate personnel. It was decided that the goal of such
training should be te 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.
Sinca WW II, whenever large mobilization efforts have resulted in the
induction of large numbers of marginally literate personnel, such as with
Project 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 wolume). In Pro-
dect 100,000, the Air Force established a goal of grade 6 reading ability
for its reading program, the Army set its goal at a grade 5 level, and the
Navy produded ‘graduates in the 5.0 to 5.5 RGL range. No documentation of
the baces /for these eitimates has been found.

Job/Raading Demands Devived from Job Analysts' Judgments: In civilian
szttings, 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

paepY

navketable reading skills.

in the DOL approach, job analysts estimate the levels of General Edu-
cational Development (GED) required for various jobs, based on interviews
with job iacumbents, supervisors, and obsarvation of the job being per-
foermad. Jobs are then categorized as requiring one of six levals of GED.
These levels have been developed to roughly parazllel school-based educa-
ticnal development. Hence, for zxample, a GED of level 1, is said to

~'apl')l‘O:\'ifnate the education obtained in grades 1 through 3, level 2 parallels

4 through 6th grade education, etc. (Pnillips, 1970). Thus, when a job
is assigned a GED level, it has also been assigned a reading grade level.
To say o job has a level 2 GED, is to say it requires a 4th- to 6th-grade
reading zbility,
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This approach, like that of th. educator's estimate, is a ;udamental
approach, which calls for an-estimate by the job analyst. Thcugh rela-
tively low in cost, -the lack of specificity in the rules for arriving at
2 judgment of the GED level, ard 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

estabiishing reading demands of jobs.

Readability Estimates of Job Reading Demands: The development of.
methods for estimating the reading grade level of difficulty of various
Teading materials, hy specially constructed readability formulas, makes

possivle a relatively low cost method for estimating reading demands of

jobs. By applying a readability formula fo 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
Jjot trainihg program.

Readability formulas have typically been constructed by two means.
In one appreach, prose passages from school textbooks of various grade
levels are sampled and features such as average sentence length, number
of one-syliable words in 100 words, and so forth, are determined. These
features are rhen used in correlational aralyses to find out how well
they can 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-
u2s are typically found, say, in the &th grade of school. Therefore, the
materinl is said to be of 6bth-grade difficulty, and by definition, re-
quires 6th-grade reading skills.

The preceding approach to the construction of readability formulas
does not involve any direct measure of people's abiliries to comprehend
the materials. It is not krown in that case whether 1/3, 1/2, 1/4, etc.
of the 6th-grade students can actually comprehend the matevial 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 textual material such as sentence and word length to perform-
ance on tests of comprehension of the material. Then a rveading grade
level in éssigned to the material by setting a criterion of accuracy on
the comprehension test, say 70% correct, and determining the earliestc
grade leval at which some designated propor.ion of people, say 50%, get
707 correct on the comprehension test. If it happened that, on a givean
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 nust: . -

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
ic 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-

rehension test (e.g., 70% correct), and the criterion set for the propor-
iion of people at each grade level (e.g., 50%) who must achieve the cri-
terion scora. 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!

Beycnd 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 ohtain a representative sample of job materials, nor even
to determine the proper domain of materials from which sampling shculd be
done. 1In this regard, a major difficulty can arise due te the distinction
between the formal job task specificaticns and.the actual, Lnfoamal fob
tasks 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 fo/mal, 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
nev 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
Aty jobs would require 12th-grade or higher reading skiils if readability
factors alone were considered. But because many persons with reading
skills well below the 12th-grade level were successfully completing 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
vrocedure 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 ren experienced in each
job were administered standardized reading tests and twc 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 1level 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 he 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 757 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 purpose 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 Successful 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 knowledge 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 ag 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 reading tasks.
Many job tasks can be performed without reading, and may be learned by
watching and imitating others. TFor 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 Readihg Demands of Jobs Derived from Job Reading Task
Tests: 'To render the correlational analysis technique more directly rele~
——t . . . . .
vant to job reading 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 reading 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. 1In 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. Tasks such 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 (JRIT) were constructed which tested
the ability of men to perform the different job reading tasks.

The JRIT and a general reading test were administered to several hun-
dred Army persomnel. 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 o* abillity 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 requiremen: can be estimated for each

job. ,

In the Army research, it was found that if a criterion of excellence
was chosen such that 70% of the peopie 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 neading Zask test methr represents the most direct approach
to determining job reading requiremerrs in that it takes as its criterion
meaz i 1he reading score on the JRTY, a sample of actual and commonly
used job rcading materials. To the extent that the job reading passages
constituting the JRTT comprise 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 JRIT passages is the ability t- perform
the job reading tasks and thus, to meet the job readiog requirement.

Additionally, it should be noted that using the JRIT method, reading
skill 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 say
that 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 complex, this would seem an unrealistic goal.

Tne 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 demends are not discovesred, they
are cheated by procedures which are more or less systematic and performed
according to more or less specifiable rules. The question of the vafidity

20

27




O

ERIC

Aruitoxt provided by Eic:

of any estimate can only be answered with respect to a model or theory

0of job-related reading which would define systematic procedures for ob-
taining 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 tnat an
approach is not walid 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 estimatei and Sticht, et al. (1976)
fovad in their structured interviews with Navv 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 jcb 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 tue 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 subtasks which were re-
ported Lo 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 materjal was not understood. How would one know? . Would
speed of reading be scored? Would it matter? Could nne then develop 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

‘techniques 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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Meditication 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 lewels of different individuals. Thuas, written
icstructional material may prove adequate for certain individuals, buk the
same instrmictions 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
Lwo primary recommendations regarding the training of Mental Category
IV persconnel presented in a review of some five years of study by the
Naval Personnel and Training Research Laboratory. . :

of

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 feading
requirements (including written tests) and theoretical
knowledge and should utilize pictorial materials, simpli-
fied terminology, and practical 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 using; reading materials for training Category IVs.
In a report of an extensive series of studies on the development of train-

Ing techniques for use with Category IV personnel, Army research concluded:

For tha 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.)

Fapers . 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 Muiler.) As these papers suggest, lowering the diffi-
culty level of the primted 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 iimited. 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 1s unlimited and jobs can be fractionated and specialists who do
nothing but a small part ‘of the job can be used. However, we ~re in a
time in which weapons systems and associated publications systemns are
growing more complex and voluminous, as Muller's paper in this volume re-

-ports. Accompanying this growth in weapons/documents eystems 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 iuvolving more and more specialists. In fact, what is
neaded are mecre 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.

On 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. Oison'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
vasis, 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 literate ome — presumably this is
the case whether or not one uses printed materials or lecture
mz2terials. In both cases, a practical task is changed primarily
into & varbal onme — calling for the analysis and memory of
statements instead of a pattern of action. This is well illus-
trated in the familiar poem by Henry Reed, called Naming of Parts.
The poem iilustrates 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
»£ 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 instructicn employed; it may not occur with the
practical actions themselves. . . . Here is Reed's poem:

Today we have naming of parts. Yasterday,

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.
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This is the lower sling swivel. And this
Is the upper sling swivel, whose use you will
see
Wihen you are given your slings. And this is
the piling swivel
Waich 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 adlways K
released |
With an easy flick of the thumb. And please ‘ ‘
do not let me ’ |
Seea 1

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 latting :
anyone see
Any of them using their f;nger

And this you can see is the bolt.

The purposea :
of this :
Is to open the breech, as you see. We can ‘ i

slide it ;
Rapidly backwards and forwards; we call this

Easing the spring. And rapidly backwards and
forwards

The early bees are assaulting and fumb ing
the flowers: ‘
They call it easing ‘the Sprlng.

They call it easing the spring: it is %
perfectly easy E
If you have any strength in your thumb - like oo
the bolt, |
And the breach, and the cocking-piece, and '
the point of balance, :
Which in our case we have not got; and the 1
\ 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 made 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
dezanding occupations, there is reason to question the long-term 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
e¢lininated 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 .
mermorized in training. Since equipment and procedires may chanse Ggten
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
the need for direct, hands-on, personalized instruction, thus expanding
the individual's range of utilization.

With regard to carcer development, the strategy of avoiding the use
of printed materials, starting early in a man's career, may foretell a
1i d level of achievement later on when actual job demands call Ffor
T r use of reading materials, as indicated above.

nice
eate

)

The problem for the design of training is to insure that the train-
ing prepares personnel for performing all entry-level tasks — including
toth 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 e€rd 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 suc¢h 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
beent to initiate a remedial reading program to train these people to read -
at some minimal level presumed adequate for coping with the basic demands
for reading in the military. For the basic reading programs established
during Project 106,000, 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 1lit-
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 Marginal Man and Military Service (Depart-
ment of the Army, 1965), failed to démonstrate 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 skiils 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
ef‘ects of such npn-improvement on subsequert measures of job training

Oor job performance proficiency.

Evalvations of literacy programs since Vietnam with respect to their
1moac; on training or job proficiency are scarce, and in no case do. they
isolate the affects 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 theé 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 orade and to be judged eligible for reenlistment.

In an unpubllshed 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 tvaining. However, the remedial reading program
2lso offered four hours of military training daily, so it is not certain
that the reading training per se resulted in the different success rates
in basic military training.

Duffy’'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 perfcrmance
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 suclh performance measures? Work by the Human Resources Research Organ-
izaticn (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, noi 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

(a4

“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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1f eight or more weeks of formal job traiiing may have little or no
effect on, subsequent job sample test performance in these types of jobs,
is there any reason to believe that four, six, or even 13 weeks of reading

training will be reflected in such measures? Probably not. Many job tasks

can and will be learned by "show-and-tell" — especially tacks of high
frequency wmnd criticality =~ i.e., the types of tasks emphasized in task
cnalyses and typically used to construct job sample tests.

Furthermore, except for the profoundly illiterate (e.g., persons
reading belcw the grade 2.0 level) which most of the military reading
students are no%, 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. TFor the

progoundly i8&itenate, improvement on any of these indices would be con-

tingent upon successful literacy training up to some requisite level.

The Air TForce 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 of job proficiency
against which the effects of reading training might be evaluated would be
neasures of a person's ability to perform necessary job tasks involving
reading. Necedsary reading tasks could be defined as those reading tasks

waich a person would have to perform 4§ he was working alone on the job

and had no one to turn to 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 allf 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. On 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. 1In fact, data from HumRRO (Vineberg, Sticht, Taylor, &

Caylor, 1971) indicated that job knowledge and job sample test performance
for the fcur 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-

provemant 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.

€y ¢
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To date then, the strategy c¢f dealing with literacy problems in the
Armed Services by providing brilef remedial reading programs has not been
demoustratad 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
are 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 sesms likely that the beliaf that adults can be taught to read
in brief periods of time is due to our not 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. If a person
does nct 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
anount 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 peovle 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 unlockiﬁg 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 titis 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
decocding 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 iT 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
Sth-grade level. These findings are confirmed in research reported here-
ia by Duffy using Navy personnel.

The fact that most marginally literate personnel score several years
below the norm for their age group in auding’ indicates that their "lit-
eracy" problem is not restricted to the printed page. Rather, it reflects
ir 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 of this is that
majbp improvements in reading skills of marginally literate personnel will
require major improvements u.n language competence (e.g., vocabulary
knowiedge).

Carroil (1971) discusses problems involved in measuring growth in
vecabulary (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 15,0C0 words. '

Accepting this rate cf growth, if marginally literate personnel typ-
ically have vocabularies like beginning 5th graders, then they know about
©,00C words. To achieve a 6th-grade vocabulary, about 1,000 words will
have to be learned. 1In a 6-week program in which six hours of active

" learning occurs each day (an unlikely situation) new words would have to
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be learnad and retained 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 prcblem enlarges when it is recognized that this rate of learning is
based upon typical léarning rates of typical children. Marginally 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
leara and retain six to 12 words per hour for six hours a day, or even
half this number. As Carrol has pointed out ". . . basic linguistic com-—
petence (at least with respect to grammar and vocabulary) is probably
relatively uansusceptible to improvement except over long periods of time
and with tremendous efforts . . .V {(p. 130). :

Avding 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 fegarding the effectiveness of current literacy training

-programs reported in Part IL of this volume, and the foregoing consgider-

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 ficially scheduled time for continued literacy devel-
opmernt 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 zdult
basic education (ABE) programs.

Available figures indicate that a single ABE program by
itself usually accomplishes very little. TIn most programs,
the advances which occur in reading, writing, and arithmetic
are somewhere around one grade level, or occasionally two
graces. 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 markediy dif-
ferent employability situation than faced him before ABE.
(Wote 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 ox 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 ABL
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 1ink 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 detajiled learning activities should usually be
based on more immediate student interests."

(Kent, Bishop, Byrnes, Frankel,
lerzog, & 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 fob-
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
stens from the desire to have personnel rapidly acquire the language
needed for their military work. Since "generdl 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 miiitary educational researchers that military literacy
trairing 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 basic military training, job technical school
training, and correspondence course materials may be modifiable suci: that
literacy skills and job skills training can be offered in an integrated
manner. The concept is based on firdings 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-hours (and hence cost) of training have been affected.

Because of the time, materials, and cost savings which may result
from the careful systems enginzering 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 woul” ,
necessarily require more time to complete training programs under this
system, the expectation is that overall trdining costs will drop, as
those capable of accelerated programs are permitted to move rapidly
through the streamlined programs.

Figure 1 presents a general plan for research and development to”
produce a comprehensive, integrated job skills and literacy skills car-
eer development 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 these subsystems are very loose — 1if
not totally absgent. Initial efforts toward a comprehensive career devel-
opmant 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.C

OF MILITARY JOBS |

1.1 DETERMINE READING DEMANDS

1.2 STUDY JOB SKILLS TRAINING
& GENERAL EDUCATION -
SYSTEMS

PHASE 2.0

Y

TRAINING SYSTEM

2.0 DESIGN & DEVELOP INTEGRATED J0B SKILLS & READING SKILLS

2.1 INTEGRATED BASIC MILITARY TNG/READING TRAINING

2.2 INTEGRATED JOB SKILLS/READING TRAINING

2.3 INTEGRATED ON-THE-JOB TRAINING/READING TRAINING

Fj'gure? . Geheré] Plan For Developing An Integrated
Job Skiiis & Reading -Skills Training System.
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The Phase 2.0 activities of Figure 1 call for the evolutionary devel-
opment of integrated job skills and literacy skills training programs for
the three major stages of military capeém development: entry into the
Service with basic military training; job technical school training; and
assigament to on-the—job training a2t 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 p

Michael Macdonald-Ross
The Open University, Institute of Educati_ona] Technology

In a2 modern industrial society such as. ours people often get the
information they need from documentary soutrces — pieces of paper or
computer files, People cannot always meet face to face, and there can
be quite a distance between an expert scurce and the user or client.

It makes sense for us to spend time and effort on the business of com~
munication. The task we face is simply this: how can we onganise com-
plex Ainformation for the benefit of the readen -? '

When we see one person talking to another, both participants empl

complex techniques so as. to make themselves understood. These techniq/es’

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 who cannot ask
questions. So, as one might expect, comnuiication bneahdo;nA are quite
commen, 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
advis. o to cut down any infected trees., But the Government circular for-
got to tel! tnem to burn the wcod! I do not know what the candidates
might be zor the wost costly communication breakdown in the history of
the luman race -- it is interesting to speculate — but I can tell you
that our little beetles are still spreading merrily through England de-
Stroving 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
ocecurs 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 ccmmunication 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 worknﬁalls’into two parts: that
which concerns *the research worker, and that which concetns the practica™
communicator -~ the editor, designer,‘author,éor whatever.
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The trouble with research is . . .

Researchers often talk as though they had a great deal of knowledge
which was goiug 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 conven-

ient for the researcher to put the word about, that research is very suc--
cessful and is leading to deéper understandipg and.a changed world. But,
wr is the actual reality? Just how much is known and what may we ex-

pec: of researchers? Let ug look into the matter together with the help
cf some examples from the field of graphic communication. e -

I'11 start with the research into typography. This is a well-estab=—
isted and apparently well-researched area; the key reviews are Pyke (1926),
aterson and Tinker (1940), Luckiesh and Moss (1942), Burt (1959), and
inker (1953). We reviewad this work i1 detail and‘ began to identify sya-
matic defects which we documented awna attempted to explain. In the first

ce, there are pany experiments whase relevance is quite obscure. For
=rlample, there are many tests for the relative legibility of characters
i nt. Lists of "letters of iow legibility" or "pairs of letters
21y to be counfused" abcund in the literature. But, no-one tells
us what we should do with such results and I suspect this is proper cautiom,
for it has long been known that occasicral confusion of individuai Jetters
15 not of prime importance in the reading process.

' tfuch more important are the omissions. There is a sense in which
legibility #research has hardly started — 30 many important topics have
veen tackled. There are differeat kinds of omission. Sometimes previous
research needs to be updated; for example, tests done on obsolete type-
faces need to be redone on new typefaces. “But a more important omission
by far occurs when researchers overlook ‘the advent of a completely new
problem. For example, program learning brought with it questions and an-
swers (prompts and responses); yet therc is no work on how to set such
items in relation to the rest of the text. Modern science textbooks rely
on a clese interdependence of text and diagram; yet, again, there is no
research to guide the decigner or the typographer. Errors of irrelevance
and errors of omission are, of céurse, connected. The sawme set that pra-
disposes researchers to choose problems that can be neatly handled in a
laboratory, also prevents thenm going outside their circle to see the prob-
iems that occur in practice. :

tany people have been and are still misled by the "classical experi-

mental paradigm'. TFor example, an experimenter wishes to test the effect

. of differant live lengths and controls for size of type, -interline spacing,
and so on. Results are obtained and recorded in all the textbooks. But,
a2ltogather unncticed, the researcher nas used justified lines; that is,
sipacing batween words varied so that the right~hand margin is kept aligned.
Now, this interacts with the length of line: the shorter the line, the
rmore the interword spaces vary; with lines five oy six words long, some of
the stacing effects can be quite bizarre. Very iikely, 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
- xredoing dozens of earlier experiments, we cannot really be sure how to
interpret all the eariier results.

We attribute such happenings not to the incompet2nce 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 dtatistical
techniques has improved the quality of research; i.l some cases it has
made it worse by putting a greater distance betwr:n the question the
research worker poses and .the answers he obtair .. '

_ 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 pecple conducting experiments into any particu-
lar problem area. If they misdirect their attention, many-years 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 universal  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 ergonomfies 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 ernpirical tests or "book learning'". Usually, researchers
dismiss such 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 : ALTERNATIVES

TESTS

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 discermment is not only respectable, but actu-
ally essential for progress to be made.

The next part of the model is the creation of altermative solutions.
These alterratives can be subjected to criticism and testing. The altein-
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 eusure 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. 1In our model,tests are not tests of individual
variables and they are not tests of universals. Instead, the reseanchen
tesls one coherent alternative against another. 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, 1976¢).

The experiments on pictorial charts by Vernon (1945, 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

i
value:

No all-round 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
conventlonal diagrams or 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 guaranteae
that their meaning would be understood. Such understanding

. necessitates a reasonable intelligence and special trairing
in how to interpret them. (Vernom, 1962.)

‘However, there is a perfectly simple altermative explanation for
Vernon's results, namely that the experiments were conducted with {ncompe-
tently designed graphic alternatives. A test of a well-set table against
a poor graph and a dreadful plctogram is invalid; one is Thot entitled to
draw 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. Neurath
has worked on pictorial charts for over haif a ¢entury, 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 .communication (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,
1f meaningful at all, say to us only that badly constructed material does
not 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 thorveghly uncritical itself.)

The passage of time has, alas, taught researchers very little and.
they continue daily to 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 from abstract theory, readability researchers do not
‘usually have high status in the profession of psychology and may well not
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" . - v ,
NUMBER OF MALES AGED 14-64 IN GREAT BRITAIN \
- TASLE 1 - ’ . v Thousands
) Whole- Industrial groups Rest of L'otal male
Mid- Armed time - Unem- male popula-
year (Forces ()| Civil ployed | popula- |tion aged
Defence | Group I.| Group II | Group !} tion (%) 14—&
® L0 N A ) . -t
1937 ... £77 80 2,600 4,688' 5,798 1,043 1,324 | 16,010
1941 .| 3271 324 3,140 4,264 4,116" 158 704 | 15,977 '
1942 ... | 3,785 304 3,285 4,154 3553 | 103 750 | 15,934
1943 .| 4284 | 253 | 3305 | 4060 | 3,093 76 876 | 15,921
1944 .| 4,502 225 3,210 4,059 2,900 Al 943 | 15.9i0
(') These figures, and also the total column, exclude prisoners and missing.
(?) Munitions industries, i.e., iron and steel. non-ferrous metals, shipbuilding, engineering,
aircraft and vehicles, instruments, chemicals, explasives, ete.

(*) Agriculture, mining, National and Local Government, transport, shipping (including
Merchant Navy), public utillties, food manufacture.

{‘) Building, textiles, clothing, distribution, professional services, etc.

%) Schoolboys, students, invalids (including war invalids), retired, ete.

. 13. Table I shows 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, Statistics
Relating Zo the Wan Effonrt).
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How men were employed during World War I
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Each figure stonds for 1 million men

Figure 4. Neurath's Chart Based on Same Data.
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get the credit they truly deserve.’ I do mnot say this simply because at
this conference there are some of the very workers who have contributed

to this field of research, 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, designers, illus-
trators, photographers, television producers . . . All,these 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. With so many
fingers in the pie, it follows (of course) that Amportant things are Lefz
undone and no-one zccepts redponsibility fon the success of the texis as
instuments of comaunication. In my opinion, the University works not
so wmuch because we are expert at distance teaching, hut because the stu-
dents are keen, intelligent, and hardworking. Jne cannot always rely on
such a response. ‘ '

I suggest such large organisations lack a crucial process -- {rans-
formation — and a person to carry thé process out — the Lansfomen.
He is the skilled professional communicator who mediates betweer. 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
general. For example, any reasonable query the reader might have should
be thought about and catered for in a proper manmer. 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-
texed ‘around in the most unlikely places. :

L would likelto 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 when 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 zhead 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 drtermine how you say it and, in return, 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 content of the message with the experts;
later, one works out the exact 60&m 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 effect the message has
on the reader. ' '

_ The transformer is overseer of the whole process of communication —
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 &f issues a read-
er might raise if he were present in person.

Vhat To Say

The transformer must be as closely involved with the content of the
message as he is later with its presentatior. He must understand the sub-
ject at hand so that his later judgements are {nfo/med judgements; but
there is more to it than that. The transformer will usually need to help
the expart 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 exparts are not always as expert
as they seem at first sight, and even published statistical data may be
vnreliable or misleading. Moreover, the expert's natural tendency is to
think of his subject, rather than to think of the reader. Yor reasons

- of this kind, the transformer should not accept an author's instructions

without cricical 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 until:-the
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 sefected for a purpose and has a sound Logical
sthucture. These two insights lead to the techniques which a transformer
can use in his discussions with the source.

F Purpose and Objectives. All human communication depends on
artful selaction, since one can never say all that is known. The simplest
basis for selection iz a clear statement of purpose. The dialogue between
expert and transformev 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 will a successful outcome
Zeok €ike ? what will the reader be able to do if he has interpreted the

51 o

52



h)

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

] Tasks and Errors. Sometimes the work on the objectives nust
be supported by the kind of professional study often found irn 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-
uvent 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 skiils and know-how necessary to meet the most de-
manding job standards. Such a study justifies the select%on of objectives
by connecting the medsage with the neadern's wonld. '

® Ofganising Principles. 1In education wa make less -use of the
notion of tasks and errors and more use of organising principles. All
subjects consist of facts, argunents, 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 practical; for instance, computers can
only carry cut those operations which can be exactly specified in a pre-
determined code. Sometimes (as in the social ard 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
mutually exclusive 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 0.47 of women)
have defective colour vision. It is a gact 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 kaown to be

true; but it ir not known to be untrue - it is in dispute. Therefore,
the .job of a trazr.)mer is to intercept opinions or interpretations mas-
querading as fact:. He must identify the status of any key statements

made by the expe,ct.

° Truth and Validity. Teople differ in their ability to deploy
arguxents in an appropriate manner. This is too big a2 subject to be fully
treated hare, but so important that it must be mentionad. Thz transformer's
dream is to see all arguments valid and all propositions as they claim to
»» (ktrue, 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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exenption from vehlcle excline
duty,

4 vehicle exzize duty.

all
duty.

and execption froo venicle exclse

of a means
test, to nelp
cover traveli-
ing coats to
and t'ron work.
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I you think you are ellgsible ani vant helps

You are not
eligidle tor
any outdsor
mobility assistance,

you should contact your uenaral lractltloner.

Figure 5.
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TRANSPORT FOR THE DISABLED

<z

Can you weia Y This chart doss nor
without ditficulty ? ap0ply to you,
Nota Note2
. Arsyouwasroe Y )
l service Sisabled § )
N
h .
e
t Canyou diive? Y
N
~ ) e \il
—
Could you drivef Y Dovyou havesevers Y
YOou were taught ? heamophihe? S
)
N N
—
Oo younead acar .
toloo” a'ter houseroid| Y You era cligibla
relatives ? for acar.
lNoloJ Note &
i .
N
o Youare sliowed
Do youownacar? Y €100/ysar. You nred
notpayroad tax.
Note§
N
v
You are elicible -
100 33-whasler,
Hote 5
r
B ——— G .
Areyou o [ Y Doyouownacar? Y _You need notpay
‘dissbied passenge’? Note 7 road tax,
J Nore 8 \
N N
\
) Apply to Department
You are nat ehgidle N Bovyouneed to travel Y of Employmentfor
for lravel assistance. by certowork? avelassistance.
J Noted * !

9 Hyouare paid and working move than 20
hours a week you may gethelp tawerds

7 The. rmusiberagistared in yous name
and suitable for your use 43 a passenger.

i the costof vrevelling. The Depanmant will
€31e33 your income and needs and decide 8  Youaresnuiled to exemption from roed

accordingly. You sl
patiodcally,

bereassessed 1ax 30 long es the vehicle is berng used by

you of for your purposes.

-Notes

The Act soys you are disabled (heve

dilficu'ty walking) it ;

® you have one leg amputatsd above or -
through the knea and the other
amputste above of below the knee

2 you hove sn orgesic defect which
prevedts you from watkingloe
oexamole a nerve, murche of bone
defect; oe 3 severs chronic heant o lung
ailment),

» youcan walh only alinla, and need 3
welticio 10 gat 10 wark o to run ydue
housahokd. [In ths category you wist
notgethelpil you use acarin tha
course of your work; and you wiltnot
be helped tn get to end lrom an
sducatione! sstablishment. Az, the
abencs orinadequacy of publc
Hansport will not be takeninto
account.} :

Dther kinds of disabibty erg judged o thew

ments by tha Dapantment of Employmant,
Foc example, a blind person meght recuive
the taxifare to and tiom work,

“You e sfigille fora car it -

® you a’e a rhyabled paientor guardian in
so0'a charge of young children under 14
tormost of the day

YOu are or-e of two relativas in 3 houss.
and the other person s blind o¢
disabled. This witl hald even «f tha other
person is too young or disabled to
drive.

you wilt els0 get free incurance foronc
driver, freeroad tax. and car
maintenance 3t £35p a torfirsttwo
years, £55 0 a. forneattwoycars and
£65p a.therzatter (new car) or £40p 3.
for hesttwo years, £65 p.a.therzahter
{reconditicned car)

the carmust be used only by ysu or for
Yout purpases

the carcan be coaventr<ito hand
contsol, and will eventrially be
replaced lree ol charge

you maycloose aniavald incycie
instead ol a car

You ae stillahigiblz evenil you L rrady
ha-e one of more cars. Theabove four
ponts still apply : and 1f you choose not
to have the exlra vehicle you mavsull
et the financiz) support for one car,

© your J-whaeler will be s tingle-seat

invalid tricycte

it will be drivan by petrot or electricity

it will be maintainad frve of charga

you will gat free third - party insurance

and lres road tax

* you must be over 16 to drive this
vehicla,

-
© the carmustburegistered and insuredin
your name

you must hold a full dniveng icance
your axemption from road tas only
applizs as long as thecaris used by you
or for your purpases,

i
;
]
!
!

Figure 6.
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" Bias. Most peuple .welcome a second opinion to help get the

a:r.ce of an article . right,” but thoroughgoing deliberate bias iz diffi-
cul: *o~ cure. The transformer may be resisted because the author, or
ceven !1e whole organisation, has a vested interest in maintaining the
J?ias. Companies may wish to hide defects in their products or in their
Iinances; government departments may not wish the public to know their
full rights under the law (see Figures 5 and 6); lecuurers nowadays do
often allow ftheir 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);
i1f he sides entirely with the reader, then maybe he canngt influence his
own organisation (no teeth -— Paper Tiger!). Thke transformer should
play for homesty and integrity: qualities which do tend to pay off in
the long run. . Otto Neurath used to say ''the transformer 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 tne ptesentalion of the message.
Since text can only use printed language and graphic devices to put over
the mecssage, to do this he needs skill as a writer and editor, and as a
typographer and graphic communicator. Of ccurse, he does not have to
write or draw everything himself! — but he must be skillful encugh to
ensure that the presentation enhances the message.

e Language. No transformer can hope to succeed unless he is a
ckilled 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
the -job 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 text, and books which show how to write
clear English can’ be consulted.

e Links. New or difficul: idcas can be grasped by the reader,
but only if one mzkes 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 £{nked to things the reader already
understands. In this way,; good wri:ing 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 san: time, the transformer must not de-
basa the original notion by sloppy :thinking or unclear expression. Expla-
nations can and should 'e checked witl. the expert, and reference books
consulted.
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e Typography and Graphics. .To attract and keep interest and to
ensure legibility are the classic aims of the designer and the typographer.
These aims are still important, but the transformer must have a much broad-
er vision than 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 hia to find his way about; good graphic design al-
lows ome to : v in words and illustrations what could not be said in either

form alone.
[ ]

© Ac 7. If one wants the reader to do something after reading
the text, t +ese points are crucial. We assume that .hat the reader
should &. i i-zady decided (by task analysis or whatever) ;" now we want
to knco f 7 =t enables him to perform. The three key questions are
- wil dv stand what we are asking him to do? Can he actually do it?
{is it t1ly and psychologically possibBle?). Will he know when he has

completed .iwe task successfully? The simple Highway Code rule "RED means
5Lop" meets all three criteria simultaneously in' three words. but, what
about "at 70 mph shortest stopping distance is 70 ft thinking distance +
245 ft brakiung distance = overall stopping distance 315 ft"? This is use-
less information. In the first place, the accuracy is spurious, as ‘“he
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 tke road? The
answer is, they can't and they don't! Good drivers may learn to judge
stopoing distance reasonably well, but no thankg to the Highway Code for
that.

° 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 statfus of the message is. Are we giving them main or
subsidiary information? Are we asking a question or giving an instruction?
The form of the message must show its status and function. Texts are full
vf 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 are strongly directive
(objectives, instructions); 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 togather. 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 he needs.

D H
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® Feedback. Since we cannot be there to answer questions, the
reader may often wonder whether he has understood us properly. So we
must allow him to check his understanding by giving him feedback. We
nust tell him how to recognise when he has executed an instruction or
.enswered 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, or whatever). 7Tt is worth mentioning that feedback can be
quite subtle; for example, repeating the same idea in different form
czives the reader a second map-bearing which checks his first interpre-
tation — "Of making many books there is no end; and mugh study is
weariness of the flesh" (Ecclesiastes 12, v 12). :

@ Testirg. The transformer cannoif get everything right; he is
lucky to get things half-right at first. Yet the final version may need
to be very good indeed, if it is to succeed. Yow do we face this prob-
lem? We say, there is a time for guessing.and a fime o Lesting. The
testing should 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 spet on it is important 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 with the expert source; -
nov 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, photoeg-
rdphers, compositors, 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
subsequént 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-styls applied unintelligently or the diagram which
has lost its meaning because the illustrator did not understand it!

Often a free-hand sketch by someone whe understands works better than that
same sketch redrawn "professionally" by an illustrator. Underground
papers use modern print methods to bilng the communicatorn closen to the
neader.. We should think long and hard about such ideas:
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e Evaluation. '"Discovering the effects" is the last part of the
transforming cycle. This medns going out into the field and looking at
all the consequences of 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 fileld. The "information
gained can be used for subsequent editioms, 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 communi-
cation and the prospects of similar publications in the future; we do
suggest that there should always be such an item in the budget.

® Recurrent Problems. As time goes on, the transformer will
notice certain problems coming up time after time. Sometimes they cannot
be sclved simply or intuitively; they need detailed work in depth for a
leng time. This is the job of the basic researcher. The relationship
between these two colleagues is often uneasy, with th: transformer want-

inp solutions yesterday and the ' searcher limited by what it is possadldole
to do, given present knowledge .. resources. A similur case is the rela-
tion between general practition. : and medical resaarchers. 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.

e
p
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PART I1I

REPORTS ON READING AND READABILITY
RESEARCH AND DEVELOPMENT IN THE ARMED SERVICES
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The views expressed in these papers are those
of the authors and do not necessarily reflect
the views of their respective military services.
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HISTORICAL PERSPECTIVE
ON RESEARCH AND DEVELOPMENT ON LITERACY AND
TECHNICAL WRITING IN THE ARMED SERVICES .
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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 training
in 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 sxtensive 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 literacV“research and
developrent, 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 nateri-
als. His historical review points up the fact that research has lagged
far behind development in reading and readability R&D in *he armed
services.

The history of literacy research and development “n the Air Force
of necessity begins later than that of the other serv :s, In present-
ing that history, Ron Burkett reminds us tnat the problem has always
been a.two-sided one of both readability of the materials and reading
ability of the personnel. Fe discusses both sides of this problen,

Or the one side, he presents the efforts to determine the readability
of Alr Force publications, both job and’ training materials, and the
attempts to make those materials more readable. On thc sther side, he
~ooks at studies which attempt to determine the reading abilities of
Alr Force personnel and those which document the match or mismatch be-
tween the reading =bility of personnel and the readability of the mate-
rials. The documernted mismatch, or literacy gap, in 10 prublem career
fields 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 seiective standards; evaluation studies of the literacy training
programs, which attempted to close the literacy gap by raising the read-
ing abilities of the personnel; and developmental efforts tc produce the
job performance aids, which attempt to lower the reading difficulty and
increase the useability of job materials.
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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 so ruch a record of what has happened as a
record of what we remember, and amy 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 birief part dealing with all of Navy history 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, bLut 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. 1In the history of Navy: training, this description empha-
sizes trainirg for enlisted men who are in their first tour of duty.

A. Literacy Training Before.]943

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 manpower 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 that 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 orders and knowledge of nautical terminology were relevant objectives
in tvansforming "londsmer" into seamen. Most of this training was accom-
plished on the job following the apprentice, journeyman, master craftsman
model. It rasquired listening but not reading skills, and it continued
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throughout a sailor's carcer. 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
reforn movements of the 1700s and the assigrment of teen-age bovs to the
flaet. ’

1. Religious Reform , a i

In the late seventeenth century and during much ¢f the eighteenth
century, a major transformation in Western civilizaticn took place under
the auspices of -the Enlightenment. Leaders of this movement placed great
faith in human reason hacked by the findings of 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 reiijious manifestations of this movement. Protestantism
particularly fostrced an enlightened self-interest on the part of its fol-
lowvers by emphusi_ing 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 moverant, 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 pocrly 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 wer: 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 pericds; perform all funeral
ceremcnies over such persons as may die in the service, in the
vessel to which he belongs; or, if directed by the comranding
officer, over any person that may die in any other public vessal.

2. He shall perform the duty of a school-master; znd 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
the Navy as evidenced by the law of March 1799 assigning them three-
twentieths of prize money, which was approximately the amount assigned
Lo 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 Nawvy (Drury, 1949). There was, of
course, little systematic method in this instruction, and its success
most probably keyed on the moral rather than coguitive well~beii 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 Somets, 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). 1In 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 rumerous
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 evol-ed the prototype for to-
day's recruit training. :
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Recruit training was essentially motivated by a need for standard-
ization in training landsmen 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. Reeruwlt's Handy Book and McLean's Bluejackets' Manual 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
Recrult's Handy Book and issued a copy to each.: Fullam also published in
1902 the Rty 0 {4icern's Daill Book. :

The appearance of these handbooks signaled the fact fhat oral in-
Struction was no loager sufficient for an enlarged Navy (cf., Har: -4, 1973).
Presumably, thisz 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 operationm, maintenance, and
repair. fHowever, there appears to be little record of the nature, prep-
aration, and supply of this technical 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. . , ' e

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. Although 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 :.:1d 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 egppear in Navy billets . .rough-
out the entire period (Special Training Program, 1951). Other than the
rehabilitation program at Portsmouth Prison, nu official ‘efforts were made
to help these men achieve literacy. There was, and is, considerahle 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 agre::d to accept its fair share of illiterates under

Selective Service.
606
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B. Literacy Training in 1942 and After

1. The Special Training Program

Although prior to June 1943, there was no official recognition of the
fact 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 Navv. TImmediately after Tearl Harbor, recruiting ‘stations
were released from the obligation % administer the General Classification
Test (GCT) to applicants and since ti:ls regulation remained in abeyance
wicil the start of 1945, many illiterates found their way into the Navy
through traditional recruiting channels (Special Training® Program, 1951).
In August 1945, the Director of Training indicated in the following summary
some of the problems the Navy and illiterates experienced with eaclr other.

(1) At times the period allowed for recruit training was
contracted by the demands of the service to four or five weeks.
U r these circumstances, the trainee was obliged *o acquire

rge part-of his instruction through reading. - It was found
tu.t it took approximately four times as léng 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 records was a virtual impossibility

where men could not fill out iniormation 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 warhings and study safety instructions. e

(5) A social barrier of serious implications was found to
exist between literate and illjiterate persqpnel.

(6) The administrative dualism resulting from putting lit- k
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 mumber. |

(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 instructions.
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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 of reading and writing
helped to overcome a feeling of inferiority and tended to
¢ 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 alcept responsi-
bility for setting up a special literacy program long after the need for
such a program became obvious. However, as the situation gradually 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
Trzining 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 destrover and dmastroyer escort
training programs, pefﬁission was requested to transfer these personael to
the Naval Training Section at Bainbridge, Maryland, for further instruction.
Evidently, the permission was granted withcut due consideration of the
practiczal 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 iad previously been granted to Norfolk. However, as
a result of these events, the need for special literacy training was brought
to comnmand 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 Wnrld War II literaey training programs by Fattu, Mech,
and Standlee (1953) shows, the foundation for solviu: this prolilem had
been laid much earlier by the work of the Civilian Conservatioa Corps (CCC).

The CCC was established in March 1933 primarily as a mears for provid-
ing productive employment for young men during the depressionm. Although
it was administered by the Army throughout its nine-year existence, much
use was made of professional educators in developing and guiding the edu-
cational phases of the program. The CCC educaticn 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 s‘x percent of
CCC enrollees who were functionally illiterate in the camp life situation
(Couch, 1944). Nevertheless, the literacy training progra; Jdid exist as
an identifiable entity and it served as a foundation for the cevelopment
of similar programs, first by the Army in 1941 and later by th. Navy in
1944 (Fattu et al., 1953). "
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The Ay pro  am was discussed by Heath (1946), who pointed out that
thera were.three distinct grdups of illiterates targeted by the Army pro-
grom: English-speaking illiterates, non-Eanglish speaking’ literates, and
Oriental literates. Trairing was tailored to the special needs of each
of these groups. The teaching program for the English-speaking illiter-
ates passed through f: o distinct phases. These phases were sequenced
and a student had to mu.ier each phase before proceeding to more advanced
cnes. leath 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
conscnants. Phonemes such as /S/, /&/, /3, G;Y, /6%, and I3
wWare not taught. ‘ ‘

2. Monesyllables and Vowels. Nonsense syllables such as ter,
ker, and nub were initially taught in this phase in an effort
to train students in the relationship betwaen orthography and
cound. -

3. Tatroduction of Polysyllables. Students were taught o
analyze polysyllabies into monosyllables.

4, Sentence Structure and Word Recognition from Context.
Further instruction in word attack was presented and instruc-—
tiop in construciing sentences and learning (recognizing)
wirdy from conter: was added in this phase.

5. Composition and Expression. Students . ri taught to read
and prepare military messages "and person:’ lei..ors in this
paase.  They were also tought the use of such b iec resources
as dictionaries and telephone directoric...

Discussion of the Army's literacy program is relevant because when the Navy
finally fazed the need to produce a literacy training program, it turned

in September 1943 to the Army for guidance, and the workbook material
developed for the Havy was based on the five phases discussed above.

On 22 December 1943, the imminent appearauce of a special literacy
progran for recruits was announced by the Navy. 'On 23 December 1943, the
Haval Training Section at Great Lakes, Illinois, was directed to prepare
for the arcival on 3 January 1944 of an initial draft of 420 White illit-
crates.  In March 1944, two Navy programs for literacy were established:
ouc: at Camp Peary, Virginia, for Whites, and one at Great lLakes for Blacks.
Plans for the Camp Peary program called for a weekly input of up to 500
trainees with a total capacity of 6,000. 1In fact, the total enrollment
At Camp Poary quickly grew to 10,000 in April 1944 (Specigl Training Pro-
gram, 1951). MNotably, hoth these programs were set up as an integral part
of recrult training; no progroms were established for illiterates who were
Already in the Navy. At no time did the Bureau of Paersonnel formally
accept responsibility for training illiterates who were above the recruit
level, although informal support was glven to Commanders who wished to aid
Iliditerates under their command with the discemination of literacy train-
ing wmaterialy 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
writing 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 1545, a considerably expanded and improved program had evolved.
Four basic assumptions not previously annunciated dete:mined the form of
the Special Training Program, as it came to be called. First, it was a
training program for adults. Although unable to read and write, the
trainees came to the Navy having command of a well-established oral vocab-—
ulary, tegether with a fund of experience that put them bevond the appeal

~of grade school readers. Second, the trainees were the prpducts of .a wide

variety of environments, so that the only interests they could be expeéted
to have in common would grow out of their life in the service. Third, the
limitactions on time allowed for acquiring literacy made it mandatory that
the program be rigidly functiomal 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 wi~n to read, write,
and figure sufficiently well to perform all essential Navy duties. Thus,
it was expected that gradvates of the course would be able to read watch
ilsts and safety precautions, and would be able to fill in beneficiary
slips and small store chits. On the other hand, thtce 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 inexparienced in the type cof teaching expected of
them. They cculd be expected to rely unduly on lecture and blackboard
methods and :o 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
wvere called the Camp L.ife series, the Army materials were called the Ammy
L.fe series, so naturally the workbooks, basic readers, supplementary read-
ers, ®ests, and teacher's manual developed for the Navy were called the
Nauy Liéa series. ’rivate Pete was replaced by Seaman Sam.

Developmant of the program materials was described by Ross:

in writing this program, some radical departures from the

conventional were taken, bocause the situation and the nature
of the students and instructors 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, thevefore, the first book is not a 'reader', but a work-
book-type text which forces the instructor down from the platform
among the studénts. The first of the readers is not introd-ced
until considerable reading ability is developed through chart,
blackboard, and workbook reading experiences. When it is intro-
duced, no new skills or words are required for some time, and

v 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, cemic 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 cort:.stone of this program was not the basal rezders,
which was rrobably the case in civilian initial reading instruction, but
the program’s two workbooks functionally entitled Navy Li%e Book I and
Navy !ife Book I1. Both books were constructed on'a basic vocabulary
that derived first 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 exteant as possible, from naval terminology. Fans of
Leonard Bloomfield will be interested in Figure 1, which is the first
"story" that occurs 1u Navy L4ife Book I. The emphasis on the single
spelling pattern "at" embedded in hat, mat, and sat will seem very famil-
lar to those acclimated to Bloomfield's '"Nan can fan Dar' (cf. Bloomfield
& 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 alsoAused. It was assumed that

by teaching reading and writing simultaneously, growing proficiency in
either would increase proficiency in the other. The material in Navy Lide
Book 1, which contained 400 illustrations, took as its common denominator
barracks life, which all trainees might be expected to have in common.

in the second volume, the emphasis was gradually shifted from phonetic

el 'ents to syllables and from illustrations to context as a means of fur-
ni .ing clues to word meaning. The rigid control over the material that
characterized Navy Life 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 rcading outside the classroom. Navy Life Book 11
was also prepared with 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, navul customs, gung, ship types, seamanship, naval terminology,
and personal hygiene. ‘

As It evolved, the curriculum was dewveloped on a flexible scale, -
operating between the limits of twelve and twenty weeks. 1In other words,
trainees received periodi: .ests starting with the eleventh week, and could
be graduated any time thercafter 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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cad this story.

The sailor sat on the hat. .

Figure 1. The first story in the Navy Life workbook series."
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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.

‘ 2. The Literacy Test (LIT) — a direct measirz ¢f reading achieve-~
ment consisting of 44 items divided into three subiczzts: word recognition,
sentence reading, and paragraph interpretatior.

3. The Non-Verbal Classification Test (NVCT) — a reflection of
he. GCT administered in non-verbal terms through the use of pictures and
e2ometric forms. The NVCT consisted of 75 items divided fnto five sub-
ests: picture analogies, figure analogies, picture classification (oppo-
ites), figure classification (opposites), and matrics (comparable to
laven's matrics), .

09 rt

<0

.

According to Hodges (1Y64), the following screening procedure was

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.

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

3. Men scoring higher than 34 on the NVCT were considered train-
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.)

b Men scoring helow 34 on the NVCT were sent to a ps,chiatric
unit for closer examination; they were suspected of being both
illiterate and untrainable. (NB — The LIT and NVCT scores of

40 and 34 vere 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 scure). '

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 designed to be functional and tested 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_?rogram. This study was administered and docu-
‘mented by Hagen and ThHorndike (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-~
dict 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 were
identified:

i. 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 a§ 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-
eTate, 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.

Hagen and Thorndike described the average member of their illiterate
group 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
1lliterate and control groups as follows:

1. The illiterates were much more likely than were the control
cases to ke assigned to construction battalious, and were less
likely to be ussigned to U.S. pérmanent party or to auxiliarv ships.
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2. The illiterates tended to receive a lower average pro-

ficiency in rate. Only 507 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 the
illiterate group, 23% had records of some type of disciplinary
action, as compared with 11% of the control group. Generzl
courts martial were ten times as frequent in the illiterate

group. : .
5. e 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
2 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 pcsition, usu-
ally nearer the illiterate group than the control group. The only excep-
ticn to this is the case of disciplinary actions; the marginal group were
more often in trouble and their offenses were more serious.

The Hagen and Thorndike study is intersting, but it ie csaen o Lly e
study of personnel at different mental levels. It does not L.su oauen to
say about the effectiveness of litervacy training. It does. howe . v, tell

something about the success of illiterates in the Navy. ‘'n geuar.i, it
Seems reasonable to conclude with the authors that many : . :osi v the
illiterates appeared 'to make an acceptable adjustment to “ii RERS

After the war, screening of iliiterates with the GC"', LIT, :-« NVCT
continued, but the Special Training Program was discontin:d in e course

of general demobilization. Ginzberg and Bray (1953) estiiy . 21 .hat 35,000
meén were assigned to the Navy's Special Training Program 1. . e course of
its history. -
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2. Recruit Preparatory Training

In 1950, with the influx of volunteers during the Korean War, :=om-
mands were once more authorized and encouraged to identify and train any
illiterates who might be aboard. By the spring of 1951, literacy rraining
was being ccnducted informally in after-hours programs at the Three recruit
training centers (Bainbridge, Maryland; Great Lakes, I1linois; and San
Diego, Califormia). By September 1951, literacy training was ﬂianned on
a full—time basis under the new title Recruit Preparatory Train’ng (RPT)
(Standlee, 1954). Officially, the main objective of the progixu was ‘'to
teach selected recruits to read and understand instructious .l to pre-—
para them to absorb military training. Recruits should at®ain a lrvel of
proficiency in reading which is comparable to completlon of &ie fourth
grade" (Curriculum for Recruit Preparatory Training, 1953, ». 5). Further,
an accepting classroom atmosphere was to be created as indi..ted by the
following guidance provided by the Bureau of Personnel.

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

2. show the recruit that his low reading achievement is
2 handicap which rwust be overcome in reaching his ;osi —
becoming a useful sailor.

3. (reate a permissive classroom atmosphere and start herc
the learner is. The individual recrvit is the one v v nz. ‘o
learn. The most the instructor can do is guide and help .o
The dinstructor should guard against a highly directive, sub
ject-matrer-centered arproach which is on a level that nevev
reaches some recrults.

&, Integration of military subjects with reading, writing,
and arithmetic. Some examples of how this can be done ::z¢ -
Jisted talaw:

a, The instructor includes some topics vul=wu:d to
service in the Navy at appropriate times i. Yis read-
ing, writing, and arithmetic classes. Thi: procedure
will probably be more cffective during the latter part
uf RPT.

b. Use of visits to ships or parts of the training
center. Trainees can write zpout what tley see, read
accounts to eaci: other, learn naval t=rwuc, etc.

C. Learrn to read safety sigrs found on the center or
aboard ship.

d. Preparation of RPT news sheet and use ~.f local
newspapers and .nnouncements of recviyeation.
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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 Bluejackets' Manual, libraries on the center and
aboard ship, and courses available through USAFI.

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

- The curriculum materials were, virh minor updating, composed of the
Navy Life series prepared for the Wurld Wor IT Special Tradning Program,
although use of other supplementary wanetials was encouraged (Standlee,
Fattu, & Auble, 1954a). The selection prccedure for RPT was the follow=-
ing, as descuibed 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, Men scoring less than 38 on the NVCT and on the LIT were .
suspected to be untrainable and were sent to a neuvropsychiatric
unit for further examination. From the neuropsychiatric unit,

men were sent to special training, regular recruit training (on
a trial bhasis), or discharged.

- Referrals could also be made to the Special Training Program by Compaony
Commanders in regular recruit training. The NRAE, with a new form added,
was restored as an end-of-course civiterion. The 5.0 grade level was still
the course objective. Students were given 7-9 weeks to complete the course.
An observer who wvas’ 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
“hree 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 graduates to regular recruit-training. For the
purposes of his study, mental health consideraztions were set aside in
favor of adjustment that emphasized, firsat, adequacy of performance of
recruit duties, and, second, attitudinal and motivational factors in re-
Tationship 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
cecruit training (Group I), and one at a later stage of recruit training

(Group III). Within each of these groups, four sub-groups,were identi-
fied.

1. RPT Graduates: Group I - N = 30
‘ - ~Group II - N = 21
2. 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 IT - 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 Commanders separately on the 14 scales reflecting
adequecy of performance in recruit training.

In general, membters of the RPT sub-group resembled the members of the
high GCT sub-grop 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 .and
response to orders.

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

1. The high GUI sub-group was significantly superior to the
other three sub-groups on quickness to learm, 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.

: L]

Iu general, 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

Marginal recruits with a GCT of 35 or lower,
an NVCT of 38 or higher, and a LIT of 38 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 veriod. 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 require 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 generallv showed
less promise for future advancement and profitable service to the Navy.
The two lower groups, however, indicated more intention to reenlist than
the "typical" group.

ngggll, 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 zeneral 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 Bluejackets' Manual
(l4th edition), This {is Your Navy, ALL Hands, and the Naval Thaining Bul-
*{2lin; and Fattu and Standlee (1954) applied two Flesch readability form=-
ulas to the following publications: Blie jackets' Manual, Stewardsman
(Manuzl), Fireman (M~nual), Szeward and Cook (Manual), Commissaryman
(Manual), This Is Your Navy, ALL Hands, and Naval Thaining Bulletin.

Tt seems unlikely that these investigations represent the first attempts
to systematically judge the quality of technical writing Jn 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.
showad that even experienced writers and teachers use too many rare words
and exclude too many common words when relying on their experience and
comnon 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 nintk--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
fdavy (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 Precent

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 ag marginal by their scores on the Arred
Forces Qualification Test (AFQT). Generally, these volunteers and draft—
ees ranked in the 10th-30th percentile range on the AFQT (Preject 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 civilian 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 pProgram was 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 personmnel will be imnecessary 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
employment opportunity and/or because of (anticipated) improvements in the
rational economy,

A student may currently be tcalected 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 ife 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 *
nev program that is projected for implementation in ART. The course of
instruction may last a maximum of 8 weeks and is broken intd two phases:
a diagnostic phase and a therapeutic phase. The diagnostic phase pro-
vides for initial assi_.. =ut of the student to one of three courses:

1. Course Mike — A phonics course emphasizing word
attarch gkills.

2. Course Oscar — A reading course beginning at the
3.0 grade level.

3. Course Victor — A reading course beginning at the
4.0 grade level.

The therapeutic phase consists of two mutually reinforecing areas: word
attack and reading abilities. The word attack area concerns phonics,
“vocabulary development, and word knowledge (root words, inflections, pre-
fixes, synonvms, 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,
4 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 Researcl
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 comm=2nds to the fleet. The nature and
location of programs devised to meet the litv racy gap would represent
very new directions in the history of literacy training in the Navy.
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C. Final Comment

Frem the preceding survey 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 a‘need for proficient  job performance and by an interest in
the general welfare of Navy personnel. 1In 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 tao identify levels

£ literacy and to tailor instruction to the level required of a
trainee. The idea of functional literacy as a consifleration 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
oeen 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]

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

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

-

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

6. Actilve Participation.  Most military training attempts to
involve as much "“hands-on" experience as possible and this approach
appears in Navy literacy training particularly with the emphasis

on the Navy L.ife workﬁboks. '

On the other hand, ‘the Navy's interzsi in literacy has been largely
intermittent. From the evangelical cziacesn = the Chaplains to the cur-
rent interest in ART, lack of literacr s:ills on the part of Navy person-
nel has always been given full opportunity tc handicap the Navy's opera-
tional effectiveness before anything is done about it. Programs that cre
devised in response to literacy problems usually prove to be relatively
sophisticated, as the Special Training Program and RPT curriculums demon-
Strate, but thezse programs seem to appear only in response to wars or
other national emergencies. The outlook for the current ART program can-~
not be very bright. ART is remarkable for continuing as "loag 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 suddeniy become more severe, manpower
supoly, for whatever reason, becomes more constrained, or the national
priorities for equal empioyment opportunities are sustained.
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The primary hope for continued interest in Jiteracy training seems

to rest on *he concept of functional literacy in which the concern is
not so 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 firiding 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 comprehensi®ility and use=~ -
ability of graphic and pictorial information will be irntegrated wit. more
ccnventional literacy considerations. These are fairly'ncvel directives
Tor literacy training in the Navy, but they are also timely. It is dif-

icult to come away from an historical survey of -literacy training with-
out an appreciation for .the continuing increases in the amount ot infor-
siation that must be available for successfui‘performance of Navy jobs.
Cilassically exponential, these increases were at first gradual, but are
0w 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 contirujug support from all the
militory saurvices. '
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COMMENTS ON THE PAFER BY FLETCHER

Rotert Glaser
University of Fittsburgh

Glaser based his remarks on Fletcher's paper and on discussions hLz1ld

. at the Conference up to that time. His major point was that in both civil-
i2n and military settings, there seems to be a shift from speaking about
general literacy and gemeral intelligerce toward the consideration of
specific kinds of literacy and specific intelligences. He identified
functional job Literacy as one type of alternative to the concept of

. general Literacy. With funcitional 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 commectivity 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 general Literacy, 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 nore certain skills are required to get through the
training program; this certain set of skills then becomes rarefied in what
ve call "general literacy". If we want to maximize the number of people
getting through training, we have to analyze the basic componeénts and pro-
cessess making up general literacy and general intelligence and train these
as specific skills. As one way to train genmeral literacy, Glaser suggested
first trair.ing people in functional literacy; this might then provide the .
motivation to improve their general literacy. He also recalled the need
to think about other ways of learning by non-literacy skills, and canrtioned
about "over-literacizing" a job; that is, making the job more "prestigefull”
by an unnecessary proliferation of complicated printed materials.
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A HISTORICAL PERSPECTIVE OF ARMY R&D 'Y READING
AND TECHNICAL WRITING

Jack H. Hiller
U.S. Army Research Institute

srmy use of technical writing for training and operations has been
and continues to be extensive. The Army has trained at least a half mil-
lion illiterates since 1942 to help them to read this literature and to
2nhance their adjustment to Army life. Yet, research on reading and
technical writing was sparse.. ‘I 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. C

Reading Training

There were two major literacy (reading, writing, and arithmetic)
programs 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 experiaental, while the TFort
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. 1In contrast, the reading goals and materials of the Fort
Wood project were academically oriented.
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3. Tnstructional Methods and Media. The STUs were provided with num-
erous training aids, such as film strips, flash cards, posters, aad
charts, as well as supplementary periodicals. The core of training was
a specially prepared basic text and workbock that was graduated for dif-
ficulty. All materlals were Army relevant. The Fort Wood project used
coumercially prepared materials.

4, .. Selaction and Training of TInstructors. 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
irom the lowest category of learning ability. Screening was accomplished
by a series of tests. Individuals who passed a speclally 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 Lo estimate learning potential. Low scorers on the non-language
ability tests were discharged.

Selection at Tort 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 accerding 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 tést, 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. (raduation 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
periormance. Evaluation of the STU therefore, must rely on criteria

86



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
adéition, 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 bhasic military proficiency. ‘hese military tests
wers 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, aad the criterion level of fourth grade may well have been
too low to have impact.

Summary

Army R&D on: reading training up to 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, whatr little research
was conducted cannot be regarded as in any way conclusive. Specific
reading neceds 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, which might be too low.

In the largest training program, that of the STU, formal data concerning
the effects of literacy training oa 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 enginesering 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.

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

) Comparative evaluation of the effectivene~s >f mate-
rials produced by writers having differer - veining
or using different job aids.

1. Job Analysis. I have not found any evidence of sv::. matic research
to determine the job fun~tions and tasks performed by inrciviinals who
were assigned technical writing responsibilities. Apparen~i., as Kichsard
Kern found by interviews conducted in the.early seventics (reported in
this volume), technical writing assignments were made. ou ‘h: hasis of job
ProXimity, wi.k subject matter familiarity presumed to przovide the neces-
sary and sufficient expertise. Given this presumption, it folliows that
research into job requirements would not have been pursued,

2. Skill and Knowledge Requirements. Although empirical research aimed
at determining tasks pe-formed by technical writers seems not to have been
conducted, it is clear that the communicability of Army writing was widely
recognized to be a problem. Neverthelz=ss, specific skill and knowladge
requirements were not researched.

3.  VWriting Guidelines and Acceptability Criteris. To alleviats problems
caused by needlessly difficult writing styles, various writing guides were
compiled; for example, Klein (1946), Stephenson {3®50), Milton (1953),
Hoehn (1960), aznd Rogers and Thorne (1965). Klein presented a guide for
writing military correspondence, o.d..rs, reperts, wmanualse, and news corv.
He stressed that clarity and conc.-«ness were primary virtues. To hels
writers achieve clarity, he showzu examples «f writing with specific
faults and corrected versions. 1i¢. .%:io ideni :fied confusing military
jargon, and provided brief rules of grammar and some suggestions for
writing manuals.

Milton prescribed the use of topic sentences, transitiona’ techniques,
"concrete" words, active verbs, and familiar vocabulary; and the avoidan.e
of passive verbs, parenthetical expressions, and other complex sentence
forms. He also advocated the Flesch notions cu using short sentences with
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ersonal pronouns. Stepheuson reported that the Infaotry School at
ort Benning had adopced « Flesch (1948) readability formula to rewrite
its infantry manuals.

- g

Hoelin described certain logical criteria for deciding when infor-~
mation should be conveyed by a handbook instezd of by training:

a. Ease of Communication. Consider using a handbook :f -t
is easy to show how 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 favr: 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.

G. Accuracy or Safety Requirements. ''In situations in which
the safety of the repalrman or the effectiveness and saiety
of the equipment allows for no errors In perfecrmance, re-
sponses should be supported by handbook co, tent as well as
training." (page 6).

Hoehn also described certain logical criteria for prducing or select-
ing handbooks: (a) All of the steps required to perfora a given task
should be covered, (k) the handbook should be easy to use, (¢) the hand-
book should be cost-effective by either improving job p/rformance or re-
ducing training costs. :

Included in Hoehn's report was an exemplar ror hLendbuci deasign o
the area of electronics troubleshooting. However, one is incl .ned to
wonder if an "average" Army writer could readily understand and apply
this exemplar. Likewise, could even psychologically senhistivated writ-
ers use Hoehn's logical criteria; for example, could t .y acc.rat..y pre-
dict the comnunicability and learning difficulty of propesed handbook
content, 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. s the deci-
sion on what to include in a troubleshooting :wmanual, aud on ho : {w-organ-
ize and present its contents. Based on their theoretica;>aualysis, an
experimental manual was prepared. An experimental test was conducied by
having one group of technicians use the eXperimental manual to locz.e
malfunctions in comparison to a group of technicians who us.d st=idard
materials, including their personal notes. The technicians swn:r the
experimental manual performed "substantially" faster and nore effectively.
Based on this research, a guide for pubiication agencies to use when pPre-
Paring similar manuals was written (Rogers & Harris, 1964), but I have
not found evidence that it was field tested, '

Across the years, it is possible to see a trend from untested, logical
prescriptions on how to write effectively (Klein, 1946) to empiri: n1 test-
ing of hypotheses on how to present information (e.g., Rogers & T..orne,

1965).
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#.  Evaluatioa of Training Materials and Job Aids for Technical
Writ.rs. T L-ve not uncovered any instances where the utility of writ-
irg irsrruction or writer's manuals was empirically evaluated. At the
vaery least, tue actual or attempted useage of skills developed in train-
ing should te measured, as well as the useage of manuals on the job. If
a writer's manual is never taken cff the shelf, then research to design

-
& better nne might be sean as futile. When a manual is fooked at, it

w2y otfer daceptively simple advice, such as "write short sentences using
familiar vocabulary, action verbs, personal pronouns. and few prepositions',
wilen is (ifficult for a wviter to effect without further guidance or

trainiag, Furthermore, there is no solid evidence that writers who con-
fomm to prescribed rules dctually produce more effective writing.

3. Comparative Evaluation of Alternative Training or Job Aids. It would
Seéem 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
evaluvation for singular products. However, it seems appropriate to empha-
size that the ultimate otbjective for research on technical writing is to
improve the readability and useability of technical documentation. Ideally,
the products of writers who use a given experimental writer's manual would
be <ompared 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 expersive (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
pauciry of research. One might speculate on the reasons. On the one
hand, research to improve communication has faced the spectre of theoret-
ical and empirical ignorence about how communication skills are learmed
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 ON 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 tha' we 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
cencerns 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 vroviding 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 Chall 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. Tor 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
wondervd why it was considered possible that one could take somebody who
goes Lo schcol for eight to twelve years and does not learn to read, and
put that person through a 12- (or so) week program ai:l 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 comparisuns be made of
adult illiterates in the military with civilian illiteratz< and with chil-
dren who are learning to read at different ages. From such comparisons,
nilitary researchers might gain useful information about the asp-cts of
iearning to read that are universal to all and about those specific to
adults, and further, to adults in the military. Where theie is commonality,
much can be learned from the extensive research that already exists, bnsed
on children. '

The fifth and final point made by Chall was that there needs to be
matzrials 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 desigred 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
Ailr 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 matverials.

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 are in order. Simply stated, both lit-
eracy and technical writing problems arise from a situation where there
ic 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 that information for the purpose of training or job performance.
The Air Force has always had some numbers of lover or limited ability
personnel and has also experienced an ever 1increasing 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
technigquas and approaches toward that goal have been developed and employed
with varying success. The important consideration here is that .the prob-
lem nhas never been found to be the fault of the men or the materials alome.
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 cver the years, an emphasis which continues today in the current
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progran of the Air Force Human Resources Laboratory. The work accomp-
lished thrgughout 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 materials, literacy skills and literacy training, determining
reading requirements, and measuring textual comprehemnsibility. While the
R&D erfforts 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 with the research relating to lower ability airmen that was contin-
ued by subsequent crganizations through the middle sixties. Then, the
iistory 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 on literacy and readability will be
mentioned to complete the historical perspective of R&D accomplishied 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 areac. While it is recognized that much of the

Alr Force R&D on literacy and technical writing has been acconmplished 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 znd 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 campaign for use of "plain talk' and
simplification of materials in accordance with Flesch's 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 found  sub-
stantial gairs 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 *ran-
sient impact on the problenm 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
founé 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 trai-ving materials, they did indicate that instead
of writing to a 22th- or nigher grade level, writing to ~bout a 9th-grade
level would better match the reading capabilities of nost of the trainees.
Peerson (1953) revorted onm a readability improvement jrogram for locally
produced training materials at Kee.sier AFB. This tim2, the Dzle-Chall
(1948) readability approach was used, and again the ilea was to reduce
the difficulty of the training literature to a level nore appropriate for
the students. Milton (1953) suggested that technical writers should take
the initiative 'in improving the readability of their materials by using
a variety of available techniques (such as those advocated by ¥lz2cch) for
maxing their writing less complex, more direct, and easier to read. The
emerging interest in measuring and improving readability of Air Force
writing was officially recognized in 1956 with the putlication of a Guide
gor Al Foree Wacting (AFM 11-3). This manual gave instructions for cal-
culating the Fog Count readability measure developed by tcElroy around
1953 and recommended the application of a variety of effective writing
principles, including those of Flesch and others, by Air Forne 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 onme 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.

he 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 fo 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 undertock a comprehensive
series of studies of special training programs for limited aptitude airmen
with marginal literacy skills. The first stady in this series (Gragg,
Kieseibach, 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 l4-week course using matched 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 l4-week course had been <=zvoted to that area. It was con-
cluded that little gain could be ex~:cted for low ability airmen from just
extending the training period and cuvering the standard material at a
€lower rate. A move 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
arts, 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 recading 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 'mormal 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 2n 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 foliow—up study was also con-
ducted (Mastropaolo, Carp, & Erdmann, 1954) and the findings were generally
censistent with those of the first study showing that the two training pro-
grams had produced equivalent results in t<oms of on-the-job performance,
attitudes and adjustment. Again, 1 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 Torce standards of performance and discipline. It also appeared that
those marginally literate men who had received additional training in
language arts and matber.atics during the longer course were not appreciablv
different in their skills, knowledges, and adjustment to the Air Force than
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fhose marginal airmen who had not had such additional lmstruction. The
value cof including ‘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 procedures
being used for remedial training in reading, writing, and spelling were
having the desired impact. Three groups of 140 margingl airmen each
underwent one of the following training programs: (1) 45 hours in lan-
guage arts with military subject matter as the vehicle, (2) training in
the 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 improving
the comprehension of written material. However, it was also noted that
there was grezt variability in the degree of improvement across trainees,
and that the previous studies had shown basically negative results with
an even more extensive literacy program. It was concluded that remedial
literacy training could only be expected to show some benefit for marginal
groups with a fairly wide range of abilit, and that such programs might
Prove 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 diverse
R&D program well underway. As will be noted later, the extensive Air Force
R&D program on Job Performance Aids (JPAs) originated within AFPTRC during
this period. A series of studies different from those specific to JPAs
was carried out during this period by Klare and his associates as a result
of the increasing interest in improving Air Force technical materials.
This work involved an ext -~sive series of experiments and studies published
from 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 cn the effects of
varying readability and level ‘of abstraction, use of personal vwords, and
underlining key words and phrases on the effectiveness of written technical

.training materials. Effectiveness was assessed by measuring immediate and
delayed retention of the material, reading specd, interest value, and
"acceptz)ility" in terms of attitudes toward the material. Increasing
readability (as measured by the Dale-Chall, 1948, and Flesch, 1948, form-
‘ulas) was found to producé increased immediate retention and reading speed
and the more readable materials were judged more interesting B& the sub-
jects. Use of personal rather than impersonal words did not appear to
increase the interest or acceptability of ihe 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 lirnes read and in higher re-
tention than either underlining 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
spead. Two levels of human interest were used, varying 1n 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 attempta to relate style difficulty to immediate retention, reading
speed, and acceptability of technical training material. An easier style
of wrltlna (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 gr eater importance of content than style in determining how well
material will be accepted by trainees. 1In 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
retentlon test scores covering a technical training passage, selected

"carcer 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

getentlon.

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,
tiichols, and Shuford (1957) assessed the effects of three types of typo-
graphic arrangements and long and short "thought units" on reading effi-
ciency, acceptability, and immediate retention of technical material.
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Results slroested that a square-span and a spaced-unit arrangement might
possess spme advantages over “a standard sentence arrangement. The new
arrangements wvere found to be less acceptable to the trainees than the
standard [sentence format, but this feeling was less when the "thought
units' in the new arrangements were small rather than large.

Klare, Shuford, and Nichols (1958) reported a study of the relation
of format organization to learning technical material. The use of heads
and side heads in a text was tried as a learning aid, and the effect of

hanceg in levels of organization of the material on its acceptability

to trainees was also assessed. No significant increase in reading speed
was found for higher levels of organization over lower levels, but train-
eas sﬂ%nificaﬂtly favored the higher levels in terms of acceptability of

ter al. Scores on an immediate retention test also appeared to favor

hlgher 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)
attenoted to isolate patterns of relationships among previously identi-

» fied stylistic features of printed material in order to obtain a smaller
nu ber of more fundamental variables for research use. Gray and Leary's
(1935) intercorrelation matrix was reduced from 44 to 23 variables and

f ctor  analyzed.£ After rotation, two factors tentatlvéiy described as
easy versus d1ff§cult words and difficult versus easy sentences. were found
to account for approx1mately 50% of the variance, and the factor analysis
prov1ded useful new insight into the relative importance of these and
/othe; 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 |
TFlesch and Dale-Chall readablllty scores indicated the following relation-
ships: Learning, prediction of words, and readability were 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 hlghly 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 efforts
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- and' chara-teristics, and
other matters relating to low literacy and low aptltude alrmen which the
Air Force still had in limited numbers.
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McReynolds (1958) noted that the quality of career enl%sted'p?rson-
nel was up during the 1957-58 period, and that the rapid%y.lncrea§1ng
complexity of Air Force weapon systems would require addltlonal.hlgh
aptitude career personnel in coming years. Airmen in later enl%stments
were found to be typically higher in aptitude than first term ailrmen,
and the need for continuing numbers of high ability personnel toman
the highly technical career fields was noted. Flyer (1959) fou?d that.
low educational level was the best single predictor of unsuitabll%ty dis-
charge, and Judy (1960) examined educational requirements for various
specialties and found that high school graduation was c?rrespondlngly
the best single predictor of success in Air Force technical schools:
Gordon and Bottenberg (1962) subsequently confirmed that of the Yar%ety
of individual prédictors of Air Force success, the amount of e@ucaFl?n
attained was the most valid, further justifying the Air Force in limit-
ing recruitment to high school graduates. _ B

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 Force stood to gain qualita-
tively by enlisting cnly high school graduates. However, even during this
pericd, it had not been possible to completely exclude all low aptitude
enlistees; and duirng 1961 alone over 2,000 entered the Air Force.

Gordon and TFlyer (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 io 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
:ptitude and educational levels of airmen accessions during this period,
Jlmllar to that previously reported in Lecznar's analysis of the 1956
tarough 1581 accessions data. Theres were also expected indications of
Positive relationships between education level and measured aptitude, and
batveen region of enlistment and aptitude. High school nongraduates were
“’aln found to have lower average aptitudes than enljstees who had com-
latad high school or high school plus some college.

from these personnel studies carried out through the mid-sixties, it
is apparent tnat the Air Force was basically following a policy of selec-
tively rec“;lt:in«7 its way out of the literacy problem by taking in only
linited numbers of low ability personnel, and stressing the sustained
enlistment of high school graduates. However, as will be mentioned later

in this hlsLorlcal Summaryv, the situation was about to change with the

advant of Project 100,000 in 1966, and this change would bring about a
rencwed interest in literacy and technical writing problems within the
£ir Force research program on Job Performance Aids which has spanned the
period from the middle 1950s to the present time, and which has comprised
1aJor portion of the Air Force effort in the technlcal writing and use-
ability of materials areas over the years.

FRE I

ESEARCH & DEVELOPMENT ON JOB PERFORMANCE AIDS & RELATED TOPICS

The Air Force R&D program on Job Performance Aids (JPAs) originated
in the niddlze fifties within AFPTRC, and it has been actively pursued
ever since by a aumber of subsoquent research organizations. Even with
the variocus fluctuations in funding and available resources.that have
occurred over the years, the total scope of the program has been so ex-
nzive that the area can only be highlighted here. Howevexr, major as-
ts of the JPA effort have dealt with matters directly relevant to Air
ce literacy and technical writing problems, and much of the initial
erest in Informational JPAs grew out of sarly 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

mid-fifties, there was an increasing Air Force awareness that many train-
ing and job materials were poorly designed and unnecessarily difficult.
This problem 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 potnntlal solution to the problem. Essen-
tlally, 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
maxinize his capability to retrieve and usz needed job 1nformat10n in the
exact sequence required. '
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Berkshire (1954) developed and evaluated an early set of simplified
troubleshooiing materials for radar mechanics. These materials included
a set of color-coded schematics of the equipment, along with detailed
written troubleshooting instructlions. Tryouts of the materials demon-
strated that use of the troubleshooting aid produced considerable time
savings and Freatlv reduced errors made by both experienced and inexperi-
enced technicians. Subsaquent work resulted in a series of reports pro-
7iding guidelines for the improved preparation of maintenmance information,
Job Lnstruct;ons, checklists, drawings, and diagrams (Folley & Altman,
1956 and maintenance manuals and handbooks (Miller, 1956 and Newman,
1957a, b). ‘ )

By 1958,. a substantial amount of work had been accomplishad, includ-
ing development of improved task analysis techniques for designing per-
formance aids (Wulff & Newman, 1956; Gunn, 1956; and Emeson & Wulff, 1957),
reseavch eon the design of troubleshootlng guides (Hoehn & Saltz, 1956 '
Hoehna & Iﬂrdell 1957; and Hoehn & Auvkes, 1958), and a study of audio JPAs

Lumsdaine & Hoe’n, 1958). Hoehn and Lumsdaine (1958) surmmarized the work
done by A¥PTRC 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
svstematically plaunlng, prevaring, and testing 1ntegrated job aids,
tv aining materials, and troubleshootlng 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 zuides and maintenance checklists was continued (Rees & Copeland, 1959
and Rees, 195%9). By the early sixties a systematic JPA R&D program was
again underway. ' '

» Folley (196la) 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 involwved development and tryout of varilous sample aids, as well as
research cn des ign 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 gpﬁlied 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 «dnd éff&ctiveness 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 detaii. 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 (E1liott & Joyce,
1968) further demonstrated that the use of the proceduralized performance
2id aporoach produced substantial savings in training time withk 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, Joyce, 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, & Mdllory, 1973c). The JPA
R&D program has continued through the present time and recent studies nave
attempted to develop improved JPA formats (Joyce & Chenzoff, 1974) and to
demonstrate expanded applications of the JPA concept (Mullen &'Joycé,
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-
gram have had a positive impact on literacy and technical writing prob-
iems in the Air Force, and present programs tc¢ improve Technical Orders
(TOs) and maintenance publications are applying principles growing out of!
JPA research. Also, the JPA approach appears to have produced : viable |
alternative for reducing the literacy demands of manuals and job materials
which should see increasing application in the future. . _
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OTHEZR RESEARCH ON READING AND READABILITY

A number of Air Force studies of reading and readability have occurrad
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
and 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, ¢) and an AFIT thesis analyzing the relationship between readzbility
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 training 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 educatiomal level and which
had kept the overall quality of accessions fairly high. While limited
numbers of low abilityv 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 increas-
ing nunbers 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 them. 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 concerm. :

Two problems became immediately apparent. First, there was little
cdata 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
troblam. TFurthermore, it would be difficult to do much about the problem
of adjusting reading demands without some indication of the reading abil-
ities of persomnel, 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
estinating reading achievement from the AQE General Aptitude Index in
terms of reading grade level as measured by the Califernia Achievement
Test and scaled score as measured by the Davis Reading Test. They had
also provided 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 Autcmated Readability Index (ARI) had been devel-
oped (Smith & Senter, 1967 and Smith & Kincaid, 1970). The ARI provided
2n 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 Subsequent}y-
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
pPrime résponsibility 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 significanlty better learning scores for high,
middle, and low aptitude groups, with the greatest gains obtained by the
lower ability trainees. A% 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 very unreliable with coefficients ranging from
only .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 of
materials. At was also pointed out that the ease and rapidity with
which required readability data could be collected was another advantage

of 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 avaiilable 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 of
key 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 new
approach to measuring comprehensibility. Measures of these factors were
derived and experimentally validated, and current work is attempting to
further refine these metrics with a view toward ultimate development of
a set of computerized comprehensibility measures. ) .

The early interests in materials and readability also generated a
somewhat different line of research into ways of reducing reading de-
mands through use of specially designed media, simplification of materi-
als, and audio[yisual techniques. A systematized audio/visual approach
to 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 AAT
format was specifically designed to reduce dependence on reading skills,
and it was shown to be highly effective for low aptitude trainees with- .
out peralizing the higher ability men going through the same training
brogram. The AAT apprcach 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 conventional approaches. 1In another
attempt to systematically reduce reading demands, a series of experiments
was conducted to examine the effécts of lowering the reading grade level
of textual material and providing tape recordings of the text for in-
creasing compréhensibility (Siegel, Lautman, & Burkett, 1974). Greatest
benefit was found for just reducing the reading grade level difficulty
of the written material, and this was more effective for self-study mate-
rials than for resident course study guides. This study demonstrated the
value 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.zl()s '

b
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By 1973, there was an increasing Air Force. indicatiom that the read-
7 provlens of some airmen were causing problems in both resident train-
2g aud on-the-job training. Accordingly, studies of the reading abili-

i
ties of airmen and the scope of tha reading training problem were under-
tallen. Mockovak (1974a) surveyed Air Force reading improvement programs

and found that from 1 April 72 to 1 April 73, 5744 airmen participated

in sucH programs, with the most frequently cited problemg imvolving in-
adility to read and pass CBCs. He also found that ten career fields
accountad for over 80% of the problem readers who had required the train-
drz. These included Aircraft Accessory Maintenance (42XXX) 6.2%7, Adr-
craft Maintenance (43¥XX) 18.7%, Mechanical/Electrical Trades (54XXX)
3.5%, Structural/Pavements Trades (55XXX) 8.0%, Transportation {60XXX)
11.2%, Focd Service (62XXX)- 5.9%, Fuel Services (63XXX) '5.1%, Supply
(%4X%X) 8.3%, Administration (70XXX) 12.7%, and Security Police (81XXX)
3.9%. In a related study, Mockovak (1974b) demonstrated a methodology
Zor determining the reading skills and requirements of Air Force career
Zields, and for identifying areas where literacy gaps existed. Basically,
the methodology involved conducting a readability analysis of a sample

of rhe reading ability of men in the career field using the Madden-Tupes
conversion from aptitude scores procedure previously mentioned in this
raview., By computing differences between the readability of the materi-
and the reading ability of the men, literacy gaps could be determined
reading requirement levels derived.
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At about this same time, the reading skills acquisition process was
examined through research on a developmental model of auding and reading
sitills (Sticht, Beck, Hauke, Kleiman, & James, 1974). The model suggested
r2ading was based upon and utilized the same conceptual base and lan-
uaging skills as were used in-auding (i.e., comprehending spoken language)
d that ability to comprehend by reading could be improved by improving

concepntual base and language skill by means of auding. Implications

e also found for literacy diagnostic testing, in that it was -apparent
hat some reading problems may really be the result of poor language
skills. It was -thought 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.l
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The ‘personnel and materials areas were later integrated into an
ensive effort designed to determine the reading requirements across

ceé career fields and to identify problem areas where literacy gaps

. Mockovak (1974c), using the methodology he had developed earlier,
d reading and reading requirement data for 56 czreer ladders and
ability target data for all 277 career ladders in the Air Force.

‘lSee thc‘paper by Groff in these proceedings,
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Across the 56 ladders, average reading requirement level (RRL) obtained
was l° 3 reading grade level, ranging from a low RRL of 10.6 for cooks
to a hignh RRL of 14.C for telephone switching equipment -repairmen.

erage recading ability of persomnnel across all 277 ladders was 10.8,
but there was considerable variation between ladders, with some ranzing
as low as 8.5 and others as high as 14.5. However, meanlngful targat
levels for writers were obtained, and these are Currenuly being wusued in
the preparation of Air Force tralnlng and job materials, replucing the
older Madden-Tupes data that had been in use since the mid-siutjes. An
average literacy gap of around two reading grade levels was also found
for the ten problem career fields previously noted, suggesting that such
aismatches were, in fact, cdontributing 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

(8iegel & Wolf, 1975). Reading skills of personnel are being addressed

through development of literacy assessment tests for improved diagnosis
of individual reading and auding problems and by efforts to develop and
demonsirate prototype Job—orlented reading training programs.

It is antlcipated that future research in the AFHRL program will
coentinue 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 a2 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 techniques 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-
wment of the comprehensibility and reading demands of job materials and
on development of improved methods for preparing and modifying materlals
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.

fdowever, 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 varlety

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 furae. 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
Internat1ona1 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 Aix Force's literacy and readability research is a
literacy gap between the reading ability of persormel and the reading dif-
ficulty of materials. Burkett then reviewed work iin 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-
cerned. personnel factors related to job performance and showed that high
school graduates had higher success rates. than non-high school graduates,
leading the Air Force to recruit high school graduates. However, 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 mismatch 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 new fertilizers,
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 cognitive skills, such as 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. Lo
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ONGOING RESEARCH AND DEVELOPMENT
IN LITERACY TRAINING
IN THE ARMED SERVICES
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INTRODUCTION /

_ The papers of the preceding section provide a perspective on past
R&D efforts on reading and on the ways in which literacy training has v
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 providingia 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 -:
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, characterisrtics
of the programs, gains in civilian reading programs, and the criterion and
ultimate goélq of literacy training programs, Finally, he briefly de-
scribes three experimental programs and research efforts to characterize
the successful student in thé 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 review 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
IIT and 1V 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 rzsults of the research phase showed that the.read-
ing demands of Army jobs far exceeded the readlng ability of many. Army

personnel.
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The information gn the ndature of the literacy problem was used to

~develop a functional literacy program (FLIT) which provides job reading

training using the cdntent 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 mgterlals. Apother segment uses specially prepared job~

oriented reading passages and exercises to improve basic reading skills.

This program was 1mﬂlemented at all of the Army’ Training Centers.

Steve Groff opens his survey of ong01ng511teracy 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 the base education office. These reading programs vary greatly.
The high numbers of people enrnlled in litéracy training and the results
of studies which have found a literacy gap between the estimates of job

dmng demands and the reading ability of the personnel in those jobs all
p01nt to a definite literacy problem. in the Air Force, desp1te“h1gh 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 oracy 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."
pro"ram, but it focuses on the higher level comprehen31on 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-oriented reading program to improve conceptual behavior in a job con~
text, and general readlng/GED programs to prov1de access to higher levels
of skill.

112

118 ,
!



LITERACY RESEARCH IN THE NAVY

Thomas M. Duffy

Navy Personnel Research and Development Centér‘_
. . \

S “ _ \
i ~ AY

_ Literacy research in the Navy today has had two major cbjectives.
First, there have been efforts to characterize the literacy "problem" in
' the Navy and thereby provide a data base for evaluating zltsrmative ap~
proaches to insuring that a literacy deficl. at any level does not hamper
the effectiveness of the service. The second major line of research has
focused on the Navy's current approach to deficient iliteracy 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 this'research, a group of us at NPRDC have initiated efforts to
characterize the reading skills of personnel 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.

Interre]atibnships Among Reading
and Other Personnel Chanacteristies

In a joint effort with the Naval Training Center and Recruit Train-
ing Command in San Diego, we bave 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 obtained all of the
test and background data collected as a normal part of processing into" °
the service. These data include the fcllowing 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 (ARI) — A test of mathematical
ability involving word problems. '

3. Mechanical Ability (MECH) — 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 Test (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, MECd, & CLER by their regression
on the former AFQT test of general ability which was ad-
ministered throughout the Armed Forces. C

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

~ of 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 nonverBél‘intellectual_ability (Jensen, 1972; Carver,

1973d; Spearman, 1946). - e L

Recruits' reading grade level scores were obtained using the vocabu-
lary and comprehension subtests of the Gates-MacGinitie Reading Test,
Survey D (Gates & MacGinitie, 1965). The A Gchool personnel were tested
using’ the vocabulary snd 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. ; ‘ o

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 1lth
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 fests 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 reading 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 operationms.

The Nelsoh—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. Evea 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 1 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 the Ship's Servicemdn, 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 schools, 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-
siderable.

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 currént reading level deemed
necessary in the Navy, were required for admission “nto 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-
terion which only approaches the initial 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.

o MEN © HANUALS
| f _ . 7 sELow I
SCHooL - | - XR6L 8,0 RGL - X RGL
I .
HuLL MAINTENANCE TECHNICIAN 10.2 19.17% 10.7
SHIP’S SERVICEMAN | 10,4 18,17 12,9
Mess SPECIALIST - - 10.6 12,07 10,2
QuaRTERMASTER . | 11.7 2.9% 10.9
INTERIOR COMMUNICATIONS ', 11,9 5,17 - - 12.6
ELECTRICIANS MATE / ‘ 12.0 - 2.5z 12.7

*RGL for men is Based on Nelson-Denny reading test perform-
‘ance. Mean RGL|is presented; means and. med1ans were
comparable in each school. :

‘*Rcadab111ty scores are taken from Biersner (1975) and are

~ based on” the application of the Flesch Reading Ease formula
~_normed on Navy men and manuals (Klncald et al., 1975).
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duty assigaments for below-8th-grade readers. The costs involved and
the number of men affected by implémentation of any of these optiouns
demands that the options be carefully ceonsidered.

Our findings with regard to literacy skiil levels in the Navy indi-
cate that one or more of the above options must be dimplemented to assure
effective performance levels in the service. These options, however,

Rust 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 crnitenion,
the ability demands of each schoof and would provide functional neading
Zraining 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 be more
Lanageable than a broad-based literacy program. HumRRO, under contract
to the Center, is currently evaluating the cost-effectiveness and man-
agement considerations 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 2 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.
Wnile 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 have data, years of education shows the least relationship to reading.

- Thig finding may be contrasted with previous reszarch which has found
years of education to be the most wvalid 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 powé% of years of education has been reduced due to
the increasing porportion of high school graduates entering the Navy. .
Evidence for this hypothesis comes from the additional finding in our
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analyses—thgt\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 in the restricted variance in education, it.ig 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
~gr'nps, with Caucasians having the highest median (11.C) and Malaysians
tiw lowest (7.6). The same ranking of races is obtained when one com-
zaces 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 = grcup in which
English is a second language for most men. Although English is taught ‘
beginning in the first grade.in these countries, its use iz restricted
almost entirely to the school and is limited to "formal Enﬁlish". Thus,

a deficiency in functiocnal reading skills may be expected. -

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 have
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 predicted
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 determinatjon 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,

lThe race data are not necessarily representative of the Orlando and Great
Lakes RTCs, since the large proportion of Malaysians at San Diego js 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. 120 '
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Data from the rirst 7093 recruits taking the reading test were used
in the initial analysis. A1l 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 = 0.723 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'@he 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. R ‘ :

The empirically determined RGL, as well as the predicted RGL 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 are
evident. The ceiling efféct is due to the limitation of the reading test,
wnile the basement effect is likely due to a lack of sensitivity of the
GCT at the low end, since the GCT was designed to predict school success
rather than to discriminate between low ability personnel. .

The results of these analyses (and o*!.-rs, including a cross—valida— '
tion study) indicate that GCT can be used t« crack changes in reading: "
skills in % bavy's assessions. In addition, GCT can be used tc obtain
an approximation of proportion of recruits falling into gross categories
nf reading skill. However, ©CT cannot be used to discriminate between
low ability readers. At best, thelresults indicate’ that 95% of those
recruits reading below the 6th-grade level will have a GCT less than 45.
In the future, we will be comparing this regression equation with one
derived from the Nelson-Denny test in our A School sample. T1n addition
to these regression analyses, we are currenily 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. - ' : :

"Réadin'g Ability and Navy Eifectiveness

A basic éssumption 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 relatinhg reading ability to job performance have
been presented by Duffy, Carter, Fletcher, and Aiken (1975) and Sticht
(1972a). 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 higﬁly correlated in the low ability personnel. The relationship
betwaen reading and performance in these studies, therefore, cannot be
accurately determined. Even if reading ability had been directly assessed,
these studies are limited ir focus to personnel bordering on functional
iilitersey. Thus, if no relationship was found between-reading and per-
formance in this low-level porulation, this may simply indicate that all
of the men were so da ficient in reading skills that variation in skill
level ware irrelevant to performance. That is, even the highest reading
scere cepvessnted may heve 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
of ressarch 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. Additiomally, 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 performance levels. For
example, Sticht, Cayior, Kern, and Fox (1971) found that z job sample
test measure of job performance correlated only 0.13 to 0.24 with a sup-
ervisor's rating of performance. Ronan and Prien (1971) prov1dP a de~
tailed discussion of measures of performance.

With these difficulties in performance measurement in mind, we have
examined the use of rzading in predicting performance on two measures
currently employed in rhe 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 .contribution of ‘reading to the
prediction of these effectiveness variables would indicate both the im-
portance of reading in the Navy and the usefulness of reading skill level
as a selection or classification variable.

. Reading in Relatlon 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, ware checked monthly and all attritees for.
whom we had reading data were noted, along with the reasons for attritiom.
Three predictor variables vere used: :

1. Odds for Effectiveness (QFE) — 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 expulisions and suspensions
from school, and Armed Forces Qualification Test Score (Plag, 1968).

-~
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2. Armed Forces Qualification 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. - ’

A 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 persommel prior to administration of the reading test, as
well as persomnel 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 thraze 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 siiown in
Table 2. A clear and systematic relationship between reading ability and
the probability of attriticn is evident. The less—-than-4th-grade readers
have a 0.36 probability of making it through boot camp, 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 rerains 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 analvsis 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 thrue variables added only
0.003 to r. The independent correlations of OFE, AFQT, and years of edu-
cation with attrition in the initie! sample were 0.19, 0.17, and 0.14
respectively. The comparable correlations in the cross—-validation sampls
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 1s 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 ieading contributes 84G-
nificantly to the prediction of attrition independently of the other varni-

abfes, 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 correlatiom to 0.30. That reading ability

as measurad by the Gates-MacGinitie test contributes to our prediction

of attrition over and above other tests involving reading and non~-reading
components (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, coniormlty to
expectations) which is related to attrition. Since’ the primary emphasis
in boot camp is acculturation and does not involve excessive use of man-
uais, 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 a2 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-

.._._.Vvious_testing. .

Only a preliminary arnalysis 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 -across 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.

WEEKLY TEST AVERAGE CORRELATION WITH: . |

f S ~ PATTERN BTB

SCHOOL - : READING  MATCHING TEST
HULL MAINTENANCE TECHNICIAN® .20 05 .21 (ARD)
SHIP’S SERVICEMAN . .26 .16 .2 (ARD
MESS SPECIALIST 3 22 .32 (ARD)
QUARTERMASTER = - | 50 U8 .61 (ETST)
INTERIOR COMMUNICATIONS .~ .33 - .33 .50 (ARD

—— e,

ELECTRICIAN'S MATE 23 16 L4 (ETST)

*A WEEKLY TEST IS NOT ADMINISTERED. IN THIS SCHOOL AND THEREFORE THE f
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. .The-objectives of the
training are (1) to provide a level of literacy skill to all personnel

S¢ 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 requirements in the Navy pre-
sented eariier 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, T will describe the effect-
iveness of three literacy programs in achieving this more immediate
objective. In addition, I will describé 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 individyal and performance during training was regularly assessed
using 70 different pre- and post-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 stud=nts 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 2 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 recruits 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

ThHe Marine Corps (MC) program in San Diego was devised especially
for the Marines. 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 decol’ng 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. JInitial
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 zeneral classification test. Recruits scoring be-
low the 4.5 RGL are retested on an alternate form of the Gates-MacGinitie
and conly if they onée 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 trainiang. 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. 3Successive weeks of the program .deal with 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 wzeks (92 hours) and ranges from 3 to 6 weeks.

2 .

. “The fact that a student was not retested until 3 weeks into the pro-
gram appears inconsistent with the report that 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 rzlations was instituted. If skills in this area were
adequate, the recruit bypassed .the first week. Thus, in FY 1975 the
avarage program duration was reduced to somewhat less than three weeks
(69 hours) with a range 9of 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. Eardware is limi ~d to reading pacing devices. Prior to FY 1975
the supplemental materials consisted of the McCall-Crabbs readers and a
few magazines (e.g., Schoiastic Magazine). Ia 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. Prior to FY 1975 all recruits failing the first academic test in
crult 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 admittéd to the NSD program. In
¥Y 1975 the Gates-MacGinitie 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.

5

[=3

The distinction between FY 1975 and FY 1974 proceduras is important
in the consideration of-the effectiveness of the programs. The RBS pro-
'grem and the NSD program prior to FY 1975 admitted students on the basis
of a single test administration. Since only low scoring individuals were
admitted into the Program and later retésted, 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. The racial distribution is about equivalent in the MC and
NSD programs except for an increase in the proportion of Malaysians (and
thus, second language training requirements) in the FY. 1975 NSD Program.

3’I'he NSD program is currently undergoing another revision. The new mate-
rials are estimated to be 70% to 80% Mavy-related and the instruction
will be individually paced. 1252
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TABLE 4

PERCENT DFlRE'C‘RUITS IN EACH RACIAL CATEGORY FOR
FOUR READING TRAINING PROGRAMS

| RACE
PROGRAM CAUCASTAN BLACK MALAYSIANS OTHERS
RBS © 3 .
MG 45 29 i 15
FY74 NSD . 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
PROGRAM 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, howaver, are considerable. Approximately 50%

of the NSD students have a high school diploma, while only 2G% 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 their
Students. Parenthetically, it is interesting to note that the data in

. Table 5 reflect the conclusion drawn earlier that a high school diploma
ddes 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
cne night predict for the programs., First, the entry level reading scores
at MC are considerably below those in the other programs. The values were
not subjected to statistical comparison because of lack of adéquate raw
data and because of the widely Varyidg Ns. However, the entry scores fall
within that range of ability at which phonic skills are acquired. Thus,

a 1 RGL difference 1in entry levels should reflect a meaningful difference
in phonic skills, which are considered by instructors as the most diffi-
cult and time-consuming skills to acquire. 1In 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 skills 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 contact
with 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,
traiving 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 READING GRADE LEVEL* ON PRE- & POST-TESTS,
‘ GAIN IN READING, AND ATTRITICN RATE FOR .
* FGUR READING PROGRAMS.

READING SCORES -~ - ATTRITION
PRE ~ POST ‘ - -
TEST - TEST -  GAIN [
RBS (n=U3)** 85 6.3 1.8 . © .00 }
MO (n=430) 3.5 L5570 22 10|
FY74 §SD(=785)° 4.2 . 6.0 .18 22
FY75 NSD(v=658) 4.2 6.1 19 a2

* READING WAS ASSESSED ON THE VOCABULARY AND COMPREHENSION SUBTESTS
OF THE GA ES-MAcGINITIE READING SURVEY D, .

i 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.

PROGRAM

142

i : FY74  FY75
_CHARACTERISTICS -RBS MC NSD NSD
GREATER INSTRUCTOR QUALIFICATIONS X
LonGER ProGrAM DURATION X X
GreaTER TRAINING MATERIALS )
EXPENDITURE X
GREATER " INDIVIDUALIZATION X
- -HieHER ENTRY ReapinGg Levers - X X X
HiGHER EDUCATIONAL LEVELS X X
HicHER RATE OF ATTRITION FROM : :
Pre 10 PosT TEST ' X X
GREATER STATISTICAL REGRESSION X X )
FromM PRe To Post Test o )
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seem to be due to a ceiling effect created by a commopality in training

‘criteria. The difference between the programs in terms of amount of gain

is only a .4 RGL. Considering the substantial differences ia character-
istics between the programs, this small of a difference in effectiveness
Suggests the conclusion that within the congines of a short dwwaiion,
{rszructon-based, fLow Literacy program, the amount of instrwctional gain
An general Literacy 4is fixed and detemmined by the s4mple exposwie to
the educational setting. 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, & Kerm,
1973). This program, which underwent considerable experimental develop-
meat, employs qualified teachers, is highly individuslized, and focuses
on functional reading skills. Nonetheless, it possesses the defining
characteristics for my conclusion and the gain in general literacy is
ccmparable to the gains obtained in the naval service.

Results obtained by Shennum, Aiken,(aﬁd Thomas (1975) suggest that
this invariance in reading gains may even apply to specific instructional
procedures. These investigators examined tiree procedures for increasing
reading speed for recruits in the final week of the FY 1975 NSD program
with the hypothesis that excessively slow reading.speeds (frequently
found in these programs) may be an important contributor to poor compre—
hension. The training method of primary interest involved simultaneous
reading and lister.ing with the rate controlled through a variable rate
speech compressor, Comparison conditions were (1) simply listening to the
compressed speech, :1i (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 Zucrease 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 drawn f.om tHese evaluations should not .

lead to the assumption that literacy training programs cannot be improved.
A consideration of alternative criteria for training success (the criteria
gre currently amount of gain and exit level in general literacy), a shift
to training of men with less deficiency, or the introduction of refresher
or retraining programs may all yield more effective reading programs.
Perhaps the most important cousideration is a rethipking of the criteria
for training success. In most Navy training, program effectiveness is.
heavily weighted by the time required to reach criierion. 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 leg;ning tech-
niques would be by far the most cost-effective (Atkinson, 1972; Ball &
Jamison, 1973; Bloom, 1974). The orly time information available oa the
present programs ccme- rrom R8BS, where it was found that on the average,
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1 urs of instruction was required for a one-year gaim in reading.
Lowever, that one-year gain required 52 hours of iastruction for recruits
ut cacoding skills, but cnly 25 hours when recruits could decode.

The criterion for literacy training should also be rethought in terms
of the ultimate goals of the program. 7The goal is not to produce wore
literate ~ =, but rather, to give them. the skills necessary to effectively
perforn t... reading tasks required of them in the service. These skills
involve an ability to find information readily in manuals, to read and

. ccmpreiend procedural directions and instructions, to datermine the rela-
tive importance of information on a system, etc. The vocabulary require-
meats and the reading strategy required in these tasks differ considerably
fron the requirements in general literacy. Tests based on service-relevant
reading material and tasks will very likely show program gains not reflect-

- ed in general literacy tests. ‘

Still related to ‘the ultimate critecion of increased Navy effective—
ness, a program addressing men with minor reading deficiencies may be
expected to yield greater gains in performance 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 avaiiable on the relationship of reading im-
provenent to entry reading level. Data derived from these literacy pro-
grams indicate that in addition to the gains in Mavy effectivéness, a
program for moderately literate men would require less training time to
achieve the same gains in reading. 7The NSD personnel refuse to accept
less 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
phenic skills, he requires twice as much training to produce a year gain
in reading. “In my dwn work at WSD, I have found a strong linear rela-~
tionship betwenn entry level and gain (r = .35 and .59 in two samples of
native En°llsh speakers). -

theracy tralnrng programs have frequently been criticized for the
Lendencv to be one-shot programs. Clearly, meaningful permanent gains in’
read*ng cannot be expected in a three-week program. Exercising of the new
tkills and refresher training is necessary. The NSD personnel retested 58
-~ graduates from the FY 1975 program two to seven weeks after graduation.
s The delay between the final test and retest did not produce any.systematic
o differences in change scores, which indicates that the loss due to termi-
aticn of training occurs within two weeks. The average graduation score
for these 58 men was 6.3 RGL, while the average retest score was 5.1;
a2 1.2 RCL loss in reading skill due to the termination of training. If
‘thesa men were representative of the FY 1975 input into the program, these
data indicate a .9 RGL permanent gain from the entry reading level of 4.2
RGL. lowever, this gain is still subject to some regression effect, and
0 the permanent gain in the program is likely a .5 to .» RGL. While re-
est data is not available on the other Navy programs, there is no reason
fo suspect the permanent gain would be any greater than that obtained at NSD.

'\
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The exit reading score indicates that the ment 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 from their relative effectiveness. The pre-
test and post-test gain of approximately two years in thesé 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
Sth-grade students at entry into training, while on the post—test, the
men were at 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 distribution for this particular reference group. The 2 RGL gain
is 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). Similarly, 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 bcot 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 attriticn 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 iess than the Marine Corps average. Additiomally,
only- 334 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 fudjed to be progressing faster than normal.) The
data do suggest that the MC program graduates are progressing through the
service at a normal rate. However, we do not kiow 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
‘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 rhe 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, ve have data pointing to a relatively strong relatiomnship
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 RCL increase in ability would substantially affect the performance level
of a fuactionally 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
127 and 14% attrition rates in the MC and FY 1974 NSD programs respec-
tively. The cnly way we 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 readlng 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 Reading Programs_

In addition to the ongoing programs for recruits, there are three
experimental programe under Navy sponsorship. Since thesa programs are
only in the initial stages of development, I will only briefly describe
them. Hormbeck and Montague, under the sponsorship of the Center, are
‘developing programs for training phonic, or decoding, and vocabulary
skills in the low literate recruit. The training is computer based and
has as dual goals, the evaluation of training procedures and the evalua-
tion of new computer hardware and software Systems. The interactive com-
Puter system has graphic capabilities allowing the student to "point" to
stimuli, e.g., to syllabicate a word shown on the screen. = More import-
antly for the low literate training, the terminals are equipped with a
Vortax voice synthesizer. This computer-generated speech’ capability 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-~
irg is nearing completion. ' ; :

The second experimental Program is being developed by Carver (19734d)
under ‘the sponsorship of the Office of Haval Research. The training in
this program, rather than focusing on specific reading skills, will involve
150 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 primary
objective in Carver's work is to determine if there are two types of poor
readers - those lacking the intellectual capacity, and those lacking
the educational experience. The latter are expected . to gain from reading
training. Thus, students will be screened for intellrctual ability using
the Raven's Progressive Matrices and high and low Raven's scorers will be
compared. Those receiving training will consist of 4th-grade level readers.
Pilot testing of this system has recently begun.

The final experimental program involves Ehe‘evaluation of the Encyclo-
pedia Britannica program for functionally illiterate adults. - The program
is at a considerably lower level than the other programs we have discussed -
"and assumes no reading ability. Training is in prbnunciation, listening,
and basic reading skills. This program has been instituted aboard three
ships and participation is voluntary. The experimental evaluation of this
program, by the Chief of Naval Education .and Training Support, is just
getting underway. ' -
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Prediction of Training Succe;s'

As a final topic . inm’ the review of the Navy's literacy research,

I would 1ike 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 battery and have recently
begun collecting data on a second sample. This sample at present copn-
Sists of 41 recruits, 21 of whom have English as a second language. It
should be borme in ‘mind that the data T am presenting applies to the 1975
NSD program which was described previously. Programs differing in in-
Structional strategies would likely produce different relevant variables.

Oue of the first hypotheses we examined was that the remediability
of poor readers is dependent upon their intellactual 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) test (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. OQur 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 pefformance.Was consistent across the four groups
(successiyg samples crossed with English as a first or second language)
ranging from 19.5 to 22.5 (0 = 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 component 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:

PATTERN DECODING .  MEAW A
. GROUP" (N MATCHING SKILL GAIN |
spple E 1sT (79) - .02 o 8 A
1 E 2vp (32) 19 .30 S L8 (LY
SA“PLE E, IsT _(21) - .39 - .54 : 1.23 (1,491
2 E2w (29) 18 28 10 .1 .|
. .. ,"
“READING GAIN IS CALCULATED AS THE POSTTEST/PRE-TEST DIFFERENCE ON |

~ ALTERNATIVE FORMS OF THE VOCABULARY AND COMPREHENSION SUBTESTS OF
THE GATES MacGINITIE READING SURVEY D,
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Qur second hypothesis was that those students more proficient in
decoding printed words into phonological 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 RGL. The word knowledge subtest of the Wide Range
Achievenment 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 pronmounce the words
correctly. Correétness of pronunciation is a test administrator judge~- ;
ment and grading is liberal with respéct to regional and ethnic differences
in promunciation. The test does not take into account the.student's knowl-
edge of the meaning of the words. ‘ '

i

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 lst 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
(ia 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, yét the gain in reading
for the £ 2nd group is not consistently greater than for the E 1st group.
We feel that a second mijor distinction between the language groups, which
will account for diffevehnces in gains, is semantic knowledge. The E 2nd
consists primarily of Filipinos who have been' taught decoding rules for

; English since grade 1. However, their experience with the language has
been largely limited to schoolroom use. Thus, while they can readily de-~
coda 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 and listening tests in our battery to test the
above hypothesis, as well as to test the hypothesis that a large differ-
ence batween 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 evén-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 sanple yielded an r = /5 (cor-
rected for attenuation).
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The mean listening and réading performance for each language group
is presented in Table 9. The data indicate, as might be expected, that
E 1st recruits have a larger listening:than reading vocabulary. Their
listening skill is exercised constaﬂtly_thrqugh interaction in an English
language community, while their reading skill trairing is .Llikely to be
linited 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 writtenm, 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 lst group, but less than the
E 1lst listening vocabulary. The E 2nd, while being able to decode far

more words than the E lst 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 1st 26.1 31,1 | |
5.1) (5.0) |
£ 2w 29.7  28.0 ’
(5.0) 4,8
\
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COMMENTS ON THE PAPER BY DU?FY
| Burl Gray - '
. Behavioral Sciences Institute

. The comments 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 learmer, and not enough atten-
tion was given to describing the instructional method that students are
exprosed 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 teaching method
~ highly specific to some godls 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
‘a2 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 hi4 problem, so trainers may not be too motivated to
improve their 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.

B
“
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ONGOING R&D IN ARMY LITERACY TRAINING

Johh S. Cayler 4
Human Resources Research Organization

The Army's problem in dealing with recruits of low level reading and
language,skills 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 this problem arose in
1966 with Project 100,000, which brought large numbers of previously

_ineligible iow 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 Traibing
(APT). The goal of this program was to bring recruits reading below the
fifth-grade 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. ’ —

&

Shortly after the APT program was established, the Army, under con-
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 naturc 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 ¢kiils 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 job$ and the reading ability level of the Army personnel available
to do these jobs. The latter phases of this program were more heavily
developmental; those phases will be described in terms of the job func-

tional literacy training program which was produced, its operational
. ; .
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effectiveness under Army-wide implementation as a front-loaded program .
conducted vefore job training, and the feasibility of integrating this
“"job reading tralnivg program with job skills training.

DETERHINATION OF THE LITERACY DEMANDS OF JOBS

To determine the literacy 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 manﬁals_
‘prescribed for use in learning and in doing the job.

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

Each of these approaches is described below.

Job Prof1c1enc

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, 8Sth-grade reading level minimal requirement for Armor Crewmen
and Vohicle Repairmen, ‘and 9th-grade reading level for the Supply Clerk'
job.

"This approach to establishing the reading requirements of jobs has
the advantage of using job proficiency measures 4directly as criteria.
This work suggested tnet different jobs do have different levels of lit-
eracy demands and that rzading requirements for these four high-density
jobs kzy well above th& icvels typically set as objectives for remedial
reading training prograni. There are drawbacks to this appraoch. Clearly
it is prohibitively exgen:ive to obtairn hands-on job proficiemcy measures
in a variety of jobx. 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 ’gznores 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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‘Reacability Approach .

Our second approach to determining job reading requirememts was to
study the readability of reading difficulty level of Army manuals used
oa various jobs. The FORCAST readability index was comstructed 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.

2. The average rzadability level. of the materials in each of
these jobs far exceeded the average reading ability of men
working in these jobs.

Table 1 shows that although'there are clear diffefences in readability

of job printed materials among the MOSs, qll the MOSs show readability
levels well above the 9th-grade level.

| TABLE T
Cumulative Percentage Distribution of Job Reading Materials for
. Seven MOSs and Seven FORCAST Readability Levels

Military Occupational Specialty®

RGLA 11820 ' 26D20 63820 71H20 76Y20 91B20 85B20
(N =104) {N =g5) {N = 108) N =9§) {N =83) {N = 90) {N = 138)

56.9 0.0 0.0 00 . 0o 00 00 - 00
7-7.9 1.0 0.0 0.0 0.0 0.0 00 . 07
8-8.9 48 0.0 3.3 3.1 36 2.2 5.0
899 18.3 4.2 13.4 2.2 10.8 24.4 15.1"
10-10.9 414 . 9.5 36.3 33 204 478 34.0
11-11.9 71.2 42.1 61.8 370 576 77.8 622
12.0+ 100.0 100.0 100.0 100.0 100.0 100.0 100.0

YRAGL~Reading Grada Levsl of difficuity of job ;_Jrinted materials determined by the FCRCAST

. formula,
. o
b‘HBQO, Light Weapons Infantryman; 26020, Ground Control Radar Repaisman; 63820, Wheel
Vzhiziz Repairman; 71H20, Personnel Specialist; 76Y20, Armorer/Unit Supply Spedalistl: 91820, Medical
Specialis:; 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 describe 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
materizl 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,
between-different jobs and with other indices of job reading requirements,
JRIT scores were scaled in terms of creading grade level, as measured by 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-

.ric. In this fashion, and using the arbitrary but plausible decision

rule that 70% 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 st the 8th-grade ievel, and at tha 12th-
grade lavel for Supply Clerks. : ’

Summary

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 different criterion: wmeasures 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 commoi. orderi:g -of the literacy requirements of the
three jobs studies fer all approaches, and in setting all job reading
requirements at or above the 7th-grade reading level.
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Up to this poiit we have discussed research that has focused on the
reading demands of . ¢y jobs. The other side of the Army's literacy
problen concerns the reading ability level of the personnel available to
dc the jobs. : : ‘

Direct assessment of the current distribution of reading ability in
“w- Arny is not availlable because no reading test is standardly adminis-
tered to all Army persomnel. Throughout the several phases of this
program, direct testing of ré%ding comprehension lLias always yielded a sub~
stantial proportion of personmel of marginal reading ability. While this
progortinn 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 scireened 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 readiag
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 = 0.7) between AFQT and reading grade level as measured by
standardized reading tests. Since AFQT ccores 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 simmarize 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) there-is a consistent
positive relationship between reading ability and 2b proficiency.

- Trom this work we make the following concluszion: Aithough no single
level of functional literacy can adequately represeat 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 Army. Thus, '
remedial reading should be aimed at producing no less than 7th-grade read-
ing ability and, optimally, should be targeted to the level of a man's
MOS assignment. If elimination, retention, or promotion of career person-
nel is largely contingent upon paper-and-pencil job Luowledge tests,
formal procedures should be implemented to ensure that men have the
opportunity to acquire both the job knowledge and the literacy skills
required by the tests. . : N
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JOB FUNCTIONAL LITERACY TRAINTNG PROGRAM

Based oa this research ov the nature of its literacy problem, the
Army in 1971 sponsored the HumRRO FLIT "(Functional Literacy) project with
the ob: ective of developing a literacy training program designed to pro-
vide a level of functional literacy appropriate to present minimal job
reading requirements. and requiring no more than six weeks of training”
time. OCiven 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 © a student capable of using his job reading mate-
rials with the eff . _.,ecness of a man having a general reading aoility
of grade 7.0 ov .!.hes. as indexed by performance on a job reading task
test. This - 1 {1 casic policy decision that all job. reading train-
ing would be ‘¢ using the concepts, content, and reading mate-
rials of the =. s own job area. Parallel training curricula and

- materials were developed for each of six job clusters: Cook, Clerk,

Conmun*cgtLonb Combut, Mechanlc and Medic.

Entry _ ,

_ Entry to the program is governed by a series of screenings designed
to eliminate most cases of testing artifact. All Mental Category III and
LIV irput personnel-are screened on a standardized reading test in the _
Reception Station during recruit processing. Those faLL$ng to reach the
6th-grade reading level are rescreened five weeks later .in basic training.
Those again scoring below the 6th~grade reading level dre screened once
‘more upen 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.

Progfam Overview

The functional literacy training program consists of three curricu—
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 reading skills and job knowledge through
using simplified versions of Aruy ob readlng materials. Strand III is
devoted. to general reading training and practice, as prescribed by the
local Army school. '

Strand i
Strand T tralnlng is designed to give the student drill and practice

“in applying his existing reading skills to the job read*ng tasks and the
job reading maperlals which he will encounter in his entry level job
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raining and job performance. This Strand is a modular, self-paced, mast-
ery~based program of job reading task training. Training is conducted in
six modules, each addressad to one of the six fundamental job reading
tasks identified- as common and essential to MOS training and performance.
These nodules 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
‘Filling Qut Forms. Job—specific training is provided in usiing thoSe
Army manuals used in the stidant’s own MOS cluster.

Entry tc each module is determined by a module pre-~test. Students
meeting both time and accuracy criteria onm a module pre-test advance to
the next modul.:; those falling the pre-test enter successive blocks of
individuaiized instruction until they can pass a module post-test.

Strand II o ‘ :

In contrast, Strand "7 1s a teacher-oriented prcgram designed both
to improve basic reading skills by language instruction and direct read-
ing trairing, and to develcp basic job knowledge in the student's own MOS
field. 1In rhis curriculum, instruction is provided in decoding print- to
speech, in basic functional Qrammar and syntax, and in conceptuailizing
and structuring the meaning of a passage in linguistic, schematic, and
pictorizl rapresentations. All instruction is keyed to sets of specially
yritten, simplified readlng passages presenting basic job vocabulary and
job concepts in the Studeat's job field.

IMPLEMENTATION - ~

Atter a period of development and field trial in which all training
was conducted by research personnel, - this functional llteracy training
program has been implemented over the past year at all _six Army Training
Centers. The final phase of. our R&D program consisted of»evaluatlon of
(1) the front~loaded functional reading training program in its opera-
tional sz2tting, and (2) the feasibility of alternative delivery systems
permitting the integraticn of the job reading training program with job .
skills <raining. C _

Let me summarize the flndlngs of thls study of the operational traln—

ing progran.

e

1. The Current Heed For Literacy Training in the Army

-

In reading screening testing for this program in 1974 and 1975, 9%
of Category I1T and 217% of Category IV recruits failed to reach the 6th-
grade reading level on either of two administrations of a standardized _
reading- test administered over the first six weeks of their Army service. -
Similarly, one-Fourtn 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 level of reading compreherdsion. '
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2. Characteristics of ﬁtudents Entering Reading Training

Regional differences were substaatial. Median amount of formal school-
ng ranged froa 10 to 12 years, 29% to 57% of the students held a high
chool diploma or GED certificate, and 66% toc 97% spoke English as their

in
sc
pricary lanbuaoe.

. Progran Effectiveness

5]

Pre- and post-module proficiency testing showed 1mproved performance
or &ll modules with substantial differences in the difficulty and effective-
ness of various modules. '

Surmmative evaluation showed high consistency of training effective—

ness at the several installations. As measured by the Job Reading Task

Tes?, mean reading grade level gain was 2.2 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, with 29% of the

students reaching the 7th-grade level. Rerention testing eight weeks

afver-completion of reading training showed that, ﬁor job r=ading, an
Aﬂlf*a‘ gain of 2.4 RGL was reduced to » net gain of 1.9 RGL two months
iater. For tne general literacy meas . . the initial gain of 1.0 years
vas reduced @ a2 net gain of 0.4 of & car.

4. Feasibility of Integgatlng Job Reading and Job Skills Training

As iwplemented, this literacy training program is front-loaded and
dds six weeks to the training cycle when inserted between Basic Combat
‘raining and entry level MOS training. Not only is this costly in terms
£ training time, but it also requires the learning of job concepts before
,the 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 in the case of the basic FLIT program,
this integrated job reading training was a scheduled mandatory training
activihy 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 brief period of time the program was offered and the limited
advertisement of the program. Future programs should expect to spend
more effort in disseminating information about the program.

)—’ m

Q

Summary

The Army-wide implementation of the front-loaded FLIT program, or
the Advanced Individual Training Preparatory Training (AITPT) as it is
row known, has just been completed in 1975. This implementation effort
brings to a close this Arwuy/HumRRO long term program of literacy research.
and deve lopwent. -
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CO_NTINUING ACTIVITIES

Currently, Army research and development in' the literacy area is
being conducted by the Army Research Institute. Ongoing is the develop-
ent of a screening test for reading comprehension to replace the pres-~
1
St

otly used USAFI test. Since the USAFI test is a military veprinting of

andardized reading test developed for use in the intermediate grades
of the public school system, it requires academic knowledge and skills
uarelated to Artiy reading needs. ARI is currently collecting pilot data
on its new test of literal comprehension of Army-related- readlng 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 definition of relevant language variables and the develop-
ment of computer programs to measure these variables.

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

3. ‘lhe development ¢f computer proorams to provide corrective
feedback to wr*ters

[E—Y
(W)
|
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COMMENTS ON’ THE PAPER BY CAYLOR AR

R1chard Venezky
o University of Wisconsin

lee others, Venezky based his comments not only on-Caylor'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 practice —to 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 rhat Caylor had reported a large influx of men
with low levels of langunage’, not just reading, skilis; also, the Air Force
is sponsoring work on the measurement of auding and reading skills. Tuis
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 .are 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 of these areas in the Services, Venezky suggested that better coordi-
nation of these efforts is needed, because, for examplej it is simply not
tost beneficial to deal only with, say, llQeracy programs, when in fact -
the materials that people are exrected 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 dow oral language skills, including many non-—
native speakers of English, are entering the Army, and it 16 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 chis problem. He

suggested that the services extend this concern with oral language, and
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. 3

Venezky's final comments concerned the need for the Military Services
to explore alternaktives to current training (literacy and technical)
programs. Noting that the Services face the problem of limited time and

‘funds for traiuning, 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 desecribing the current efforts in rhe Alxr Forcb s R&D program
in the area of 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 localily developed fifteen
ninute reading test (designated RJS-1) upon:their arrival at Lackland for
bzsic military training. Those sccoring below the sixth-grade level and
2li tental Category IV personnel {(those scoring balow the 3lst percentile
on the Airmen Qualifying Examination), regardless of their performance on
the RIS-1, are then administcred the Californmia Reading Achievement Test
(CRAT). Those scoring below the sixth~grads 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 training and half a day of the usual ba310 military tralilng.

The first week is spent in a conventjonal classroom setting worklng
on worx power and phonics. At the end of the week a dlagnostlc test is
administered and the results used to guide the person's progress through
the remaining seven weeks of the program. This latter vortion 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 automctically
at the fifth-grade level and evervoune is required to progress through the
seveuth-grade level materials before being eligible for early release from
the Reading Proficiency Unit. Having achieved that point, t! students
are given the alteraate form of the Callfornla Reading Achiev. .ient Test,
and, if they score. at the sixth-grade lavel or higher, they are channeled
back intoe full-time basic mlllbary training. If they do not achieve that
cricerion level, ther remain ia the proficiency unit and are provided
viith additicmal trazning. At the end of the eight weeks, two courses of
accio: are open for those who do not ‘achieve the sixth-grade level. TLither

_ they are separated as having "limited potential" or, if the specific

situation warrants, they are wmaintained in the unit for two additisnal _
weeks. This latter course is at the discretion of the unit commander and
is used in rouch‘y three percent of the cases.

Of the 439 entrants into the program in FY 74 103 (23 5%) were
discharged for reading problems, and -z, additional 63 (15.5%) were
discharged feor "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 Urit was 23 days, and the N
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 technical school 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 =ducaticn office, and supposedly,
‘continues until he achieves a ninth-grade re2ding level. &Even though a
person may initially test above this cricerion, h= may be required to
enroll in the reading program if he has troutle 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 eoxistence. 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. o

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 1s conducted

~at Lowry AFB, Colorado, through an arrangement with the Dernver Public
School System. The program is essentially indefinite in lengta 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. ericdically, testing is done to
angormally track progress.but no permanent records are maintained.

The extent to which these programs attempt innovation is quite limited.
The Educaticn 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, icur are in the area of study skills, involving the use of <t
dictionaries and orientation trips.to libraries. Two hours ar€ spent in
group counseling sessions (a rather unique feature) and the remainder of
the time is spent in other reading a..ivities 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 FOQCE LITERACY<PRCBLEM?j
Concern has been expressed at the 1972 and 1973 World Wide On-the-Job

Training Conferences by supervisors and training managers that readihg
problems are proving detrimental to the conduct of training. Their
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position appears to be supported by sume recent rgsearch As a result of
a survey by Mockovak (1974a) it was found that 5,774 airmen participated
in base-level reading programs betwzen 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 :ducation 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 pcol aro rot 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 turncver of personnel is-a long-term process and that enlistment
criteria are likely to fluctuate downward from the January 1975 level.

Mockovak (l974b) studied the llteracy skills of AF personnel and the
readlng requirements imposed by AF training and job materials. Mockovak
estimated the reading ahility of three- and five-skill level personnel
using the Madden and iuves (1966) regression equation for AQE (Airman
Qualifying Examinati~-.> scoves, and alsc estimated reading reqULrements
using the FORCAST (Caylor, et al., 1973) readability measure. Identifying
the reading requirement level as that Reading Grade Level {(RGL) bhelow
which seventy-five percent of the matevial fell, he compared this require-
ment level to the mean RCL of AF'perqonneL by career ladder. This calcu-
lation resultec 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 Wockovak's sample had a nega-
tive literacy gap of greater than two reading grade levels. These results
tend to confirm some of the increasingly frequent comments by trainirng
managers that reading problems are having a detrimental impact on the
on-the-job training program. However, it is useful to neat: that these
data do not indicate that a specific problem exists or what the operational
consequences of the subjectively defined "literacy gap" are.

Uther data which provide an important perspectiv&'on the scope of the
problem, and suggest 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 Section, Upper Level, (grades
seven through college freshman year) Form A. (Within some AF commands
the USAFT is widely used). Using ninth-grade norms on the vocabulary
portion of the SRA, 24% of the testees were identified as having reading
deficiencies; on the total comprehension test, 227 were identified as
deficient. Using twelfth-grade norms, 63% of those tested were deficient
in. vocabulary, and 70% in total 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 percentils.

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 [inal 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 the 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 90-day data collection effort at Basic Military
Training at Lackland AFB. A forty-percent-random sample ¢f recruits was
administered the California Reading Achievement Test. A total 'of 5154
~non-prior service perscnnel were testad. 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 syvstem, the
expected result being that there will be essentially no one balow the
ninth~grade standards.” This is an important consideraticn ‘in planning
the direction of AF research. 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). o7

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 =nd 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 prerequisit+ decoding
skills which permit the oracy-literacy gap to narrow, after which the
skills then develop simultaneously.
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The extent to which cognitive content and processes 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 thls prop051t10n that the Literacy Skills Assessmen®
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), Vogabulary, and tracking. The first section will
yield a "potential” score indicating the discrepancy between the percon'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 readiag 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 cuestions are passage
dependent and open ended:; and 3) the vocabulary section is keved 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 rescarch and development. '

In view of Mockovak's literacy gap data and apparent problems with
the Career Bevelopment Course materials, the Air Force Human Resources

_Laboratory {(through a contract with the Human Resources Research Organi-

zation, HumRRO) 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.:l.2ag skills

that are required to accomplish the tasks. A similar approach has been
used to develop a functional job reading program for the Army (Sticht,
1975b); however, the nature of the Army's problem is rather dlffexent
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 (Functiomal Literacy Training
program. Also, data has been coullected by Dallman (personal communica-
tion) on HunRRO s Mechanic Job Reading Task Test. Dallman administered
the test to thirteen airmen prior to their entrance into tho vehicle
maintenance course at Chanute AFB, Tllinois, and found that scven persons
scored in the highest possible category and the range of scores was quite
narrow, llth-1%4th grade levels. Thus, there is the- indication that
attention must be focused on the higher level comprehension 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 transformaticns
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 materiuls will be
extracted (and-often modified) from Career Development Courses ~and
Technical Orders. Materials will be developed for use within ome or two
clusters of two or more career fields. If two clusters are eventually
pProduced, one will represent a maintenance (aircraft maintenance and

- "repair) and the other a non-maintenance (adminisi:ation/personnel) area.
If the prototype program is successful, it is 1lik¥u.ly that additiomal
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 furction as a.vital part of a total career education program. A
Reading Proficiency I'nit located at Lackland AFB might function in a
manner similar to :' ~resent wode 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 w.thin a
job context; and finally, .a reading/GED-type program could provide
access to that higher level of skill which is only attainabie over rather
lengthy periods. g :

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

The rationale for this study derives from firdings that instructional
techniques and sequences of information presentation have very little, if
any, impact on subsequent performance (Danseread, Evans, Wright, Lonyg, &
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

g and consequently do not actively integrate it into their existing cogni-
tive structures...(and) second, many students apparently do not attempt
to produrm multiple memory representations (that is, encodings) of the
same matcrial in order to enhance retrieval (Dansereau, Long, McDonald,
Actkinson, Ellis, et al, 1975, p. 12).

Following this reasoning, instructional materials were prepared for
three techniques chat, when used by the student, were expected %o aid
comprehension and retention: question and answer, paraphrase. and visual
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imagery (see Dansereau, Actkinson, Long & McDonaid, 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 reswlts shows no performance differences on the
imaediate ‘post-test, which consisted of 80 true-false, multiple, £i11-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 assessment passages.
Lased oo the findings and recommendations of this effor~ it is anti-
cipated that this area of -study will be pursued using joo-related mate-~
vials bath within the conventional and job-oriented training programs.

In summary, ‘then, the current Air Force 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 job and training materials. Both efforts described with respect to

" this latter categorygrely heavily on the manipulation of the forms of

informational representation;  such manipulation, theoretically, will aid
the integration of new material with existing cognitive 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 of the
"literacy gap."
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COMMENTS ON THE PAPER BY GROFF f

. " Samuel Gibbon

Children's Te. .v:sion 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 research 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 their standards. The
choice of selection standards and the resulting implications for the
marginal citizen may require some 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 cn®which literacy training in the Army might be under-
taken: that of the Army as a place which provides opportunity for the
marginal c¢itizen, and that.is a considerable social function for that

‘Armed Service to perform. e speculated that theréQW1ll be a good many

people who will enter the Army not xnow1ng how to Fead well, ar. offered
his conviction that people who do not know how to read want very much to
learn how! They may conceal that desife, but they indeed want c¢o. Thus,.
because the Army has been'successful in teaching many other skiils, it
could, if it chose, ‘teach these people who desperately want to learn to
read but have not, how to 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 success 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
davelopment.
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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 preceéding section dealt with cne main 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 % -'rran's review of readability research
in the Navy., e begius with a discussion of the terms "readability" and
"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 prediction of readability is attempted
through application of a readabiiity formula. Curran describes the nat-
ure and application of five readability formulas and considers the special
problem involved in assessing the readability of technical materia? 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. 1In additiorn, 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 ¢~ 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 measuremont concepts which focus on the cognitive
and language processing load which a text places on the reader. Siegel
concludes with a description of a comprehensibility measurement computer
prograi. '

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 norsonnel 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 the past has not
always been oriented toward its users, both in content and in orientation.

'
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The Army is attempting to deveiop 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, wast p2st evaluation of manual effectiveness has 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
rerformance, especially of maintenance and troubleshooting tasks. In
reporting on those efforts, Robert Johnson discusses specificetions for
the development of useful job performance aids (i.e. the steps to take
to cnsure the development of useable data) and the resulting character-
istics of the completed JPAs which contribute to their useability.

Job performance aids have also.been a part of the Navy's R&D cn 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 teclinical manuals. He discusses the key elements in
the Navy's technical documentation system and some of the problems of the
system with regard to the development of uscable technical documentation.
Muller concludes his report with a review of four ongoing effcrts which
attempt to provide assistance for the technical writer.
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READABILITY RESEARCH IN THE NAVY

Thomas E. Curran
Navy Personnetl Research and Development Center

A great deal of concermn has recently been voiced with 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 measurwd by readability formulas, almost anyone can
write readably. One simply uses short words and short sentences. Given
these, the '"readability" of the marerial will be at a high ("easy'). level

" 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 long 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. s

There is a second characteristic of writing that deserves special
attention— comprehensibility. 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 comprehenstbility. But the
position is taken here that they are clearly two different.concepts. At
this point in time, readability formulas cannot adeguately 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 irs
easy flowing style, it is also quite comprehensible. But examine the
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other extreme. (unlikely as it would be comivg from any rational author).
If the words in the rhyme were ''scrambled,” with the length of sentences
left intact, its readability score according to fornula would be identical
to' that of the original version. Yet its comprehensibility would be
reduced enormously. 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 written material, and

‘when the work is done carefully the two are at least moderately correlated.

But it would seem prudent to continucusly bear in mind that the former
cannot be directly assessed by means of existing formulas.

To further complicate the issue, there is really no psiut in speak-
ing of githar readability or comprehensibility unless the intended
audience is taken into accouant. Two characteristics of the audience
(other than general reading ability) are of prime importance: the tack-
ground knowledge possessed,and the degree of motivation involved. The

adult reader faced with the scrambled version of '"Mary ilad A Little Lamb"
might comprehend it reasonably weil because of repeated exposure to it

in the past, and mignht find it to be a stimulating (i.e., motivating)
puzzle-solving expgnlence The same strings of words seen by a child for
the first time would probablv be Incomprehemsible, even though the
irndividual words themselves couid be decoded.

Lest one be mislead by the above statements, it should bLe made clear
that readability dis NOT a trivial issue. It is a necessary, 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 hc has

been scymied by its difficulty at the outset. He probably will avcid

it From that time on, just as would anyone presented with a tome replete
with long words which he cannot decode.. But 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 =ven that simple. Material can be virtually unread-
able according to a formula score and yet cne 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 matericl) and reading ability, comprehension
ability, motivation, and background experlenre/knowlcdge {(all propyrtles
of the user) should proviue the overall model for any R&D elfort in
improving Navy manuals. °

in the third quarter of Fiscal Year 1975, the Navy Personnel! Research
and Development Center (NPRDC) was tasked to.investigate the arvca of the
readability and comprehensibility cf technical manuals (TMs).  An
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extensive survey of the literature was undertaken to determine the state—
of-the-art in this area and report 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 efficiently —automation .
has bécome 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 interaction between the two.

Readability Formulas: General

The most common method for predicting the difficulty of a given
plece 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'khown difficulty as criteria, computing a-regression equation on the
counted characteristics. Commonly, the criterion passages are developr:i
using the '"cloze" technique. This procedure, which is of concern thr~gi.-
out this paper, involves extracting verbatim passages from the materviu’
and deleting every nth word, replacing each with blanks of standard

-length. Normally, every 5th word is deleted, resulting in five v.r: icng
of tha test for each passage (deletion of words 1, 6, 11, ... n, v ro 3,
10, 15 ... n). Thus, each word in the passage is deleted once acrcss thx
five versions. . Subjects of known reading ability are asked to fil® in
as many of the deleted words as they can, without having first reac¢ the
intact passage. The reading level at which 50% of subjects can fiil iu
approximately 40% of the missing words is usually takea as the read: .,
grade level (RGL) of that passage.l This ''scaled" RGL is then used
the criterion for regression of the counted variables.

lRGL is comparable to, but nct equivalent to, school grade; .t is a sume-—
what arbitrary level at which a par:.:.calar grade student shou.d be able
to read with satisfactory comprehension. 407 correct cn the cloze test
has been shown !.. be approximately equivalent to a 75% s. re on a

multiple~choic.: test on the material.
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A5 an example, Bormuth (1969) used this procedure for deriving =
number of readability formulas. He examined, in an extensive correla-
tional study, approximately 170 different variables—such as vecabulurw.
syntactic complexity, and parts of speech—and their relationship to ihe
difficulty of written material. He first determined the correlatiosn of
each of these variables with the difficulty of 330 100-word passages as
scaled with the cloze technique. He then entered the variables inwo a
regression equation to determine which of them in combinaticn besz »re=
dicted the difficulty of the passages. The outcome of this study -as a
series of formulas, each designed for a different purpose, inceorpu  zting
the "best" of the variables for predicting the difficulty of other writ-
ing. )

The Flesch "Reading Ease" Formula

- Probably the most widely used (and most consistently power:.:) of
the readability formulas is that developad by Rudolf Flesch (1946 .
This formula - termed the Reading Ease (RE) formula- uses as varizbles
the number of words per senten:ze and the number of syllables per 100

words of text. The original RE formula is presented in Table '.. Tbis
formula was developed in much the same manner us described -uove, except
that the criteriun was a set of standardized passages raiher ruan passages

normed for the specific purpose by the cloze technique. The forma:la

indexes the difficulty of material on a.scale from 0 {(practic:tlsy i aread-
able) to 100 (extremely easy). Using this indexn, the RGE cnn le d-.tw
nined from a conversion table. The RE formula was devcioped and velidarsud
on children and civilian adults, with rezding matevial appropriase o
thags samples, and its usefulne:ns for assessing the difficulty nf ni:itary
€rchrnacal or imstructional writing is therefore suspect. In ordur io
overcume thi: problem, Kincaid. Fishburne, Rogers, and Chissca (i375)
recalculated the formula using Wavy enlisted personnel readiung hiy job-

relevant literature.? In the process of this recalculati:n, =tz RE formula

was also revised to produce RGL directly without having i :&iie the extra
step of converting ''reading ease" to RGL via a conversiom :-ble. The
recalculated version of the RE formula is shown in Table :b. The RE
formula has the advantage of bkeing riatively simple to coipufe manually
and is adaptabie to automatior as well. Klave, Rowe, St. John, and
Stolurow (2969), among cothers, have developed a computer program which
provides the RE index ba:red on the <riginal “lesch fnrmula. Tt remains

a faivly simple task to revise the program rfor the itecalculated version
of the formula. '

These authors alss recalculr ed twe other rformulas- the ..tomated Read-
ability Index and the Fog Covnt—which will be addressed at a later
point.
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TABLE Ta
ORIGINAL FLESCH READING EASE FORMULA

READING EASE

H

206.835
- 1.015 (words/wueateosa)
.846 (syllables/10 words)

TABLE 1b
RECALCULATED FLESCH READING EASE FORMULA

b

.39 (wdrds/sentence)
11.80 (syllables/word)
- 15.59

GRADE LEVEL

H

-+
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RECRUIT READING ABILITY (N=21,000) vs RTM DIFFICULTY (N=185)
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Figure 1. Comparison of Recruit Reading Abilities
and Training Manual Difficulty.

182

174



RECRUIT READlHG ABILITY (N=21,000) vs RTM DIFFICULTY (N=185)
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Figure 2. Comparison of Recruit Reading Abilities

and Training Manual Difficulty
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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 Trainipg Support "Readability Working Group" conducted an analysis of
all Navy rate'trainihg manuals (RTMs) to determine their difficulty
using the RE formula. Biersmer (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 Biersner, this formula will be referred
to herein as the Kincaid formula.)  Biersmer'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
fer advancement in rate. Twenty-five samples were taken from each of
thase 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, 507 of the RTIMs 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 interpreted with
caution, however. There 1s no one—tu~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' (Biersmer, 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 elements 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 'is clear that the value of writing can be accurately determined only
from within the framework of an overall model - 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 comparisen 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
vange 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 test is
at the 12.0 level. Figure 2 presents the same data in a different

176



perspective. Here, reading abilities are 1nd1cated by percentages from
grade 4.0 (and below) to grade 11.0 (and above). All RTMs whose diffi—
culty exceeded 11.0 according to formula score are bulked into the = = -
latter interval. Noting the cumulative percentages (again at face value),
it would be possible that approximately 24%Z of these recruits could read
only one RTM—the 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
Tequired 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 entirc sample would not be able to read
this manual. Clearly, our ability tc predict the difficulty level of
wiitten 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 hlgh reliabilities" (Biersner, 1975, p.
17).

Technical Terms and Measurement of Difficu]ty

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 js usually indexed in terms of the lengrl of the word,
the technical terms encountered on the jcb 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 yav
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 "difficult" does not ensure that it will appear that way to the
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
should be answered before proceeding with R&D involving the second
question. Additional formulas, and measurement considerations not
involving formulas, will be: discussed below, taking these R&D priorities -
into consideration. )

- The FORCAST and RIDE Formu’ias

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 variazbles in Army training literature, including words per sentence,
number of independent clauses, number of one-syllable words, and total
number of syllables. They were also dissatisfied with the traditional
readability formulas four use with miliEary writing:

The fact that formulas have validity coefficients of about

.70 for predicting the performance of school 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 materials from seven military.
occupational spacialties (MOSs) in the Army, uvsing scaled RGLs of this
material (based on the cloze test) as a criterion, and computed regression
equations with the 15 variables. They found thac the number of one-syllable
words alone correlated .86 with the criterion cloze 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:

20 -~ number of one-syllable words
10

FORCAST RGL
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Based on their results, and considering that this variable is probably
the most simple count to achieve reliably, the rationale for recommending
the one-variable formula seems sound. It should be noted, howev%;, that
others have found that the addition of a sentence-length variablel adds
vonsidarably to predictive power. Kincaid, et al. (1975), for example,
found that the addition of a sentence difficulty factor to the word
~difficulty variable increased the "coefficient of determlnatlon" (indicat-
ing the degrea 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 ths RIDE scale (an acronym for Reading Input Difficulty Estimate
sczle). The variable used in this formula is simply the average number
2f letters per work (lpw) in a passage. There are five levels which index
RIDE difficulty: Level 1 (up to 4.0 1lpw), Level 2 (4.1 to 4.5 lpw), Level
3 (4.6 to 5.0 lpw), Level 4 (5.1 to 5.5 1lpw), and Level 5 (5.6 lpw and
above). This formela would appear teo suffer from the same deficiency as
the FORCAST formula. That is, it considers only word difficuit and
igncres sentence length. Further, it remains to be seen how this formula
© would hold up with technical vriting containing long, but familiar terms,
in view of the fact that it was validated on the Miller—~Coleman passages
(See Aquino, 1969) using sclhool childran. This question should be tested
to determine its validity.

Carver based his work on che fjndings of Bormuth (1966, 1969), which
showed that the number of letters per word was one of the highest single
corrzlates of the cloze difficulty of 330 100~word test passages. Accord-
ing to Bormuth (1969) only the Dale "Long List' correlated more highly as
a2 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 |
has been shown consistently that word-length or familiarity accounts for
a greater amount of variance than dca2s sentence length. If one's major
goal is to devise a prediction formula containing only Bne variable,
therefore, the rationale for the RIDn scale would be sound. It seems
worthwhile, however, to pursue 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 extensive ‘correlational study using
approximately 170 different variables, of’#hich 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 réeferred to above. However, he
then went on to determine, using multiple regression techniques, which

of these variables ia 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). Two of these formulas. (termed "unre-
stricted") employ large numbetrs of varia“.i2s and are ciearly unsuitable
for other than very sophisticatéed ~ugomared computation. (Interestingly,
neither of these basic formulas includes lpw as a variable.) To
exemplify these formulas, and considesing the fact that automation

seems obvious to become the rule for thc uitimate 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 eight basic vari-
ables are (l) number of Dale Long List words, (2) letters per minimal
punctuation unit (and its square), (3) number of "rafereutial 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 'ciass 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 correlation’
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 the somewhat lower
correlaticns of the much more simple manual and macnlne computation
formulss -described below.

g Looking at the letters per word variable alone (as used by Carver)
and cemparing it to the two Bormuth formulas which include it and other
variables, the results are as follows:

(1) lLetters per word alone correlated -.721 with meaun 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 manuaZ computation formula, correlated .808 with
mean cloze score (and .833 in cross—v111dat10n ).

(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 corrélations 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 fo 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—val;ddt10ﬂ was accomplished by applying the formulab 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 correlations of .,3 and

-.94 between the RIDE scale and Dal2-Chall and Flesch formulas, r=spec—
tively, using the Mlller—Coleman passagas as criteria. He conc luaes that,
for thesc passages, "...there’seems to be little difference between the
predictive walidity of Dale-Chall, Flesch, and RIDE" (Carver, 1974, p.
12)4. These discrepant findings--both of the other formulas consider

sentence length and word difflculty or famllnarlry——remaln to be explained.

The Fog Count

The Fog Count, developed vriginally in 1953 by McElrcy 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 iavolves
simple counting the number of words of three or more syllables, the total
number of words, and .the number of sentences and entering them iato a
simple formula. Rather tham discuss the original Fog Count, it would seem
more appropriate to addresc the 'recalculated" Fog Count presented by
Kincaid, et al, (1975). Ac:cording to thsse authors, the revised version is’
Yyery similar" to the original except that a different subtracted constant
is used to redress a problem of over-estimation encountered with the
original. The Kiuncaid, et 2l. 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 errcneously to the difficulty of ‘the material.
For example, "General Eisenhower' (consisting of a totzl 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

be 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
dictidnary of 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 equally as well to the difficulty of
material designed for basic electroniv craining (e.g., "A" school) and the
senior petty officer on the job? Considering these questions, the research
involved would s¢em to be a difficult, but not insurmountable effort.

Carver points out, however, on the basis of later work, that the Flesch

"and Dale-Chall formulas seem to bé 'consistently' better than others.
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And once the dictionary(ies) is (are) constructed, there is the question
of whether the additional effott 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'" difficulcty 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. TFurther
reference to this problem will be made with regard to the Dale-Chall
formula below and 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 is based on average sentence length and the number of words in the
passage not on the '"Dale List of 3,000 Easy Words." (7This '"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) forwmula has
not besn validated in.a military setting. It is discussed here beocause 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
azbove. Again, presuming that the appropriate technical terms have been
identified, such terms could possibly be simply added to the Dale list,
Then, when encountered in text (since they are on 'the 1list"™), they would
be considered "known" or "easy" and not contribute to the difficulty index
of the passage. If reszcarch indicates that a technical dictionary does
improve our prediction ability for military writing, the D~C would be

_reconmended for use due to its "track recocrd" cf validity.

Other Methods of Measuring Difficulty

The above discussion has considered onl, the prediction of readability
by basically "statistical" methods. Mention should also be made of two
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 usi.g his "Rauding Scale.” A major advantage of-

‘this methed 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
Qualification Test" are asked to judge sample passages and categorize them
accordins to a set of six "anchor passages." Using the averzge rafing of
three su.* judges, a grade level for the target passage is determined. 1In

short, C.rver found the correlations between Rauding Scale judgments and
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the RIDE, Flasch, and D-C forwulas to range from .74 to .84. These
noderately 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 to read and uaderstand (than a statistical

" estimate would indicate). The major disadvantage of the use of h:man
judges in the assessment of readability and comprehensibility is simnly
availability-—availability of time and of personnel. For such a pruce-
dure to be used effectively with the vast amount of material with which the
"Navy is concerned would seem to be prohibitive in the extreme.

Another method for determining the quality of written material iz the
"cloze test" referred to above in the context of readability criteria.
There ‘seerns to be considerable disagreement as to what the cloze test
actually measures. Some say it measures readability; others use the terms
comprenensibility, comprchension, or understanding. Kincaid, et al. (1975),
for example, state that "...suhjects were tested for their understanding
of the selected passages using the cloze procedure" (p. 3, italice added).
Sticht (1975¢) says "...the cloze test provides a valid measure of reading
comprehension” (p.20, italics added). A number of writers (inclueding
Taylor'[l953], 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 nei cousistently
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 fairlw high quality is examined
there is consistently a moderate to high correlation betw-en cloze per-—
formance and readability as predicted by formula. But one would expect,
as the general "quality" of writing decreases, this correlation 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 cloze scores and
"comprehension” or "understanding.!" It is fairly well established that
.2 cloze score of about 40 45% corresponds to a comprehension test score
(after reading the material) of about 75%. But again, “t can be showm
that there are limiting factors. This author has condncted a relatively
modest pilot study in which cloze tests were administ :red 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. Jjnly 3. _.ubjecks out
of the approximately 50 tested was able to provide /wen 5 "reaconable" -
approximation of the passage content. Yet the mear cloze score cver all
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subjects was approxinately 40%. This would seem to be at ledst 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 #2tle 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 general®

It is held here that close measures comprrhensibility. Klare,
Sinaiko, and Stolurow (1972) take a similur position when they -y, ...
cloze measures the relative comprehensibility of intelligibility of
written material.'" To reiterate 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 thess [actors cawpnot be detectcd at all
by available readability formulas. The latter can be. t¢ some extent,
although the identification of those words which 2r2 fawil‘ar to a given
audience has not yet been satisfactorily accomplished. Y. :hese factors
(and undoubtedly others, as well) are critical to performan.s n a cloze
test. Multiple "embedding,' for example, would most Likely = . cloze
performance to deteriorate greatly. Consider the following s... 2uce:

£ 8t

=

L

"This is the malt the rat the cat the dog teased kiited -o:
that lay in the house that Jack builc."”

In this exampl.:—-a syntactically correcl sentence with a vilacivel
! V4 )

low level of diffic.ity accovding to formula--a person encounta2ring the

sentence for the first time would likely have a very difficult tinme with
a cloze version. Style~-thdat undefinable characteristic of writing--will
cause even greater prohlems. There seems to be little. doubt that rhe
smooth flow of ideas, with -few departures from the "standard" syvntax,
erthances 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 supplemeznr to a readability formula.
Given that a passage is readable (as predicted by a formulz), the close
performance of a set of subjects similar to the in:anded audience of the
passage should enzure that the material is also compr. hensible.

Assessing Job Reading Requirements

Formulas, judgments, and cloze scc¢ =3 all clearly play 2 rele in
determining the level of ability requi. .l by a user of written materials.
They do not, however, give any indicati.- ¢f the .~ading ability required
for a specific job or even of the readin; required for that job. The
Navy Personnel Research and Develcopment Center (NPRDC) and the Human
Resources Research Ofganization (HumRRO) recently set out to :eek answers
to these important questions. This research effort involves the dir.ct
assessment of job incumbents' ability to read and wnd..rstand job reading
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materials. It involves 2 structu.ed intcrview on the 3ob site in which
the men are asked to report what sp.cific reading they have undertaien
in the previous day or so thiat was directly conmnectad with their work.

.When a man reports that he .:ed .. specific portion of a spacilic publica-

tion to perform a specific job, he is asked to retrieve :hat same infor-
mation in the presence of interviewer. From this interview dauta, a Navy
Reading Task Test (NRTT) battevy 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 sc-led on a
sample of recruit personnel of known reading ability but not possessing
job-specific skills and knowledges. Once the reading abilitT reyuired
for each of the tasks is determined, they will be submitted to job incum-

" bents for judgments of the criticalitv of each and the fre:quency with

which each is performad. The final product will be arn inventorv of
various types of tasks and the reading level associated wizh eachk. The
inventory can tnen be used for establishing general readiny veauirecaents.
for mavy Navy training or job situations.: Ir short, the inventovy will
make it pussible to determine the nature.of reading tasks in a rating,
the criticality of each, the frequency with which it is performed, and an
estimate of the reading ability required in order to perform it.

It can be seen that, in one sense, this is an alternctive-ro the use
of readability formulas in assessing the difficulty of materials des®gned
for a specific joo. It has the advantage, however, of duterimiuing reading
abilities required for specific materials known to be used oun the job.
wheress usiry formulas, some (or perhaps much) of the material sampled is
not actuzlly used by job incumbents (such as "theary of operntioa" for
example). Put another way, the fact that written materials is "designed
for a particular job dves not necessarily mean that it is roeguired to
perform that job. Neédless to say, the NRTT method does not supplant

-the need for formulas, judgments, or cloze tests. When any new wat--ial

is sent into the field, it is obviocusly necessary to ensure, as far .s
possible, that the material will be satisfactory in terms of readabilitv
and comprehensibility. Whether it will be used, 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 the readine ability
required to perform particular jobs, it is hoped that information reg ‘ding
"readership” will also emerge. That is, does a gap between reading ability
and difficulty of required job reading materials influence the extent to
which men report using those materials. In discussing a similar studr for
the Army, Sticht (1975c) reports that "...the more able the reader, the

greoater the reported use of printed materials" (p.52).

Summary

Summarizing the area of prediction of readability and cemprehensibility,
it seems clear that not just one, but a nuamber of approaches should be
used to promote high quality written materials. Readabilivy i . basic
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characteristic and, in its operational sense, must be assessed according
to a formuls. But th's is not sufficient. The comprehensibility of the
material must b2 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

Predicting the difficulty of written material "after the fact" is a
major prcblem, buc equally or more important is the problem of producing
"readable writing" in the first place. TFor 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 sAZll can be
enhanced. This is the concern of this section, and in general, can be
cenceptualized as a three-part problem: (1) Can a writing style guide
be developen which will serve as a "job performance aid" for good writing?
(2 Given that a writer is both skilled and artistic in his work, can
Military Specifications be provided him so that his product conforms to
cur needs? and (3) How can we bést provide the writer with "tools" to
ensure that specified standards are being met?

~ Readabhility 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
procasses are inextricably related. The two processes can be thought of
As iterative; one writes, then assesses the difficulty of the writing,
chen 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 ztudies 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 as indexed by readability formula scores. In exarining 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 senteuce 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

.comprenension. At the extreme, it is clear that a writer with ulterior

motives could certainly produce writing that gets a better readabilicy
score and yet be less 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 waich is
critical to the understanding of how to make writing wore 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
sust suggested.” The guidelines put forth by existing style manuals are

based largely on intuition, with little, if any, empirical base. It may

be 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. Onc must conclude 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.'
Inforrmation 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 reviewiag 15 source books
(10 written socchLcall) for technical writers) the afrueﬂent amnong authors
as to specific suggestions was quite low. The suggestion '"use short words"
(for example), which one might expect all authors to agree upon, was men-’
tionaed in only #wo of the 15 books sampled. Outright disagreement was
found for such alternatives as "be concise" versus "be complete," and
"keep puragraphs. short" versus "vary paragraph length.” In view of this
appzrent uncertainty among "experts' on writing, it is not surprising

that much of our material is unacceptably difficult. It is felt that
Progress is being 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 ”Ruqu’rements and Criteria for Improving Reading Couprehension
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 teals
dealing specifically with readablllty and comprehensibility, in abbreviated
form, are as follows:

3 ” = - - -

This manual assumes that the writer is aining at the ninth-grade level;
his should be considered in interpreting the tests. An answer of ''yes

to any question indicates adequate readability (at ninth grade) on that
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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 paragrapﬁs average no more than
45 to 60 words? Are key points highlighted if the paragraph must be
longer? » T

4. Werds Per Sentence Count. Do the sentences average 20 words or’
fewer? Have compound sentences and complex sentences been avcided?

. 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 beaen used? Is each
graphic contiguous with the text in which it .is discussed or referenced?

It is believed that this manual (which also contains specitic 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 ccmparing the rewritten version with the original in terms of its
effectiveness.

Military Specifications

A second 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 . 3 3 .

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 thres or more syllzbles. Jther similar examples abound. But more
specifitally, with vegerd to specification of readability and comprehen—
sibility standards, most or all such documents are woefully jnadeguate.
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."/ Even those of us in the field
of readability/cemprehensibilitr (much less the eagineer/writer) -don't
really know what a typical high school graduate '"looks like." And taken
literally, manuals written to this prescriptiocn (if it were possible)

would automatically be excluded from usz in at least sowe training courses,
because the trainee would not vet have the "specialized training" required
to understand the manual. If would be comparsble to the employment adver-—
tisemeats wnich specify “only axperienced need apsly,” whea the "experience"
can be gairad only throuzh the employment.

Another, more basic Mii-Spec gives somewhat move expliciz directions.
It states: ‘Narrative text (those pawzas that consist of not iess than 200
words in consecutive sentonco: per page) shall conform the following

e
readability standards: The average sectence length (ASL) shall not
exceed 20 wocds. . .The average word length shall not ezceed 1.60 syllables...
The percent p:rsonal sencences (FPPS) shall noc be less than 157% of the
total."$® The pacticular [igures specifiad avre ceasonuable; if =uch stand-
ards were achieved, the roadsbiliry tormula szore would be at approximately
the 9th or 10th grade ]evel. Jut, one might wonder if some writers read
any further than where it says "...200 words in consecutive sentences...
Certain persons resnonsible f01 roduc1rg teclwical manuals have been
heard to say that "by definition" theirv writing never Pas more than 200
words per page in consacutive sontences. Ivis not to imply that producers
or writers of manuals intentionally write poorlv. Quite the contrary, one
suspects that. they take pride in their work just as any professional does.
But the fact remains that much of ocur 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 f..- 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 readahle writing.

n

j I‘-‘

7 - . . s . A
MIL-M=-241003, Manudl~, Technical: Functiomally Orienced Mainterance

Manuals (¥FOMM) for Fguinment and Systems, Jan 74.
i t
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MIL-M-63000C {T™) Manuals, Technical:; Gerneral Requirements for Manu-
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scripts, Dec 1920.
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Tools For Readable Writing

What tools could be prOV1de for w~1ters7 In general, the answer
involves the various methods of assessing readablllty and comprehensibility
discussed in the previous section. As indicated zarlier, prediction and
Production go hand in hand. Figure 3 illustrates the iterative process
that is involved. Inciuded in this figure are some examples of the tools
that might be provided the writer in order to produce an acceptable product.
Basically, we see the writer producing his "first draft," relying at the
outset primarily 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., long, but familiar technical terms) become better
understood, 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, wnich, when pressed to a working surface, trips a micro-switch,
which in turn activates a counter. Use. for counts of syllables, words,
and- sentences for the Flesch and Kincaid formulas, it would be equally
as useful for cowputing 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 Flasch formula by 46% over manual

'counts, with equivalent reliability. From the point of view of this

vriter, such-a dcvice might be considered as an interim technique. It is
recommended however, that more sophisticated p;ocedurea be y;nhﬂed for
future use.

At a somewhat higher level of sophistication are those readability
analysis techniques which utilize a specially modified electric typewriter.
These are the Automated Readability Index (4RI) and the Reading Ease
Assessment Device (READ). Given material to be analyzed durlng any typing
stage ¢f the production process, these devices (which are similar in tJ
design) allow the writer to determine the difficulty of his writing as it
is typed. Essentizlly, these devices take account of the number of
"strokes” of the machine to count the number of letters per word and the
number of words per sentencz to be entered into a mcdified Flesch RE for-
mala. They both require typing skill, however, which may be a drawback
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for some writers. 1In addition, their cost may be prohibitivz (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 wbove factors,
these devices are limited in that they provide only readability scores.

As will be seen below, improvemznt of technical writing overall actually
demands much more. ' ' '

At a higher level of potential, let us consider two possible systems-—-
one marketed by Scientific Time-Sharing, Incorporated, and the other
leveloped at Harvard University. ' )

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. llne to a central computer. Material is typed
at a remote terminal and, on signal, an almost instantaneous analysis of
the writing -is printed dut. A seemingly advantageous characteristic of
this technique is its ability to reduce *he 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 dlscrete word and as a polysyliabic word.
When subsequently encountered, it cdn be enclosed in bratkets 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
considered that the time-sharing system offers the potential for such
features as storing of technical terms in a lexicon and future automatic
exclusion of these 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
Lomputer Aided Revising, Editing, and Translating system (CARET I), and
was developed by Klace, Rowe, “t. John and Stolurow (1969). Like the
time-sharing technique discussed above, CARET I also provides readability
analyses after the material to be assessed has becen input. It is felt
that CARET I has at least two distinct immediate advantages over the
former system. First, it provides not one, but fZve separate analyses,
including the Flesch, the Fog Index, and the Farr-Jenkins-Paterson
revision of the Flesch formula. Secondly, it provides a triple-spaced

9 . - K
No bias in tavor of these specific developers is intended. Other similar
(and perhaps better) systems may well exist aqd not have come to the
attention of this author. 3
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printout of the inputted material,-indicating for cach 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 2 lexicon and many other possibilities to assist not
only in prediction of difficulty, but in writing arnd 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 mecre
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

- 1n 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&FE 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 eausal relationships with the ability of persons to

comprchend the written word.” And finally it suggests that present read-
abilityhfdfmulas, 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 come 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 produét 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.8.,
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 does 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=l 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 compEehensibility.

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 FOPCE TECHNICAL MAT:RIA]S

Arthur‘I Siegel
Applied Psycholiogical 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
pariially effective. Increasing the effectiveness of this written word
infermation transfer process is the thrust of most current Air Force pro-
gvams in the topic area of readability research. Specifically, the Air
Torce is concerned with increasing the comprehensibility of written mate-
rials, developing methods for diagnosing where and why written materials
are not comprehensible, and developlng automated techniques for assessing

the comprehensibility of written materials. Since technical training and
eduvcation represent a major aspect of the Air Force's peacetime activity,
and since a substantial portion of the training process involves trans-—
mitting information im written form, it is not surprising that much of
this rnoﬂath has been performed in a technical training context. However,
thieve is little reason to believe that the results and implicaticns of
prior and current Air Force werk are not mostly -generalizable to other
contexts; e.g., operations and maintenance manuals, bulletin board nOtlces,

o
and technical orders.

Partly because of the technical training orientation and, more impor-

‘tently, because of definitional problzms, much current Air Force work has
veored avay from media and format problems. There are, however, ;some

exceptions to this generalization (e.g., Davis, 1965). The definitional
probliem seems to arise from confusion among some reéearchers between what
iq meani: by “utility" as opposed to the meaning of "comprehensibility.

Jub aids are judged hy the criterion of utility; text is judged by the
critericn of conarehensxblllty. A text may be quite comprehensible, but

be of little use in certair operational situatioms. A job aid may be

quita useful in-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 encod:ng language ‘through the written process, media and
format problems are mostly related to utility rather than comprehensibility.
rehensibility and utility shonld not he confused. The differentiation

—

nou trivial and the .Air Force has tried to avoid this confusion.

LJ- L’j

Subsequent sections of this paper attempt to recapitulate current Air

Yorce trends relative to increasing the effectiveness with which students

crganize the knowledge encoded in the language appearing in their instruc-
tienal materials.
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Auditor, Suppiementation

A set of recent Air Torce studies has investigated the gain, if any,
that can be obtained from suppiementing written textual training materials
with auditory presentations (Sellman, 1970; Siegel, Lautman, & Burkett,
1974). 1In this technique, while the reader reads the textual materials,
the material is also presented to him through a headset. Accordingly,
the approach has beeri called auditory supplementation. The advantages of
the technique appear to be that it might (1) serve to refccus 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 Laberatory, found 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 Sellman's
findings. Although manv 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 lecarned. '

Comprehensibility Heasurement

The Air Force's cmphasis in the comprehensibility measurczent area
focuses on developing new comprehensibility measurement conceptis, 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 interpiay occurs. This overall approach seems to .ntroduce 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 with 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
‘tial 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 nigh school/grade school

situations which have little relationship to adult technlcal training

situations.

Th.= orientation of the Air Force's present work relative to compre-
henQ1b111*y measurement is on the assessment of the cognltlve and the
language processing load which a text places 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. Scme
support for the contention that cognitive processing aspects represent
a salient aspect of comprehensibility 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
proceSbvug required by a reading task." Additional support seems to
derive from the ongoing work of Davis 71975) at the Air Force Technical

Institute, relative to the effects of mode of expression on comprehensibil-

l"".

Within the intellective load structure, two separate, but relared
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- 1ntcl]ect model of intellective funcflon 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 lpgical 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 relationms, i
evaluation of symbolic 1mp11cat10ns, and divergent production of semantic
units Full descriptions of these metrics are found in Siegel and Wolf
(197J) and in Siegel and Bergman (1974). The Siegel and Bergman report
also presents the results of an initial validation of thesé€ 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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results. of an initial validation study relatlve to these psycholinguis-
tically oriented measures. Currently, cross validation and predictive
studies are also being performed relative to metrics.

-Automated Measurement of Comprehens1bﬂ1ty

The A1r Force's goal in the automated comprehen51b111ty measurement
sphere is the development of an on-line technique which will handle

the logic and calculational sequences requ1red to determine the selected

structure~of-intellect and pqychollngulstlcallj 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 durlng early months of 1976.

Obviously, a part of. the computer processing of text for publlcation
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 accompllsh functions such as automatic hyphenization, page
numbering, 1ndex1ng, page layout, spelling checks, centering of headlngs,
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 neEessary for performing the calculations underlying
the selected structure-of-intellect and psycholinguistically oriented
metrics. A parsing subrqutlne is included because of the dependence of
certain of these metricsjon 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 prlnted format, on cards, on tape, or on the term-
inal (in the 1nteract1Vﬁxmode)

The utility subroutiines include a dictionary update routine (needed
because many technical Words may not appear in the usual computer-stored
dictionary, a teaching ubroutine (to teach the user how to use the total

- program), and a number of stat\sg}cal 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 norm; 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

v
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NEXT WORD

c

RUN
INITIALIZATION

. INITIAL .

¢

R\ 2

READ &JCHECK RUN
INPUT. RUN SETUP. B=1

READ

NEXT BLOCK' \\

READ & SCAN TEXT
SETUP FOR BLOCK B

/ SCAN .

- NEXT SENTENCE

~

Y

RESET FOR START

. OF SENTENCE PROCESSING

RESET

/
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NO-BATCH SET UPFOR
| SEARCHFOR ) WORD W IN - >}, REPORT-ONLY
] NEXT WORD ?| picTionaRry? | NO- {NO MEASURES)
B - : THIS SENTENCE
YES INTER<| REQUEST, ACCEPT
- ' GET ACTIVE & CHECK NEW
DICTIONARY DICTIONARY INPUT
INFORMATION
SEARCH

y

MAINTAIN RUNNING
COUNYS FOR SENTENCE
AND BLOCK SUMMARIES

SENTEMNCE PROCESSING

COUNT

Figure 2.

INCOMPLETE

END OF SENTENCE
- - D

Analytic Sequence
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RUN ,
PROCESSING :
INCOMPLETE i

]
'

PARSE
SENTENCE
PARSE .
l
2 hR
CALCULATE STRUCTURE
OF INTELLECT
MEASURES -
MEASURE/S! ‘ N
\\
CALCULATE \\ )
PSYCHOLINGUISTIC )
MEASURES - \
AY
MEASURE/P "
SUMMARIZE SENTENCE OFTIONALLY
RESULTS & MAINTAIN LIST/DISPLAY
OVER THE BLOCK ~ SENTENCE RESULTS
SENTSUM SENTOUT
BLOCK PROCESSING
. 8
END OF mcompx.srg _ .
. BLCCK
CALCULATE > OPTIONALLY
MECHANICAL (RGL) LIST/DISPLAY
MEASURES C ~ RGL MEASURES
RGL RGLOUT
SUMMARIZE BLOECK _REQUEST: LIST/DISPLAY
RESULTS & MAINTAIN. CHECK -] BLOCK RESULTS OF
OVER THE RUN . ) - DICTIONARY CHECK
BLOCKSUM CHECKOUT
I uistioisrLay
REQUEST:| BLOCK RESULTS OF
MEASURE™ | MEASURES
. MEASUREOUT
LIST/DISPLAY SUMMARIZE 1
RUN RESULTS 1< 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 cngoing validation and extension of the metrics currently being
achieved. The rapid integration and application of tested comstructs into
the operating technical training system also seems likely to continue in -
view of the continuous, large scale, training mission of the Air Force.

Cne 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 textu-l 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

.diagnostic/prescriptive tool which will 'allow writers to produce texts

which arec more comprehensible to students.
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I
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 wriite.
materials, and to have shouldered the responsibility for making suckh
documents more effective. Rothkopf felt that civilian publishers,
universities, and school systems have been relatively irresponsibl= 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 made 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
Yecognizes 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 prggram 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 camprehensible on the
basis of some general measure derived fram 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,

201

212



U.S. ARMY RESEARCH AND DEVELOPMENT ON
READABILITY AND USEABILITY OF PRINTED MATERIALS .

i
»

Richard P. Kern

U.S. Army Research Insititue for the Behavioral and Social Sciences

‘INTRODUCTION

The U.S. Ammy's literatures research and development efforts will be -
described in this paper in terms of work addressing thrie problem areas:
(1) the reading difficulty level of the literature, (2) the content and
the orientation of the literature, and (3) assessment of the utility or
useability of the literature when placed in the hands of the intended
user, N :

READING DIFFICULTY LEVEL OF ARMY JOB AND TRAINING LITERATURE

The first major research which examined reading difficulty levels

‘0f Army job and training literature was stimulated by the Department of
Defense announcement of Project 100,000 in 1966. The implementation of-
Project 100,000 was expected’ to produce an influx into the Army of large

7¢- numbers of men with marginal or low literacy skills. The research

= Initiated by the Army in 1968, under contract with HuuRRO, had the broad
objectives of developing: information required to identify literacy skill
requirements of common, high density, Army jobs. Based on this infor-
mation, the most feasible approaches could then be developed to enable
the Army to effectivaly train and utilize the lower aptitude Project -
100,000 personnel.’ The resulting program of research carried out for
the Army under HumRRO VWork 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 to.Army R&D on job
and training literature, certain key features of the readability ﬁhd
Teadership findings will be summar ized here. )

Reading'Skill Level of Personnel and Reading Difficulty Level of Manuals

It was expected that one obvious point of difficulty for the
marginally 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 levels of low aptitude job incum-
bents with the reading difficulty level of their job literature confirmed
this expectation. However, this research also»indicated'that‘many of
the high aptitude job incumbents could be expected to have difficulty in
using the same literature. )

Figure 1, reproduced’ from the Work Unit REALISTIC report (Sticht,
et al., 1971), indicates that reading and learning from Army literature
is a difficult task not only for low aptitude personnmel but, also, for
many high aptitude personnel.’ This figure presents a visual comparison
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Reading Grade Level

Readability of Publications
Reading Ability of High Aptitude Men
Reading Abivlity af Low Aptitude Men

MANN

Cook

Repairman

N\

Supply Specialist

Figure 1. 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 skill levels of incumbents in three high density
Army jobs. Note thaz 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 cocks, however, appear to be reasonably geared to _
theé 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,

the recipe cards. '

A second, related set of results from Work Unit READNEED are
presented in Figure 2 (Sticht, et al., 1973). 1In this case the 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 Arny technical materials, was used in estimating reading difficulty
level of these manuals, Average reading skill level is indicated by the
vertical lines for three groups of Army personnel: Army Preparatory
Training (APT) graduates for FYs 1968, 1969, and 1970; Category [V job
incﬁmbents; 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 their 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 to have problems in reading and learning ifrom them.

Reading Skﬁ]Leve] :©of Personnel and Use of Manuals on the Job

Studies conducted in the fields of journalism and advertising would
lead us to expect that as the reading difficulty level of material
incfcases, readership or use of the material would decrease. TFrom this
we might extrapolate and assume that job incumbents with, for example,
10th-grade reading skill levels, will be more likely to use job manuals
written at, say, a l2th-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 estimatos were obtained during
interviews conducted with job incumbents. Using a version of Flanagan's
Critical Tuncident technique ggldﬁagan, 1954), each incumbent wis asked
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Reading Ability Level of; APT Category 1V Non-Category 1V
’ Graduates Personne! . Personnel

MOS N=9000 . N=800 ' N=800

71H20 Personnel Specialist

26020 Ground Control

Radar Repairman

£5320 Military Policeman .

!
\. .
. 76Y20 Armor/Unit Supply
Specialist
63B20 Wheel Vehicle
Repairman

11820 Light Weapgns
Infantryman

91820 Medical Spetialist

J RS B | /. 1

I
6 7 .. 8 9 10 11
- Reading Difficulty Level of Material

Uy

Figure 2. Average Reading Difficulty Level of
Materials in Seven MOSs.
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Percent of Maximum Possible Printed Citations
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70 |-

60 (—
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30".

A cook

20 |-
- O Supply Specialist

. O Mecnanic
10 —

0 L : 1 ' |
4-69 _ 7-8.9 . 9+
Reading Grade Level

Figure 3. Reading Ability ;nd lUse of Job Reading Materials.
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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, TFor example, if each man in a group had given the
maximum of five instances when he had ‘consulted 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.
Cooks show a much 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 earh of these three jobs are those presented
earlier in Figure 1. These difficulty levels, plus the fact that the
bulk 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 parcicular dish. In addition, they frequently reported that
they were reguired by their supervisor to have the correct recip2 card
in Efront of them while preparing whatever food they had been assigned.
These observations suggest that when 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., 1In contrast, neither mechanics nor éupplymen had j-°b 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 various tasks. While extent of useage of printed
‘materials is related 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, written at a high level of difficulty, and no requirement by

the supervisor that they be used, then, cxtent of useage on the job will

remain relativeiy low cven for the proficient readers.

Use of Manuals on the Job and Quaiity of Task Performance

_fth/reseafghrreyiﬁwéh‘;n the preceding section indicated that among
repairmen aﬁd>supplzm§n,'use of manuals on the job was positively-
related to reading ski}l level of the incumbents. However, is there any
evidence that use o hhnuals improves 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:

i In that research, job incumbents 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 Fhese Job Sample. tests,

@D,
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.
job manuals were available sé 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
cn 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
those who used manuals, performance was better for the more highly
literate men. _ Y

Initial Approaches to the Readability Prablem 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 personu:l. In addition, CONARC directed that a
reviev 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 (TMs) for which they had
responsibility. These analyses revealed that approximately 947 of the
CONARC w+aunls exceeded the 9th-grade reading difficulty level and, in
fact, approximately 657% had an average difficulty level of 1llth-grade or
higher. A frequency distribution showing the number of manuals at earch
rezding 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
literature 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 primarily or exclusively intended. Thus, readability analyses focused
attention 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 %o
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
Prociring. This work (Army Materiel Command, 1970), initiated before
the development of the FORCAST formula, resulted in the following recom-
tnended readability standards:

1. Average sentence length in narrative text should not exceed 17
words, :
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2. Average woxrd length should not exceed 1.5 syllables per word,
excluding technical nomenclature (mandatory) words.

-

3. At least 20% of the sentences in the narratlve text should be
personal sentences.

In establishing recasonable 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 qulckly
acquires familiarity with these words, AMC decided to exclude them in
computing the average numbBer of SJllaHLes (average word length) per 100
word sample. . Using three different formulas (Flesch, Gunning, and Army-
Dale) they reported romputlng reading difficulty estimates on a number

of equipment manuals using both the standard method of computation and
their proposed method of excluding manadatory words. They reporu that
exrlusion 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
raeading dlfflﬁulty level based on standard application of the Flesch
formula, drops to an estimated 8th-gradc reading difficulty level by simply
Kcludin" the mandatory words and substituting additional, consecutively
ocuurrlng, 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 tcchnical nomen-
clature words., Studies of job-cxperienced and new, or inexperienced,
incumbents’® familiarity with technical nomenclature, if conducted in the
Army, have not been rcported. One such study conducted in the context of
Air Force helicopter maintenance, suggests that the only job incumbents
who have a high degrece of famlllarlty with the technical nomenclature
used in manuals are the manufacturer's enp ineers (Jablonski, 1971).

USER ORIENTATION AND CONTENT OF ARMY TRAINING LITERATURE

In May 1973, the Army Research Institute initiated rescarch, under
contract with HumRRO, to identify user problems with existing literature’
and usér 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.

Siirvey 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 strictured interview (Showel and
Lrennan, 1976), Personnel surveyed included students, instructors, and
training managers assigned to Army Training Centers aad 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 training management at the

Company, Battalion, and Brigade levels.

Findings applicable to the general body of training literature
include complaints that information contained ir 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 1nformat10n in the manuals.

In general then, these interviews indicated that reading dlfflcult/
level of the literature, while recognized as a problem, was not considerey
as gceat 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 oue compact, easily accessible source.

Development of Guidance for Army Writers.

In addition to the survey of users of Army training literature,

Tesearchers conductcd interviews with Army writers and «ditors. The

purpose of thes nterviews was to find out what type of training or
experience wrlters 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 Lhese interviews indicated that writers
were gener.lly selected on the basiz of their previous or curren. .xfor-
mance as classroom instructors. In many cases the writing assignment was
added duty for an instructor.

In gcneral the purpose or functlon of the training 1Lterature, from
the writer's perspective, was to provide officizl, detailed, reference
support for the highly generalized lecture—~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 c¢f assembling, organizing, and recording all that was known
about a fLopic. They assumed that if a manual contained a reasonably
complete exposition of the topiec, 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 neceds.

Most of the writers interviewed said they did nor 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. Fditorial 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, however, that it could provide a basis for further training
efforts by literature management.

e Guidebook for the Development of Awmy Training Litercture
(hPrL, 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 to 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 for users

to locate information 1n a manual.

This guldebook, using an unconventional 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

Recognizing the need for providing literature or other media that
would more effectively support the individual soldier's efforts to learn
his job and perform hisg job, several Army agencies initiated development
of user-oriented literature. Thk U.S. Army Combat Armsg Training Board
(USACATB) served as a catalyst and coordinator of these efforts for
TRADOC and also rerformed the editorial and graphic design work for many
of the early publications. These early pnblications, aimed at the
individual combat soldier, were small booklets focusing on knowledge and
skills the soldier would need to perform a relatively specific combat
duty; for example, how to destroy enemy tanks or how to use camouflage,
cover, and concealment. Text was kept brief and colored cartoon figures
vere depicted as narrators. Efforts o catch the individual soldier's
attention included, inp addition to the use of cartoons and color, titles
such as "To Catch a Tank:: Big Game Hunting Made Easy". Each publication
contained a post-paid reply card requesting the soldier te provide feed-
baci regarding his reaction to the publication: whether or not he liked
this type of publication; whether or not he found the information useful;
and, whether or not he would like to see other subjects presented in this
Manner. Informal reports by USACATB personnel indicate that thesge early.
pPublications were received with enthusiasm by the targeted enlisted
audience. The use of cartoons, however, came under criticism by some
officer personnel who considered them undignified and demeaning.

Since these initial efforts to produce user-oriented literature, a
number of new equipment operator manuals have been produced through the
combined efforts of”Ehe\training (TRADOC) and the equipment (AMC) Commands.
These manuals were designed to Timit content to the operator's needs; to
present content by means of illustrations closely integrated with concise,
Supporting text; to avoid referencing from one page to another; and to

emphasize varnings by use of a second color (Braddock,.l975).

Crew members' duties and crew drill procedures for crew-served
weapons have traditionally been published in an FM while a separate TM
described the veapon, its operation, and maintenance. AMC and TRADOC
have recently completed and are preparing to field test a single operator's
monual containing all of the information crewmen need to operate and
maintain a given crew-served weapon (Braddock, 1975). ' '

The above are only a few examples of ongoing Army efforts co revise
traditional topic-oriented literature and prepare it as performance~

oriented literature developed to meet the ‘users' information needs while
in trgining as-well as cn the Jjob.

ASSESSING USEABILITY OF ARMY LITERATURE

As described at the beginning of this paper, early research focusad
the Army's attention on the reading difficulty level of its manuals.
Subsequent research and studies by Army management broadened this
initial focus to include the problems of content and the absence of a
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user-orientation ir the design and presentation of the information.
Now thati various efforts are being made to develop literature intended

_ to surmount these problems, the Army's attention is being further
‘extended to focus on the problems of verifying the useability of new

ranuals 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 for developing multi-media,
performance-oriented, self-paced instruction which can be exported to
Army field units. These coursées have utilized audio/visual, audio only,
and printed (programmed text) media. The audio/visual version of TEC
ie considered the "workhorse" of the program and may be nsed either on
ar individual basis or a small group basis. The developmental approach
used in TEC (Smith, M. 1.., 1975) consists of first identifyirs.critical
tasks to be trained; sacondly, analyzing each task to determine optimum
procedures and to identify performance standards; thirdly, using the

-Performance standards as a basis, developing “nrformance tests; and

fourthly, developing traininz to teach the siuicrmance toest. A majonL
featurc of t'w :ovolopmantal cycle is the regalirement that draft lesson
materials be -wvlrcted to usev testing to determine their effectiveness
in cyamunicating to the intendsd soldier population. Soldiers' responses
to self-study questions contaiuéd in the lessons, their performance on
pre- and post-tests, and their responses obtained during intervicws are
studied to identify the neced for revision of the materials. If roevised,
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 resulf in manuals which present otherwise com-~
plex information in the form of step-by-step instructions. Furthermore,
by using this approach- to éoncurrently'develop training and Technical
Manuals, it is believed that fewer tasks will be selected for training

vy

1It should be noted that researcHers dealing with the desiga of job and
training literature to support equipment maintenance .personnel had
been focusing on the problems of identifying coantent requirements and
developing user-oriented literature for a number of years prior to
rescarch reported in this paper. Fink (1967) presents an excellent
summary of conclusions, relevant to the issues, based on research
conducted for the Army up tc 1967.
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since they can be adequately covered by step-by-~step instructions presented
; in the manual. The Army Materiel 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 IT Task Analysis - This step will identify the specific
activities to be performed, such as the detecticn, removal, or.
replacement of a faulty part on the tank turret. In this analysis
optimum procedures will be developed by skilled iechaicians. 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 the 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 Develcp Doncumentation 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
validation. It is here that the training and technical data are
soldier tested to insure ability“to perform the job.

The demonstration will serve as a learning vehicle for the
Army. A full evaluation will be made to document: the benrefits
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 a 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). 1In 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

227 -

219




Q

ERIC

Aruitoxt provided by Eic:

these evaluations have been performance on selected job tasks while
using the same job aid or manual (experimental or comventional) the
soldier used during/job training (experimental or conventional).
However, since thegt manuals Were'devcloped 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
ver se,

The one reported Army research effort, of which this writer is
aware, that compared effectiveness of a new manual against an existing,
convanticaal manual zlso used.performance on several selected job tasks
as the criteria (Rogars & Thorne, 1965). In this study, new gradaates
of a missile maintenance course were carefully paired and effectiveness
of an experimental troubleshooting manual was studied by comparing the
nerformance 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 R&D projects that are seeking to establish the
effectiveness of new techniques or approaches. However, it is too cumber-
some and expeunsive 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 tha® he be brought to a special testing area and
perform under various other special conditions. As a result, in ‘thisg
type of study we learn very little about the operational utility (or
useability) which the manual pussesses for the man on the job.

Suggestions for Future Rzsearch on Useability of Printed Materials

We need to develop relatively inexpensive ways of assessing the
useability of printed marerials and of identifying design features that
wake 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 subsume the following characteri§tics

-of the printed material when evaluated in relation to a given user

located in his expected work or training site:
1. Design of manuval for convenient work-site storage.

As Highlander (1975) points out, size of a manual should be
chosen based on its purpose znd how it vill be used. While this seems
obvious, it is a consideration that is apparently frequently overlooked.
Manual designers and developers are not at the work site, Rccording to
Highlander, wmanuals for individual weapons which provide no reasonable
storage space should probably be pocket~sized. However, a manual for a
combat vehicle, which is required to carry a logbook, should take
advantage of the larger logbook size since it can be stcred with the
logbook and always be with the vehicle. .
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2. User's knowledge of, or training in, how to use the manual.

People generally learn how to read the different type of infor-
mation dispiays they commcaly encounter. 1Initial performance with a new
type of information display, e.g., the first encounter with a logic tree,
will .iikely produce confusion and, if useage is on a voluntary basis, may
result in avoidance of the manual. Studies'of various new types of job
aids have either incorporated them into the 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. Yase 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. ZEase of reading or comprehending specific procedures or passages

of information.

The problem of reading difficulty level have been discussed
earlier in this paper. With the shift to performance-criented printed
matevials, however, narrative text has been sharply reduced in favor of
what are, frequently, annotated illustrations. Figures 7-A and 7-B .
iliustrate this contrast in design of the information display. What
effect does this change have on the user's comprehension of. the infor-
mation .presented? We can predict comprehension of the printed narrative
in Figure 7-A by using readability forrulas. How can we assess and
predic‘kcomprehension of the information presented in Figure 7-B?

5. Ease of tvansforming Information or procedures to the form
required for task performance.

Improving ease of transforming informaticn 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: nformation,

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. 1If 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-mm Gun, M4841)
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Figure 6-A. -A Table of Contents — “Before"
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information scattered throughout a given manual oxr across several manuals.
‘This issue has been addressed by recent attempts, for example, to collect
all crew member operator informationm into a single manual for a given
crewv-served weapon (Braddock, 1973).°

-7+ Accuracy of inférmation.

& This is obviously an important characteristic and one that is
' dealt with extensively in papers presented at a recent Symposium on
techrical 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 to
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 expecthigher readership to
be associated with the more "useable" manuals. ' L

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 o

_Michael Macdonald—-Ross

The Open University

‘ Macdonald-Ross made many of his comments while critiqueinglfigures
Kern had presented from a guidebook for Army 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 ~patent is. Improper
use of these design features leads to confusion. He rointed out that
numbers mean order, though they are frequently used sinply to itemize or
to separate ideas. The latter uses can lead to a proliferation of numbers
and again lead to confusion in reading. A second major point made was
that expert know-how exists in the form of design specialists, expert
editors, typographers, table setters, and illus*trztars. Much of the
kncwledge these expert craftspersons Have . s implicit or tacit, and he
suggested that researchers should study these people and articulate
their know-how in an explicit manner so that better guidebooks and
training programs for text producers.might be devcioped.
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TECHNICAL ORDER USEABILITY

"Robert C. Johnson

Air Force Human Resources Laboratory

The useability factor hasg not always been a prime consideration in\
the development of technical data. Until recent years, the basic require=-
ment” for technical data war *o describe the system or component. The
maintenance requirements were identified, and to varying extents some
detailed information was given on how to actually accomplish the job.

The traditional Air Force Technical Order (TO) is a ldrge, 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 fllght
line.

In the past several years, the Air Force Human Resources Laboratory's
Advanced System Division (AFHRL/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 effo;t 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 processesl are required by our draft specification
for JPAs, contained .in AFHRL-TR-73-43. We believe that they 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.

!
i

i
Specific details on the content -and utilization of these processes are
contained in AFHRL-TR-73-43 (Joyce, et al., 1973a). The AD 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. ‘
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T.0. 1C-141A-2-4.G~4 |

T.0. 10-141A-2-4JG~¢

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 2log oil feed N
holes in engine gearbox and

restrict oil flow during j
engine operation. i

!
[
!
i
!
i
i
g
|

6. Lubricate fuel pump mating
splines (1) with engine oil,
MIL-L-7808.

CAUTION

‘ BN
Do not allow weight of fuel e ST FUN
pump to rest on shaft : “‘§°Q§TK:23\\A\
A . } ‘t.~.. ;
splines (1) during , k!
installation.  Undue weight

can impose stress on gearbox
.shaft oil seal, causing seal
damage. : ’

i A
.:N__,,Qj ,f h |

{
7. Working with assistant,
raise fuel pump into position. |
Align pinholes (4) in pump with
pins (3) on gearbox mounting /
flange (2).- ! ) B
8. Install fuel pump on .= .
gearbox mounting flange (2).

Figure 1. Example of Job Performance Aid Format
. and Use of ITlustration. -
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l. A maintenance task analysis - This process forces a thorough,
accurate, systematic look at the tasks required. Several intermediate
products are required to insire that all tasks are identified and
analyzed.

2. A formal user assessment — This process identifies and describes
the expected user of the TO0. The okject is to gather as much information
about the typical user as is reasor.ably possible in.order to write the TO
to fulfill his specific needs. Experience, training, aptitudes, readlng
levels, etc., are examples of. the kind of data collected.

3. A JPA/Lralnlno tradeoff - This 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.tralnlng and the
JPA. It also requires close cooperation between the contractor's technical
data and training divisions. We feel that this helps ensure éomplete 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 requlred These rules are developed in
consideration of the task analyst's kncwledge of the system, from infor-
mation from the user assessment and tha 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 thdt the writer always consider the user. We recomnend
that the steps be limited in size to no more than three sentences and no
more than thirty words. No more than fifteen words are permitted in any
one sentence. These limitations are guidelines, rather than absolute

requirements. It is desirable to observé 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 ilYustra-
tion, and to avold presenting excessive dotail.

7. Quality assurance — Specific quality assurance prov1510ns 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 writef shculd determine specific use require-
ments for the manual. Items of interest inciude where it is. tc be used,
how it is to be used, what activities it is expected to support, and any
special demands likely to be made on the manual.

C-141 90B 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 coupromise between the rather
relaxed MIL-M-38800A 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 fiight 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.

_ Thése TOs are currently being service-tested at Charleston and Norton
AFBs. This 90-day test is preliminary to Military!Air Command (MAC)-wide
introduction in January 1976. '

s
“

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
MAC, 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
before:job guides were implemented, We used a gquestionnaire that
expldined 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 personnzl who would be using job guides, but was not controlled by
"skill level, rank, time in service, or .shift worked. 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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interview during the initial implementatioa period at eack base. We
want to determine if there is a major change in attitude after repeated

~exposure to job guides. Thes2 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 result 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 enviromment. We feel that to be useable,
a T0 must have the following characteristics:

«« It must begtechnically correct.
. It must be easily understood by the user.

+ It must include all necessary data.

The data must meet the needs of the user.

2
3
4. The required data must be easy to find.
5
6. It must be easy to carry and use.

7

. It must be readily available.

Each of these topi-s will be discussed and the relationships with
the previously described development processes will be explained. The
procedures we use ko collect the data during the service test of the job
guides are also described.

Technically 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 1007
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 oxn the job. We specify the use of a task analysis, strong quality
control;. in-process reviews, access to the hardware, and 100% hands-on
validation and verification to ensure the technical accuracy of JPAs.
In the C-141 Job Guide Evaluation, AFHRL is not involved in evaluating
the technical accuracy of _the data. MAC and AFLC are responsible for
this aspect. We do.of course note and report all technical discrepancies
that we discover.

Easily Understood - Tec nical data that cannot be understood is of
little value to the usex ‘Readablllty levels are quite important here.
We have, however, ‘taken a sllghtlv different approach, and also empha51ze

the value of the illustration. We require a very close 1elat;gyzh
between thk procedurallzed step and the accompanying illustration on the
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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-the ‘procedure 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). This page 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 useability. By observing the job in
progress, we identify areas of confusion or misunderstanding. We also
interview the techunician immediately after the job is completed. Areas
of misunderstanding are identified, and the reasons the confusion occurred
are determined. '

All Data Included - ali 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 expected 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
e .gh that the user doesn't have to refer to any outside source of
imormation to complete the job.

Observation of thé'job in progress permits us to identify instances
vhen the technician searches for information in other TOs or from ther
people. ' ’

Easy to Find Data - The organization or arrangement of data within a

TO i an impertant factor in useability. A study by Losee, Alleén, Stroud,
and Ver Hulst, (1962) for the Aerospace Medical Research Laboratories found
that 782 of the maintenance people questioned estimated that they spent
more than 10%Z of the total job vime seeking information in the TOs im
order to work on an unfamiliar piece of equipment. We at . AFHRL just
recently replicated a portion of that study. The data :refstill 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
1 thirteen years ago. .The task of finding appropriate information in most

IOs can be a frustrating one. There are several ohvious reasons for this.

(1) The information is presented or orpanized in a pattern that may be

logical to the writer, but r ¢ to the uczer. The writer often thinks and
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FREMOYZ AND INSTALL RECEIVER=-
TRANSMITTER

SECTION |
PRELIMINARY INFORMATICY

tntroduction

s actlvity covers the comleta
removal from and Installation on the
AN/TPB~1A of the Recelver-Transmitter.
It providas. access-to the Elavatlon
Urive, the Elavation Follover, the
Yoks Silp Ring Asserdly, and +he
Azumith Drive. Install R-T Is part
of the slte set-up procadura. Ramove
R-T 1s part ot thu site disassemdly.
The Remove zctivity is alwaya pre~
ceeded by Remove Antenna, Volume 2-§,
pzge 5-1. The Instzll actlvity Is
2lways precesdsd by Install Yoka and
Elavation Drive, Volums 2-S, s 3~i.

Applicadla Serial Nurbars:

All

Speclal Teols ond Tost Equipment:

. H_érm

Supplles:

Seaiant, loctite MIL-5-22473
AFTO Form 329

ATTO From 350

Personnal Required:

One Technician, 20332
Three Assistants

Equipmint Conditions:

{intenna removed, Volura /-6, paga 5-1.
Azlmuth Irnteriock engs;sd. Eievation
Intarlock engzgad at +30 d=grees.
Rocelver-Transmi+ter bottom cover
removad.

JPA-31P2-2TPB} -2~

ACTIVITY INOEX

Procedure i Pags -

Removs Recelver— '
Transmitter 1-Z
Install Receiver—

Transmitter 1-10

REPLACEMENT PARTS .
9 O~rlngs, 5A20i} o
2 Consll Gaskets, 5A4GI, and G2
4 Connector Gaskets, 5ALG3-GS
3 Waveguida Caskats, S5A4G7-Gil
2 Seals, 5A4SE|l 2nd SE2 .

Figure 2.
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writes in terms of a good workino 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 h1nders a data
search. The bléck 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 Tquesearchers. At AFHRL, we
have tried to address these areas in our JPAs. We ask that a task
analysis be done, and that the viewpoint of the uszr be considered through~
out.  The task ana1y51s 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 relatlvely easy to locate specific infor-

‘mation. Because the datz 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-

~day names of an item be included in the index, along with the formal

engineering name of the part. We feel that the index shou:ld be alphabet-
ical by part, not by system or sub-systém (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 lccate 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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; _ JPA-31P2-2TPBL-2-3 /

EQUIPMENT ALFHASET{CAL INDEX

. . . S . Yolume . Pags |
. . . . - B l
Alr Clsanar, 132060250 , . - ]
Sarvice S . L 2=2 . . >-i - I
. . . . T . l
Antanna, -Radar, 7011-7100-}
~ s ) -
Install on R/T ) S 2-~1 : " 2-1
Install In Trenslt Froms 2-5 -1 |
Rercve from R/T ) 2-1 - 2~}

!

Remove from Translt Frame - 2-5 - ) LAz
Azlruth Brive, 70117500~ !

1

Assembla . . 2-6 - 1-1

Chsckout/Troubleshoot 2-32 -1
Dlsassembla - 2-6 . -1
Rapalr : : ' -6 >t

Battery, M375047-2
Charga ’ ' 2-1 . 1~

"‘Check Electrolyt : 2-1 : 4-1
Service : : . 2-1 : 3=}

" Boresceps Assemdbly, 7011-7800-1

Clean g - 2-5 5-1

Install i . 2-6 ] a4
Parove v : 2-5 . 4-1

.Condensar Prassure Switch, 1463-94 o

" Adjust " : 2-3 ) 3-1
Connactors, 19302733
Repalr : =16 8

Crankcase Pressure Regulator, ERY 2600

Adjust ' . 2-1 7-1

Crlmp-On Contacts, P/N 91038-3, P/N 91042-]

Rapuslr ~ See Connectors, 19302743 Regalr

Fﬁgure 3. Format Sample for Equipment'A]phabetica1 Listing;
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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 ¢f the expected user. Some specific infor-—

ation provided by these processes include what a typical user can be
expected to know, and what he should not be expected to kuow; what tools
and test equipment he can use; the reading level, aptitude and intelli-
genceé scores for the typical user; and general military and civilian
experience applicable to the maintenance tasks. These data allow the
many needs of the user to be met, whether in reading level, additiomnal -
detail to overcome lack of experience, specific 111ustrations, or tool
and test equipment instructions.

‘We use questionnaires and/or 1nterV1ews to determine whether the
neaeds of the user have sbeen met. We 1nterV1ew the user 1mmed1a;ely
after he completes a 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 page. 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
becomes dirty 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 of an accident or at least a Quality
Control discrepancy.

JPAs provide some answers to these problems. First, the 4 x 8"
cize 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 discouraged 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 primari ly by observation. Our
questionnaire alsd contains some questions on size, foldouts, etc.

Avnilabilﬁtv - 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 agencyff A smaller size of

manual is easier to carry and handle and thus is more likely to be
avallioLe when needed. Other aspects of avaiiability 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 Torce Military Airlift Command (MAC), store the ‘applicable maintenance

05 on board each aircraft. Organizations with fighter aircraft often

carry the ralﬂfenaﬂce TO0s ,in & line vehicle to make them readily avail-
.able. Other org aanathnS maintain the TOs in each work center and
_expect the user to carry them back and forth to the jbb‘locatioﬂ.

This data came from observing where TOs are kept and -how they are
obtained. Our questionnaire also contains some questions about availa-
biiity of TOs.

- SUMMARY

Useability is'a very important aspect of technical data, but good
niseability chavacteristics will not occur by chance. The development
processes described in this paper and more thoroughly discussed in
AFHRL-TR~73~43 help ensure that the needs of the user are identified
2nd met.

The evaluation criteria presented here are being used at Charleston
apd Nortonm AFBs. Thus far they have proven tc be realistic expectations
for proceduralized data evaluations. It is anticipated that further
refinement of both the development processes and the useability character—
istics will occur as a result of this initial evaluation of procaduralized
cata in an operational envirconment.

We believe that the recults of the attitude and useability studies
will greatly influence future procurements of proceduralized data.
CunLlnued rescarch of the develonment and utilization of proceduralized

data wili also benefit from these studies.
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"COMMENTS GN THE PAPER BY JOHNSON

Ernst Rothkopf

@

J . Bell Telephone Laboratories
1

In his: comments on Johnson s paper on the useability of documents,
RoLhkopf s main point was that there is a need to reccncile the archival
functions of ‘technical publlcatlons and the job support functions of
such publlcatlons within the same trairing system. ‘Archival documents
are Lrequently 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

:oLhex hand, is commlgggﬂ/to a partlcular fungtlon, and that function may
-change: job familiés may;be réorganized, systems may change, and so

forth. There is thus a need for constant updating. ROLhkopf saw this
constant updating as a particular problem for job aids. He ralged the
questions of whether job performance aids ought to be produced centrally
and, if so,‘whother updatings should also be produéed centrally, or
might local units produce their own updatings; he concluded that these
are guestions for future research on the useablllty of documents

[
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USEABILITY RESEARCH IN THE NAVY ' 2

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 orgoing within the Navy.

As background, an attempt will be made to provide an auprec1at10n of
the scope of a technical manual program within one of the five Systems
Commands, i.e., the Naval Air Systems Cowmand (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
manuzis for 135 aircraft models. The éctive"inventory contains 25,000
manuals. The total page count approximates thnree mellion pages , and each
new system rmqu1res more and more pages. Vigure 1 shows this grthh over

the past 30 vears, Approximately 60 million dollars is expended every
year to procure and update NAVAIR techmical manuals.

Technical manuals are not-written in—house. The bulk of major
system publications 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 smzll, producing technical
manuals,

The process of writing a technical manual is a long one. The time
interval frem the first step in the process until the actual publications
are delivered is typically 3-4 yeals. Unfortunately, however, the config-
uration of the hardware system ig constantly changing and, as a result,

the documentation system is in a state of flux. 5 an example, on a -
Tecent aircrafi procurement, the documen¥ation 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 fiuese 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 Srom paper to microfilm.
This change was significant, and use is radically affected.  Finally,
there are those changes that appear and no. one is quite sdire how to deal
with them. Ope such c¢hange 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 1970 reallzed a2 need for a research
and devolopmenL program in technical documentation. An 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 apd manufacturing is a data base
which serves two functioms. 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
Preséntednin 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 manuéi'problems? Each of these major compon-
ents was examined, starting with the user and working backward.

The reader/user establishes technical manuai requirements. He or
she essentially sets a significant portion of the warrant for our docu-
mentation system, Reading level, comprehension 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 littie can be dome

.about directly. All of these factors must be kept in a very delicate

balance. 1If they are not, the credibility of the documentation will
suffer and when that occurs, the manual will nof 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
conunication when a technical manual lacks credibilivy. As a result,
its useability can approach zero.

The technical wmanual 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.c., 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 wiil be addressed shortly. A process called validation and
verification is employed to insure that the conteat is accurate, but
this occurs affer the manual is written.. In terms of the format of the
technical manual, the available approaches are innumerable. There are
literally hundreds 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 enormuus amcunt of research
and evaluation into format. ' Typically, a new format is tested against a
"conventional" apprcach 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 belng undertaken 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 tuse of graphics in either a complementary or redurdant
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.

i

The last element in documentation production is the techhical writer.
It is here that the single largest contribution to useability, can be
realized. To this point, we have been dealing with the recipient of
information and the vehicle of communicating the information. NAVAIR -
believes arnd operates under the principle that in communicating infer-
mation, the responsibility lies with the sender. The sender in this
system 1s the technical writer. The 1life 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 petential
solution presently under devrelopment 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. He has varying impressions,
and I emphasize {mphessions, of the rcader/user and rhe working envirén-.
ment. Subjectivity must be removed from the process and supplanted by
objective methodology and ‘techniques. The ‘ability to verify writing
against actual hardware is nonexistent for the greater part of the effort.
In-process measures of rerformance must be available 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 Lo be acquired, aud
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 requiréments will be
-described in the remainder of this pap=ar,

Navy Technical Manual System Program] :

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

lThe 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 TMs, and then (3) design, develop, and test an integrated Navy
Technlcal Manual System which will provide effective and timely operator,
maintenance, and tralnlng data. NIMS will also provide improved operator

"and maintenance performance aids for the fleet, training community, and

shore establishment. -

NIMS 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 tha integration of the

- varlous elemrnts of the Systems Commands' normal operating systems.

This means that common functions will be.standardized unless they are
performed differently for ‘a specific reason. In addition, changes in
the state of the art that can yield a better deliverable product will be
incorporated. NIMS has developed a working model (see Figure 3) contain-

ing the essenjlal elements of a technical manual program. These alements

will be thoroughly examined and certainly expanded as the program develops.
Because the evaluation of the proposals for contractor selectiown is still
underway, further elaboration will not he undertaken in the paper.

Writers Guide

Technological advancements in aeronautical systenm design have trans-
formed the casually regarded technical manual into 2 desirable maintenance
teol. In many cases, its use has become mandatory. Tu these instances,
the maintenance technician can no’ longer 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 support concepts, automation, and microminiaturization
of system equipment have made the technician heavily dependent on the
manual during the performance of his duties. Because of this stcady
increase in the use of the. technical manual, greater emphasis is being
placed on data credibility and overall useability of documentutlon

" The quallty of the doc1.'1er1t:af':|.0'1 delivered to the fleet has always .
been of interest to those responsible for its preparation. However, thq
renewed interest in technical manual development has generated writing
and readability studies that have shown tha: the existing manudls are
less than interesting to read and are written at a reading 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 Jncrea31ngly evident that simplified
presentation techniques must be developed to enhance useage.

Technical writers, editors,’and illustrators will require. special
training to assist them in undérstanding and complying with these new
and innovative techniques and requirements. The development of a writer's
guide was undertaken with the intent of assisting in the est:bhlishment of
standard practices that woull ensure preparation of more ifitcrasting
documents and also meet accepted useability crviteria. It 45 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

to satisfy the urgent requiréments 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 mmual. Statements such as '"the prepared document

shall follow the ma’ nance concept and support policies" serve as
guidance; detailed ' - to" .information is not provided. The specification
becomes a vehicle fo- :pretion and acceptance control by quality control
personnel, rather th - . detailed development guide-for the preparing
activity. This fzilure to provide detailed preparation policies and
procr.dures has i “i.. zechnica. writer extensive latitude in writing
style, and the _ vo.or fpllows only vague guidelines as to what con-
stitutes a well-;. ....d illustration. As a result, the editor has been

left with the problem of interpreting subjective decisions made,by the
writer or illustrator relating to thelr interpretation of the various
°pec1f1cat10ns.

Many contractors have attempted to fill this void with company-
preparad style guides. The major thrust of these guides has bezn specifi-

. cation irterpretation and stzndardization. Whether intentional or not,

the company guides tend to meet minimum requirements that fulfill contrac- -
tual obligations, rather than prov1d1ng innovative improvements in- docu-
nmentation presentation.., A major drawback in the use of any specification
is that while it directs the quality of the product, it also restricts
incogporation 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 confiicts between
company style guides and governing documents are the result of the
contractor's attempt to respond to special requests by the 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 Systems Command
has developed a writing guide (Naval Air Systems Command, 1976) to provide
a single standard for preparation techiniques 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 imnovation is the incorp-
oration of criteria: affecting 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.

asN
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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 Comcept;
- the development of a technical manual, reoardless of format used;

- product analysis, task identification, and task analysis related
to the planning of =z technical manual;

- the development of new writing techniques;

- the preparation of comprehensive illustrations with emphasis on a
microform compatibility;

- techniques that will ensure credible and useable documentation,
through ‘the use of compreheusibility and readability checks.

. The Work Package (WP) Manual is user-oriented. It imprpves cn the
conventional manual in three general areas: organization, format, and
comprehensibility.

WP manuals are organized by functional task. The optimum WP will
provide all the informaticn recuired tc perform a specific maintenance
action in-one package, This will not alwvays be possible. However, if
tne infermation cannct ba provided in one WP, it will be provided in a
series of WPs. The primary task and all assoc1ated tasks that mzv be

. required to complete the job are organized in a manner that will require

a minimum of searching by the technician for his information. Iu a’
conventional manual, which is organized by type of information rather
than by task, it is oftéen 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 (mlcrofllm or micro-
flcﬁe) user. The format of the WP manual is designed to ensure total
COmpatlblllty with either production media: paper or mlcrofllm Minimum
type sizes have been stipulated for control of leglblllty. Illustrations
must be properlj‘programmeﬁ to support text. - Wiring diagrams and
schematics are tightly controlled. Line drawings are used in lieu of
photegraphs. ' '

The use of this guide with WP preparatlon specifications will add
eomprehenC1bL11ty assurance criteria specifically developed for the
improvement of documentation uszability. The goal is to simplify the
presentation of technical materizl and make it easier for the reader to
understand. This 51mpllst1c approach has been developed  through the
application of rules covering writing style, use of preferred words, and

- comprehensive structuLlng of text material strongly supported by comple-

nentary €igures and tables. Although .developed for WP manuals, the
comprehensibility assurance criteria can be applied equal;y well to all
technical manuals. : -
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Figure 4 is a summary of the cowprehensibility assurance criteria
provided in the Writer's Guide. The factors considered were not intended
to be exhaustive. 1In fact, if order te ‘encourage their use, there was
an activa attempt to minimize factors. Additionally, only those factors
that could be explicitly and objectively 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 vet to be validatad. However, the intent at this
time is not to "legislate" the criteria but rather to provide to the
technicel writer and in-house guality assurance personnel an appreciation
for- factors that comtribute to usezble technical manuals.

Computer Simulation for Job P:rformance Aids -

As a first step in this effort a literature search on jot performance
AT (Mrorb, Co Sakala & Smillie, 1974" -sas reviewed in wre

le, to
sut..ln o workabla operational defipitior various categorizztional
scnemas, The current trend of where th: 2arch is being done and what

kind o¢ research it is wus also assessed. flinally, the use ol computer
simulation as a tool for parformance aid analysis was expiored.

Xt was found that mest of the job perforﬂ~4te aid researchers were
active in the field for oul; limited period of time. During the years
1950 through 1973, 78 parcent of tae anthors in the field yroduced no
more than a single contribntion. This means that the turnover inr the
perfermance aid reszarchers was substantially high and thus cxcluded
formation of anw v;ablc base of scientists for furthering the t te of
the art in tnis area.

The growth rate in the state of the art was found to be rather slow
and falls far below the rates for other regearch disciplines. Tor the
years 1950 through 1973 there was an increasing trend, with the peak
occurring around 1%69-1971. One of the main reasons for this lack of

. . R -
exposure lies in the fact that the performance aid literature has mos tiy——.

appeared in government technical reports. This lack of circulation can
be atiributed to the fact that agency distribution lists are limited and
not all librariss are governmani U@POolLO-lES-. Only 32 percent of the
literature has appeared in scientific or technical journails.

A second step in this effott was the davelopment and testing of a
comuutcrlbed algorithm for the analysis and appraisal of jeb performance
aids. The proposed apprzach ma ade use of the graphical evaluation and
review technique (GERT) system (Pritsker & Happ, i9663. 1In a feasibility
study, the basic concepts and hypotheses of the approach were shown ro
be adequate for analyzing and assessing job performance aids.

P
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COMPREHENSIBILITY

"RANGE OF SCORES

CRITERIA TEST GOOD FAIR POOR
A. ORGANIZATION
1. Access {ndex/Heading 1 and greater S-— 10 0~ 5
- ?
’ Index/Pages 2 and greater 1-2 0-1
) Raference/Heading 0 0 - .05 .05 and areater
2.° Non«Verbal Proportion Graphic .50 and greater 25 ~..50 0~ .25
Propartion Misplaced 0 "] 0-.25 25 -1.0
Figuras
B. COMPLEXITY ' .
1. Chunking. Paragraphs/Heading 2 and less 2-4 4 and greater
Figures/Heading 1 S - 0-.5
2.. Proceduralization Proportion Procrgural .80 - 1.0 * 75 ~ .90 0-.75
Sentences ’
______________________________________________ S L
. Consistency Errors/Page 0- .02 02 - .05 .05 and g:eater
C. VERBAL QUALITY
1. Readabulity FOG inlex 90 andt less 9.0 - 10.0 10.0 and greater
Flesch HPdrln.lq Euase 9 and luss 9-10 10 and greater
2. Legibility Error;/_Page 0 N/A greater than 0
D. NON-VERBAL _
1. Pictorial Catlouts/Grid 1-5 S-7 7 and greater
Errors/Figure 0 0-.1 .1 and greater.
2. Schematics Camponants/Grid 12 and less 12 -15. 15 and graater
intersections/Gridl 15 and less 15 - 25 25 and greater
Errors/Figura 0 0-.05 .05 and greatar
____________ A e e e e e e el
3. Wiring Dragrams tntersections/Gridd 20 and less 20 - 35 35 and greater
' Errnrs/Figure 0 0 - .05 .05 and gseater
A
4. Functional Block Errors/Figure 0 N/A greater than 0
5. Tables Errnrs/Table 0 Q- .05 .05 und qreater

Figure 4.

Comprehensibility Assurance Criteria.
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Format and Media Selection Technique

Using GERT-III Z (Pritsker & Sigal, 1974) and CG-GERT (Pritsker, 1974)
simulation packages, a network model was develcped hy (1) determining or
defining the basic performance steps, (2) obtaining the time required for
Performance of each step by an Integration of experimental data and
reasures obtained using predetermined time and motion system (MIM) , and
(3) estimating the probability of error asscciated with the performance
of each ‘step {data obtaired from human factors literature). Once the:
basic network was coastructed, various paerformance conditions and
limitations or resources were changed. The wesults yielded substantial
statistical information on the effects of tha “various 2id formats on
performance time and errors (Smillie, Edsall, Sakala & Ayoub, 1975).

These results were validated in a companion cxperimental .study
which evaluated four types of performance aid formats (Sakala, 1Y753).
The formats examined were (1) print. (2) pictorial, (3) print and
pictorial combined, and (4) a hybrid group 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, rctary switches,
push buttons, pegs, and connectors. The subject viewed each instruction
and then located and perforized the indicated task. In addition to format,
the task steps were divided in HalF to compare the pevformances of each
set of twenty-five task steps; i.e., allewing the subiect o boesme
familiar with the type of instrictional {crmat as well an the apparatus.
Performance differences beaween males and females were also examifed.

Dependent measures usad were time (ive., combinzd time of reading _
the instruction plus performance of instruction), number of e?rors, and
number of times subject rcviewed task steps... The statistical analysis
found less reviews for the second half of the task .steps. For time,
performances on the seccond half of the task steps were faster but. inter-
acted with format type. For the sccond half of the tasks the print format
had the slowest time.whil: the combined format had the fastest. For-
number of errors, perforr .ace on the two halves were found to interact
with sex. Females had more errcrs than males on the first half. Females

were also found to improve in performances, i.e., fewer arrors on the

second half.

Future embellishments of the sinulation technique pldn to use the
statistical output to perform a cost/benefit analysis. This would allow
the determination of an optimum system which incorporates the minimum
of p&rforn1nﬁc times ana errors under prescribed conu1tLona.

1

As mentioned znrlier in this paper, tha Mavy typicaliy chooses to
apply a standard format/media technigue for all the technical documentation

.for a given weapon system. TFormat im this context rcfers to the content

and arrangement of information within a presentation. Medium rofers to
the means used > record, store, or display the informatvion. Generally

the display f-~  .re of the maedium includes the senses the aser employs
to parceive riic lisplay (hearing and/or vision). The stawt.:sd format/media
'
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| -
approach is used becausé of the efficiencies it allows in the production
ortion of the technical manual life cycle. There are minimum design
0sts and consistent technical manual products-are attained aven when a
/large number of vendors contri-ute to the overall effort. The decision
‘on format is made early in system design. Media in general, until the
advent of ﬁicroform_(film and fiche), had.been limited to paper.

A 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 addiuioral factor is technical wanual useability. }

Format and media decisions are made early in the svstom acquisition
Process. Thgzse decisions are made by Navy officials ac the project
management office level or by designated technical documentarion repre-
Sentatives, Equipment component engineers representing gevernment or

“-.contractor organizaticns participate in thase decisions. Coatracts and

.Budgeting constraints obviously are affected by these decisions znd,
oncé”mage, severely 1imit the degree of freedom in Tator drogran steges.
This effbr:,(Post, 1975) therefcre undertook the task o wetermining if
the selectidﬁ*of format uad media could occur before detaiied design,

and if, in turn,"preliminary design data affords sufficient information

to differentially aﬁﬁi _format and media approaches {prescriptions)
based on uzer dara requifcmgnts (warranis). The first “usk was ro cempile
énd categorize the system coniditions which have the potential to affect
tihe format and media of a maintenince svitem.

The study isolated ninereen systeﬁnqonditions which have the potential
to affect the format or media cf a maintenance information system.  These
conditioﬂs, as listed below, involve equipnent, personnel, and workspace
considerations. ' o

.

Faquipment . - Personnel D Workspace
ULE : rersonnel . D
Equipment Class Time to Proficiency . 1llumination

(Types of Information)

Equipment Class Personnel Turnover Workspace
(Access Requirements)

System Size Span of Supervision Wind
Equipment Distribution/ _Navy—Wide.ExperiencE '1\‘ vise

Layout . - N
Status Displays Rating Selection Scores Dirt
Sdpport_Equipment ’ - Safery

"N
O
\—

<



The study identified format and media features implied by each of
the foregoing system conditionms. Iwenty-nine format and fourteen media .
features were identified. - ' |

Format Features

1. Proceduralized troubleshooting 15. Test point .index
id : _
ards, . 16. Display index

. Deductive troubleshooting aids - . . .
’ g & 17. Topic—-oriented organization

. Int ted tr i i
Integrated t oubleshootlng.alds 18. Operator procedures
19. Debriefing guide

. R 2bili
eadability enhancgrs 20. SOPS for BIT set-up

. BIT outcome index

2

3

4. System descriptions
S . .

: 21. Proceduralized BIT usage

} . Pocket-size format _ 22. Locator pictorials by job
8. Work package _ . 23. Portabiliry

9. Proceduralized a%ds for 924 . General pufpose locators
non~-troubleshooting : _

10. Symptom/cause tables 25. Operator recording forms

11. SOP descriptions 26. Symptom collection aid

. .. e ‘ 27. earning features
12. Parts listings,/identifiers B L & t

13. Job index ?87 Job-relevant graphice

lé.lISymptom index 29" "Graphic density

Media Features

\

1. Centralized storage -;J8.”'Head/body—mounted © "ewers
2., Microform mode E 9. Disposable (printoucts)
3... Print mode : 10. Laminated materials

4., Neading portrayal 11. Mini—viewers (hand~held)
5. Re:ding and listening portrayal 12, ‘Motion portrayal

6., Sfelf-illuminating devices 13.- ﬁistening portrayal

7.L Large screen portrayal 14. Hooded viewers

Prescriptions, which are the application of specific format ahd\‘
media alternatives to a system condition, were then developed. As an
example, consider the conditionAof_personnel turnever, which may crcur
in either a high or low state. High turmover produces a work crew with
a large percentage of inexperienced technicians. Generally, the
troubleshooting zids typical of conventional manuals are too complex for

. lnexperienced technicians. The result is that a few experienced
technicians carry the troubleshooting workload. The proceduralized
troubleshooting aid is an innovative format developed to alleviate this
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problem. Xeszarch has shown that ‘inexperienced technicians can perform

i tfoubleshooting 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. D ’

The eighteen system conditions involving 45 states and their associ-
ated format and media prescriptions were developed. The output of this
effort is intended to be a guide. For ease of usa the major problem or
issues of presenting maintenance information were uased to orgaang\the
prescriptions into related sets. Specifizally, the user of the guide is
asked tc resolve six documentation issues by considering relevant ~

pPrescripiions. The documentation issues are 2s follows:
(1) System description fdrmat;
(2) Recording medium;
(3) Access means;
(4) Portrayal mode;
(51 Troubleshooting fofmat;
(6)IWOrkplace compatibility.
The remainder of the guide discusses the six information Issues and

how relovant brescriptions are used to resolve them. The discussion for
each issue covers the following topics:

(1) A statement of the issue; s

(2) A tabular summary of the formats and media prescribed
for each relevant state, and:

(3) Discussion of the rationale behind each prescription,
inclucing an illustration of the type of format or medium
involved, : o v
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SUMMARY .

The Navy is confronted today, more than ever before, with two
cardinal:.facts.of 1life. 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 systemaflc and dellberate fashlon.
Technical documentation is at a place similar to that of technical
training some three to five years ago. In training, the Systems Approach
to Tralnlng (SAT) and Instruction System Design (ISD) emerged. In the
near future it will be necessary to have a documentation analog, what-
ever it comes t¢ be called, Three of the four efforts summarized in
this report bear a direct resemblance to ISD/SAT processes 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 seeklng to create. an algorithm similar to
the training media selection processes contained in all ISD/SAT models.
The analogy with the job a2{d simulation techniques is likewise obv1ous.

The second fact of life is that there must be continual cross
communication, fertlllzatlon, and a catalyst for the 1ntegretlon of
relevant efforts in documentation research. Certainly the NIMS program
described herein has this potential. Although the primary goal of the
Department of Defunse 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 on- the—Job performance. .
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COMMENTS ON THE PAPER BY MULLER

-George Klare

Ohio University

Regarding Muller's paper, Klare coémented eon the staggering effects
of the large numbers and the costs involved in the Navy's technical
manual system. He suggested that computer—based storage manuals, with
terminals 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
comprehen31on or other aspects of information proceszing. Xlare noted
an existing natjonal library netwerk 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 eofficient 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., ¢1naLiy Klare peinted to the- need for further research to
better understand and improve the useability of manuals
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PART I1I
OBSERVATIONS AND SUGGESTIONS
FROM THE CONFERENCE
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INTRODUCTION

-

The Conference on Reading and Readability Research in the Ammed
) Services served to bring together informed military and civilian personnel
te consider the past, present, and future course of military R&D in the
areas cf reading, readaiility, and ‘useability. The question "Where do we
go from here?" underlaid the Conference discussions; =iggested answers to
that questionjemerged from the major Conference activities: (1) the
Presentation of perspective papers by personnel reprusenting 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, L\\\
and (3) the general exchange of ideas among the conferees throughout the :
Conferance, '

Some reccmmendations for the general trend of future RuD in the
Services have been presented in the papers in Part I of this volume. Part
II contains the perspect' papers and recommendations for future
Yesearch and actions. T pfesent'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 Armed Services. All of
these sources were, in turn, influenced by the informal interaction among
conferees in response to the perspective papers that were presented by’
research personnel for and from each Service.

Ttiv. source material for the combined observations and suggestions
consisted of the following items: ’

SR 1. Brief idea papers prepared by the civilian cousultants, whe 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, Trénscpipts 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 thke Working Group sessions,

4. Transcripts of the fecorded statements of research and develop~
ment needs delivered on the last day of the Conference by operational
~Personnel from each of the three Services.

The' starting point for the compilation of recommendations and suggest-
lans was the idea papérs 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 various observations and suggestions into
topic areas,
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After this combined paper was propered,,*he Canference tranSLrlpts 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 apploprlate section. Thus, the combined
Paper, which begins on the follow1ng page, brings together observations and
suggestlons from the entire Conference. ’
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OBSERVATIONS AND SUGGESTIONS FROM THE CONFERENCE

-

GEMERAL RESEARCH AND DEVELOPMENT CONSIOFRATIONS

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 & common data base and provide for regular meetings for repre-

entatives of the services to share practices, results of evaluatiomns, and
other research on their literacy programs. One mechanism for doing this
would be an Interservice Committee. ' :

It would he 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.

Increasad Interaction Among C1v111ans
and Military Research ,and Development Groups

Eoth the wmilitary and the civilian research and development groups
could profit from increased collaboration. University-oriented research
appears to be better crganized in some areas than the military's, but
suffers from a lack ¢f practical focus which the militar&fcould provide.
Similarly, the military literacy programs provide ideal labor:atories for
instructicnal research. Perhaps this conference will encourage the wili-
tary and civilian research and development groups to seek cocperative
resezren and development efforts with each other.

RESEARCH Ot 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 wobld be particularly useful for those below a fourth-grade level and
alio 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 literacy 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 (dysleéxia). This intensive study should include
an evialuation 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 ncademic skills, e.g., math; neurologicel and psychiatric examina-

tions; and & 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

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 dlsc to the
general population. Indeed, studies of "this kind on civilian populations
selected to bz roughly similar in socio-economic background to their
counterparts in the Armed Services would 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
qiestions as the following: What percentage of the men needing 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 discrepancy of two or more years betwean reading
achievement and mental abilitv? What percent are reading "up to their
capacity"? What percent have medical problems —neurological, psychiatric,
etc.? What percent had.pcor schoscling? What combinations of these and
other factors seem to bhe 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 fo expect from them in
what amount of time. '

Decoding Skills

The role of decodiug 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 al¥ready been
exposedgto 1n1L¢al reading instruction, but have failed to reach the level
of mastery required for job tasks.

One approach to this area is to device (or borrow) a decoiing test,
based on made-up (synthetic) words and administer it aloung with a general
reading test to a cross-scction of poor readers. By czamining the rela-
tionship between the two tests in detail, the scope of the problem might
be seen.

w

Comprehension Skills

The question'of comprahcn51on is not a simp’e one. Most people would
agree that to use the term "comprehension' for_ the full range of skills we
are concerned with is to den/ the complexity of the problem. On the one
hand we have something we might call word meanings or understanding of
vocabulary. On the other hand, we have the much more complex skills that
are involved with organizing complex relationships and with search
strategies. Clearly, we neced more work in conccptua117an the area of
comprehension.
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indirectly, is reading/prv. essing stratecy. A person who nas read

Does a “comprehension™ unique to reading exisc? If not, ther what
has been labeled as comprehension pr wlems iu the past needs to be re-
evaluatad. One hypothesis is that ol msoterials which are understood by
listening, the only barrier to reuading comprehension is speed of word
recognition. Given a limitsd hwaan processing capacity, whatever
capacity required for :écognizing words is not available for comprehension.
This hypothesis can be—and stouid be — tested empirically. Speed of recog—
nition can be measured, as can listening and readingz comprehension. The
relatiouship of speed of Tocognition t cemprehension ability can there-
fors be determined for . sariety of different types of materials.

Cue factor vwhie™ this :vpochesis Jues votr consider, bowever, except
a lot

of barcls descriptions., for example, usually develops an ability to
orgasilze the iaformation which he reads in 2 manter thar faciiitates under-
standing. A novice, on the other ~.nd, is usuzlly overwhelmed by unit
numbers, attiack directions, cquipment lists, and command structures, even
if his general reading ability is high. Further attention in both research
and training should be given o reading strategies-— that is, £o lew good
readers organize asnd recall complex informatien din reading.

Tre Automaticity of Basic Skills

rundanental to thoe dncoding and comprohension skiils discussed above
S Lhe importance of a ighy o ‘wa of pracltice and overlearning on the
skills chat form the basis for sher level learning and compecence.
Research has pointed out rhat Froquently a significant difference between
individuals who ar¢ good and poor at reading comprehension is not neces—
sarily skill ;= ; wer levels of undevstandiag, but spoeed and accuracy in
simple word decod:vuyg, a basic ceading skill. The necessity of spending
additioral =ffort and using additional memory capacity on very basic
skills which should be nerformed rapidly and automatically detracts from
the ability to get meaning in the cour;: of reaiiung.

[

Furthermore, as reading pas=ages gel more complex and as basic word
decoding skillis are mastered, there iz the additional necessity for auto-
maticity to lake place iu tarms of highes level units; i.e., in terms of
syntaciical sentence units. . The inability to carry out these fundamental
processes rapidly werloads an individual'e coguftive capacity and
detracts from the capacliy tu abstract meaning from a passage. The

~situation 15 not unlike awpertis.: in a sveo o like tennis, where lack of
mastery iu the basic .strokes n-crferes - Lhe abilitv to incorporate

nigher order voutines and stratezies. The individual's capacity is over-
loaded with concentrarion on the basic skills; development of automaticity
in these skills would [reo him for higher level perfovmance. Research on
the nature and developmenc of automaticity in retrieving the basic concepts
aad using skills that underlie functional ioh literacy, general literacy,
and instituticnal licerncyL veuld seen to he a research and development
activity vith high payoff. ' )

1, ‘ . ST . L .
These terms are discussed ia the following saction.
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CONCEPTUALTZING THE NATURE. OF 'LITERACY. AND OTHER COMMUNICATION SKILLS

Concepts of Literacy -

During the confercnce, an individual in the Armed Services was
characterized in terms of three kinds of literacy: functional job
literacy, general literaecy, and institutional literacy. Funciional job
Literacy pertains directly to competence and expertise on a iob. It
involves .the knowledge of impurtant job concepts and the relationships
between them, the ability to perform complex skills and routines, and
the ability to be abie tc use and retrieve these knowledges and skills in
appropriate situations in an efficient manmner. Functional job literacy
can be significantly influenced by job performance aids of many different
kinds. : : '

Significant questions were raised in this area. One pertairs to the
relationship batween job expertise and abilities in verbal iiteracy skills.
The strength of this relatiomship varies for different jobs, #nd might
there nct be a tendency to. "overliieFacize" the requirements Iov paviicular
jobs? Training may be designed so that it is more verbal than it vhould
be, since there is an instructional bias for teaching and testiug in a
verbal manner. Verbal teaching carries with it elements of prestige and
ofczen is easier to carry oui. A second question pertains to +ha rocogni-
tion that iob expartice iivalves the development of a network of concepts
in the wmind of a competent individual. The question raised is how various
job concepts are intervelatad for the expert, and how this diifers from
the knowledge structures of the novice or the less competent individual.
Current advanced research in cognitive psychology is beginning to develop
ways of displaying "co .ceptual semantic networks,” and the techniques of
this kind of research may be useful in describing how knowledu. iz orga=—
nized for the expert so that such knowledge relationships can hi: duplicated
through appropriate traiuing and expericnce in less competent individuals.
Similarly, longitudinal studies and contrastive analysis research on the
functional job literacy poerformiunce of good and poor readers may wiold
knowledge which could be incorporated into appropriate Functionail o
literacy training for tho pooc readgrs.

General. likercsy pectaing essentially to the kind of lireracy that is
necessary in order to be able to enter training programs  leading to
functional job literacy. This kind of literacy involves basic intallectual
skills; i.e., certain levels of competence in the basics of roading, writ-
ing, arithmetic, and foandamental cognitive skills like those wmeazsured by,
varjous aptitude and inteiligence tests. The deviolopment and snhancement
of general literacy skills can increase lateral m:. iLity so tha- individ-
uals are not restricted to a faw job specialti-¢ .od nave a widues choice
of available carsers or school possibilities.

Twe approaches to developing general literacy are possibtie
approach involves the direcr teaching of tha skills ard competern:ies that
are to be leavned in a2lementary school and junioy high school. This is
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simple enocugh to state, bt oftea-difficult to impiement, because of
various motivational facrors or an individual's Ffezling of not bairg able
to .get started, ete. Oua Interesting possibility for breaking down chese
barriers is to begin individuals in functional Jjob training programs [icst
80 that they can learn by hands-on experience and with a minimum of wvochal
superstructure. This initial experience could provide individuale v [ .n
some feeling of competence and the ability to carry out interesting Jad-
useful duties. Once an individual develops a basic ser of job conacii.
and related job skills, a knowledge and motivational structure may be
established that eacourages and enables the individual to learn general
literacy skills that- can permit him to advance further in his job. 1In
this way, the gercral literaew block might be broken because pousibilities
have b=en opened for which these skills seem highly relevant and important.

A second and long-term research approach to enhancive poheral literacy
skills is o carry out bosic research on the cognitive processes rhat
underiie the nature of intelligwace and aptitude. t the present tina,

‘this kind of research is notr too abstract nor far-fetched. HNew ruseacch

endeavors are investigating the processes thar underiie hie psvehonetoic-
ally measured encities of inteiligence and eptitude. Tese entiling now

are being interprected in terms of cognitive information processing sliills

that may be amenable to srecific training.

Institutional frbnecrsy involves the information and general koo tiow
required to get along in *he military setting. This includes the ity

to understand regulations and v pacticipate successfully to thosce
activities which contribure to onc's advancement. ‘

Literacy, "Numeracy", and “Dexteracy”

The emphasis of this Contforénce on reading and readability leads to a
concern about the Yoverliteracizing" of training, even though there is
excellent work going on that attempts to decrease literacy requirvemencs in
job manuals by including more pictures, diagrammatic explanations, ete.
However, it neceds to be reiteracved that individuals can leacn in different
ways, and. that for szome iadividuals, inicial zmphasis on verbal skill may
not be the avenua to further comperence.  The road to competenco might
best be approached by initially emphasizing hands-on dextericy by which
individuals can develop expertise up to a point which can then incorporate
necessary verbal components. S$o, in addition to literacy, Glaser used the
word "dexteracy" to emphasize the. fact that literacy in onr socicsv may be
overemphasized to the axtent that the dictionary does not contain sush
words as mumeracy and deslheracy .

The fact that individuals learn in different ways means thar research
must seriously examine both the verbal and pariormance components ol
training and the particulur strengths of dindividuals being trained. and
optimize the yelationships bhetween the twvo. There is 2 nice
illustrate this point thurs velares to taking advantage ol the .
strengths of Individuals ond adjusting training accordingiy. “The cbucdy

crannlae o
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(Wing & Wallach, 1971) concsidered the characteristics of students who
apply for admission to coliege. Examination of the workingzs of an actual
college admissions committee ifidicated that the usual procedure was to
give strong emphasis to standardized Scholastic Aptitude Test scores and
to high school academic achievement in judging the acceptability of
applicants. Less recognition was given to outsjde-of-s hool 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 selection procedure resuited in the selection of
an admitted class whose membership differed substantially nv some 50 to
60 percent from 2 clzss admitted by the traditional practices. Further-
rore, the hypothetical new class represented a wide specirum oi attain-
ments and performance capabilities. This kind of study svggests tunat
selection procedures of the traditional variety tend to vestuvict the
possibility of adjusting tu the performance capabilities of iwdividuals
in order to maximize success in various occupations. ILf this huender
range of capabilities were considered, educational content and toaching

. 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 colisge populaticn, the
emphasis on adapting to special attainments derived from eithevr 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 cxpertise from which they could have
been precluded by an overemphasis on "literacy! as compared to "daexteracy.”
An interesting xesearch acrcivity would be to apply the tactic ecwploved by
Wing and Wallach for a population like that ‘entering the military services.
An important aspect to consider in this regard is that people con develop
higher levels of specific talent that may not be correlated with measures
of general verbal literacy (I4). FExcellient chess players, mechanical and
electronic experts, for exampic, can achieve competence through largely
nonverbal routes, such as the -visual modeling of others’ performance and
practical experience.

Measuring Literacy and Other Communication Skills

Measures need to be developed for the Armed Forces, hasad rot only on
reading, but also ou writing. speaking, and listening. The liscening
scale is neceded to determine whether a recruic can comprehind oral English
sufficiently for a task; if he cannot, a literacy course would bo 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 wricing uare equally important for some militar, tasks,
1

yet seldom receive the attaontion which reading does. A scinle develeped
for listening and reading could be extended, with some wodificatricn, to
& 13 > b]
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'goals; whether thay are useful even at the elen

meadasurenent of shor. - orF

P

epeaking and writing. Hop2fully, competonce in chese 2aCCoee L Ui Lis
will be (or ig) onsiderad for premo £ion. '

Ld be noted ohnc already a fair perorniage af moy vacyeies,
Lally inte tha army., do noc speak 1izlish as theiv native
L nnit Lz;thn of rhin manpower resource requiras that ora’ Yngldish
& assessed and taught. In Bailding such tests, it shonld be po s out
nat grade level norms are nor satist facrory cr iteria for adult 14 "“”V
entary levels 13 debazable,
Besides their arbitrariness, grade level norms are based upon vocabulary,
subject matter, and syntax considered appropriate for elementary children.
To apply these to aduits is in part Inconsistent and in part deprading, A
more useful approach to setting reading criteria could be based upoir che
Job Reading Task Tescs which nave ilveady been develovpad fow the army.
LE the zoals of Armed Foreo, licers ICY programs are t.osk Lent then
task-~oriented Criverin are far more appropriate than criceria based on

general vocabulary and comprehension.

=
L
il )

fndga,

\_/)

LITERACY PROGRAMS AMD TRAIIING SYSTEM £0HSIDERATID

The Study of Literacy Training Processes

Tn the presentation of training studies, mush concoarn was SRV LO
solection vari: Whlca, fo she macsuremens or vunpul achicovanens, o oo
£ tern ef focts of training on ioh :
Loss detailed attenticn wis siven o wlot actually hauﬂﬂwwd'du*?'“

ing. There is obwious attention to fhe develepment o craluin Ne
and to the comparizon of different forms of training. Unwe" ttic
utdd/ seems o be made of the deatails of actual training me-ymenrntions.
Tor’cxdinLe, whoen training merhad A s compared with training method 3,

the progeams are describad ont ¥ in terms of gross componantu: Gicvie infor-
mation is provided about che uctai}s of how they are actually impienontaed
and about the dimensious of cach that were successful or the dimensloas
that were unsuccassinl. It is difficult to compire brand X apgainst brand W
primavily by thaoipr labels. fr 5a necexssary to know wvhether actunl trai-inw
conditions were Lerter for one ohan the other, whether field conditic
reduced one to beint the wsane a4 the other, whether one iavel ool

group of instructors, or wierher one vermitted more time to st

Whit is required % pTOCAUres 14 .
detailell analysis of claiasiromn srocesses eﬂd lﬂp]nvd bation ond i iimg,
This requires isolation and obs:rvation of g number of dnpt.
processes thar inelude co dimensions as () opporaunicy SFor S2TILA,
the time avaiiable foi accual oa-rask involvement; {b) wmrich ing -~ the

3
relationship between what is scinally raugiht and wvhot Ls occno Dy vestod:
(c) matoerial mobivation - _he denran of interess huiis Lnta rhe ralaing

mpterials; (1) teace
by the snsteonctor; (eF o -actnie sl geguanee - the o ionr o whiel o

Borivation - the dosrae 0F exndtonc - aneraared

currirv'um is carefol L soguencad in a Torn of a Mlararchy of nroeo nisites

N M : 1T - - r - . pe . HERE! . t . . e H
%o tho e cLa aps tan i Ton masteTy of cariier skitia bhe oo ST on
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to more complex skills,; aund ) monitoring and feedback - the degree

to which the training proces .allows for the detailed analvsis of scudent
strengths and weaknesses i che course of learning, and how instructions
is adjusted to this infomacion. An inceresting research endeavor iz che
conduct of field studies tha< investigate what is acradll; Laugnt 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 ade equate o
parison. A training system may also be compared to a theoretical cory:
tion of the expected cnange in the reader to determine wnather the v in-
ing has heen effective. ‘ '

There is need for a study of the teachers of tho 1iversey prog.uas
to determine which competeacies are aecessary, how thev woy ba deve ! -ned,
and how they can he evaluated.

The amount of time uecessary to effect a significan. improvenc-: in
reading achievement uceds study. At the Conference, it was wede cle .
that only .a limited amcunt of time has been scheduled For 141 B
ing, cven for the men wio come with no reading ability whatsoev. r. "= ig
suggested that the yener.l, rather disappointing outcomes of L sl
literacy training programs may come from ex <pecting the inpossi>iz. e,
expecting 4 or 8 vears of progress, in terms of standardized -
achivvement tests, in 8 weoks 17 so. Even if some of ' he wani
can be acquired in so shovrs o time, it is questionab;e whoghers
gration ot these skills can b oacquired in this Sdes.  Whoo froae ded by
children (and it is supgesrod that illiterate adults do nor differ . ub-
stantially in this respuect f"nm chiidren with gimilar reading levels) i
extensive reading and practirce over an extended period of timz. How long
a tim: s roeded for aduits Lo roach certain reading levels Lhruid b
Invel . Lyonad., Sne 2eLfic sy, 40 should be determined wherher ol amant
and tim:iay of the instrucclon and practice varies with the entoring rood-

[

A

ing level, mentnl ability, and the kind of reading program usad Lo teach
the begianiug raading shills.

ECUdv is neecded not only on the amount of time necess- v o effect
significant amprovoment in reading arhlcvement but alsdo em e amounc
and nature of improvement that qualifie: as 31pn*r1cant . baan does a
glven reading gair mean in terms of job performsnce’ Ju ¢ as prade level
norms are unsatistactory criceria for adult llLerdcy gnals thcy are un-
satisfactory in evaivating the effectiviness of thelacv «Inine programs.

Studies of Alternative Delivery Systems

th“rding the dellvery of Liveraey training proc-wis, i: would be

«Q N

well to leok dince the foasibility of making greaier voe of nolin - v,
films, Tapes and temts, cta. Wnile there 18 serious o o - cnderaay for
producing such teaching weovial ) It is sugguested rho e tonsons learned
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from such programs as Childreu's Television Workshop's E; Company

‘be examined foiv tess:

in teaching basic reading skills to men at
the lowest lavel of eading achievement.

Computer-aided instruction is stlll in -an early experimentol stage,

so far as its capability to insfruct is concernerd: Naverthelegs, for the
Armed Services, where available time for imstruction is sevevely limited,
CAI might be beneficial for sone types of instruction. It would be less
sensitive to manpower ché&ge than the present instr:otivesl svsten, and
considerably easier to update than videotape, filrs, or any other passive
mediumn, T } ' : :

In addition, CAI migﬁt be used for continuing ecducstion v A froe-
choice basis, thus allowing military personnel the opporianint Lo ake
courses on the n oo time.  Tha PLATO project at the Uniwovs . tv of I11i-
nois has defelupgl supplemental reading instruction for the primary grades.
Some of thelr euneriences might be transferable to an ult weuting. The
University of Wiscousin i& experimenting with the use "
line, interactive system for diangnosing reading skill
tem has a complete toest analysis subsystem built in so thal tob.
can be printed within minutes after the last person is tested.
aprplicavions of CAIL, pariiculavly those which previde job—funaoic

&. oy Eralning, shbould be cenoiderod,

SH g one-

The sys-—

Integrated lLitenacy and Technical Trainine

ALl of the Arméd Services share the need of haviog mon Lo civem very
- specific occupations wizh high degrees of proficiency. hen ron do not
perform their jobs or cannot learn to perform their jobs, Tois o prob-
lem of occwieciocnal competence.  Literacy is one iwmportant hut not
the only factor of proficient job perfonﬁnnce. In the Arund S
which define their mission more in Lerms of specific job trainjag tlan
general literacy training, the extensive investment -in iob porfornmance
aids shows an implicir recognition that the issue e primarily ona of
occupation®l compete

The hwnistic value of Literacy training may also be radefined as
a need for basic compzrency “troining.  To effecrively trqavuiic Ji eracy
to marginally 'iter-te men, it will be necessary to nlace caeading in the
context of a rL.rpor set of cumpetencies.  Essential basic competencies
for adults inclide reading, writing, speaking, listening, caloul
and problen-seiving. o is rewsenable to suppose tnat theso conmatoncies
are connevtod amd that imsrovcasnt o one will not he useful unl duraible
for the individual withoutl concomitant improvements in the othevs.,  Wiat
arc the list=zning, speaking, reading, writing, computing, snd senbh Lem—
solving compelioncic: eoquired for a given occupation? Thiz oob compe-
tencies may aot ha complelcely anpropriate fovr the typas of jobs that occur
frequently in the Armed Scrvices. However, it is clear that cealdine tech-
nical documents would bhe one major aspect for a large pronorltian of jobs.
Another major aspect would prebabiv turn out to be probiam-soliving. Indeed,
problem-solving wi - n written docunonts wils mentioned frequar o in phig
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5 Conference. Good job performance is associated with frequent reference
to reading matters. A cause-and-effect relationship cannot be inferred
here, since high intelligence couid mediate between the two variables,
but the relationship is suggestive. In fact, visual search of written
documents seems to be a relatively frequent aad relatively difficult
aspect of job performance. There is, of course, a heavy technical knowl-
edge load in many jobs. : .

IL may be instructive to consider the arialogy 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, i
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 ite 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 agriculture. TFor 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 shouid be an integration of various components (lan-
guage, mathematics, technology, scientific acculturatioen,
scientific training, graphic representation) into a unified
educational process.

3. Programs should be adapted to socio-economic and geographi-
cal conditions.
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4.  Teaching should be intense enough to produce desired
results in a minimuy time geriod. '

5. There should be constant adaptation of programs and teach-
ing merhods to the changing technology and demands of

development. g

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 ncteworthy that in both cases occupational com-
petence is a major geal.  1In developing countries, it has been found to
be imperative to train competencies such as mathematics and basic knowl-
edge alongside the l!iteracy skills of reading and writing if the goals
of economic productivity and socizl advancement are to be achieved effi-
ciently. Perhags the same principle would apply to the Armed Services
in the United States.

One of the problems with general literacy training prograws 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. 1In a functional literacy program,
men would be trained to learn to pertorm specific reading tasks to the
level required for adequate job performance. Job technical. knowledge,
concepts, and skills treining would he ingegrated with literacy training
including job reading tasks; e.g., reading 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 geveralizability of job-specific literacy training. \

The overall thrust of the notions expressed above, particularly those
that pertain to tHE 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 selective 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 prcbability of succeeding in a particular system of traluing.
he system of training is set-up for those individuals with specific enter-
ing credentials and is improved by tightening credentials, but lititle ad-
justment is made for ihdividuals who might profit from extensive prerequi-
site training in.order to get through the system or by changes in Liw
training system itself to cnable them to attain the full range of cempe—
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 Fill range
of competencies personnel may need to-have developed in order. to success—
fully acquire job knowledges and skills,

Research might also explore the feasibility of extendins sucl. au
adeptive training program to include pre-service functional litviacw prain-
ing in broad occupational areas. Policy decisions permitting, such train-
ing might be offered by the Department of Defense acting for all th. Armed
Services or coordinated with other governmental agencies conceyne with
adult basic education in job-related cont xts, such as the lepariicent of
Labor end the Office of Educatinn, '

RESEARCH ON THE READABILITY & USEABILITY OF MATERIALS

Research to Improve the
Predictive Efficienicy of Readability Formulas

Agreemcnt of Definitions of Terms

Suchi terms as "veadable, "readabili v'", "comprehension”, ":anceihene
sibility™, and "uscability" should be reviewed and standard definit .gs
suggested for Armed Services useage. . Standard definitions wouidl provent
misuaderstanding such as apparent differences in data which are tenliy
differcnces in interpretation stemming from differences in term: S
The litevature on readability provides a number of examples of di:
ment in interpretation that, on closer inspection, become merely cong e
sions in useiape. As a case-in point, the term "high readabilitcy oo
may refer to somethivg that is easy to read or something that i3 Lscd to
read. The reason is that with some formulas (e.g., the commonly usod
Flesch Reading Ease formula) a high score means easy rcading, whi'c with
others (c.o., the commonly used Dale~Chall formula) a high score per
hard reading. Exawples could be provided for the other terms as
Stanaard definitions might not only prevent unnecessary confusioms
disagreements iu Avimed Sarvices publications and useage, bul mioh
fully) spread to educational publications and usecage as welil.
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Such a criterion could be applied to schematics and reference mniuai:,

Criteria for Predicting Difficulty of

Materials (Readability and Useability)

A problem discussed at the Conference was the tendency tc taik about
written materials as though .they were all similar in Structure anl pur-
pose. A useful distinction was suggested between "operational" manuuls,
Or ones that tell how to perform job tasks, versus training manuais, _
which are to permit the learnidg of job information. Though one might
wish to use a readability formula on both types of manuals, the desircd
criterion for operational manuals might be task performance, while the
use of .recall, 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 populat.on 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" performancoes.

3

as well as books or other technical writings.

Such a criterion would be useful in attempting to improve certnin
documents, For example, the extent to which a manual is well organi zed
and lends itself to seérch operations could be determined by exdmln;ng'
the amount of time required to locate information in the document. The
quality of the document could be systematically improved by maninularing
its characteristics iu such & manner as to reduce the time nceded for
completing search tasks using it.

Regarding the use of learning measures to evaluate the readabinioy
(learnability) of training manuals, it was suggested that such measur-s
might be an intermediate evaluation step in the case of narrative matori-
als used for training, where understanding of principles is highly do-
sirable, and that some kind of task performance might be a final outcome
for training manuals, as well as for operational manuals. Anothar sug-
gestion is- to 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 the
case of operational use. Differences among the Armed Services on rhis
quastion might also be explored. ’

1%

In addition to possible differences in criteria to be predict:d by

- readability formulas in the case of operational versus training manuzls,
criteria for "comprehensibility" and for "useability" should be rewvizsed.

and rthe value. of the two concepts compared for Armed Services useage.

The term "useability", though uncommon in educational publications,
is becow.dg common in Armed Services circles. Criteria for possuring

. useability, however, are not cemmonly agreed upon, and should be reviewed.

The term "comprehensibility', on the other hand, is common enough, bLur
the criteria used for measuring it give rather strikingly different re-
sults. A prime example is the use of multiple~choice versus clozo crn—
prehension ccores. The former measure typically yields higher porcantage
correct values than the latter, but validity coefficients for the same
readability formulas typically yield higher values for the latter trhan
the former. '

283

273

Ih



<

Q

ERIC

Aruitoxt provided by Eic:

A\
\~,

\
3

Research on the Ihdicat&rs of Readability

Currently available\indicators of style difficulty (i.e., of the I
Psychological demands of thé expository form of written material) are not
wholly éatisfagtory. Further investigation of the psychological basis
for readability indices might be considered. Several interesting models
for the Processing of text have emerged and have withstood empirical tests
sufficiently well to warrant\exploratory work on the applications of thesg
models to practical documenta;ion work. Some care ig indicatcd, however,
to assure that what is done is' guided not only by the basic scientific
ideas, but also by a realistic ?eterminatioﬁ of what can be realistically
applied in practical settings. ‘(See Curran's paper in this volume for a
discussion of the difficulty of omputation of & readability formula ver-—
Sus incresse in predictive power.} '

Questions arose a number of éimes about whether readability formulas
are predictive for highly technica% Prose and for semi-prose material.
A grid was suggested that might have kinds of writing aleng one axig and
applicdtion situations along the otH@r, with empirical answers based on
existing data located at the intersedtions of the grid. Where data do
not exist, it would be immediately apparent from the grid that studies
were needed, a £a the classic periodic) table in chemistry. This is not
to suggest that the degree of precisio would matzh that of* chemiscry,
but the procedure could still be -useful Although it would be desirable
to have all of the empirical data based ‘on use of the sam- formula, for
example, a first approximation would not ‘demand this. Similarly, though
it might be desirable to. have an index of\the degree of technicality of
writing for descriptive purposes, crude judgments might be sufficient for
the firgt approximation. 1In time, if this\ppproach proves helpful, a

more complex grid and/or other grids might be developed.

Readability formulas, becausée of their charactaristics, should be
thoughtfully applied. One such characteristic is that they are content-
free. Since.word difficulty or word length and sentench length (or sen-
tence complexity in some cases) are the Predictars, thu problenm of a
reader's knowledge of content must be appraised i ;ame other way. The
extensive use of technical terms and the inforyalion fise an individual
must have to cope with these terms cannot be taken :ito acccunt through
the use of formulas. ’ '

tlany conferees recognized the critical importance of the content of
writtea material. Seversi judged content to be gz much more important in-
dicator of the Treadability of written documents than expository style
and form. Yet the reports read at' the Conference (as well as the substance
of the afternoon discussions) indicated with painful clarity that methods
for the systematic assessment of content are rudimentary ar dresent. In
addition to assessment in terms of the knowledge basc whi | a reader must
cope with, the development of effective methods for detcrmining whether
the contenr of written material ig sufficiently ~omplete and accurate to
achieve the objectives of documentation deserves high prlority in future
Practical resecarch spousored by the military Services.
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One approach suggesteu For taking content into account in readability
formulas is to. cousider the technical terminology of manuals as a separate
factor in predicting readability. This general kind of question — taking
special terminology into account to improve formula predictiveness gr has
becn around for some time. With *a word-list type of formula, this &an be
doie by adding words 2¢ cthe list or by excluding certain words 44om a
count. With a word~length type of formula, this might also be done by
excluding words from the length count during application, but this can
cause cousiderable inconvenience and, in the case of human (as oppnosed to
computer) application, prebable 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 in a sample of
text over number ¢f total words, or, preferably, over number of content
{as dpposed vo structure or function) words. The usefulness of these ap-
pronches is, of course, an empirical questien, and studies shiould be con-
seted even though (or perhaps because) their success is bv no means
assured. Trying to add anothew index variable to formulas or to correct
existing index variahles moy unfortunately be less effective than we
might hope; adding an edjustmeut for technicality of the material may pro-
duce no increase wn the poadictiveness of the formula. But again, the
questicn is an cempirvical onoe und should be investigatead.

Research to Improve the Bracutiion of Materials

Research on the Selection aune “raining of Technical Writers

~While readability formulas are somewliat efficient in predicting the
reading difficulty level of materials; they do not offer guidance for pro-
ducing more effective, readable materials. There is a need for research
to héelp 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 posf hoc analysis might then help eventually to
answer such long-standing questions a- whether it is better to teach a
techaically trained person to improve hi: 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 will not
fit all .situations, this approach might help to say something about when
one or the other possibie sources of writers should be conzidered. -

If the characteristics of good technicad writers can be identified,

. further work on the development of sclectior®instruments should be under-

taken. Discussion indicated that many companies that produce materials
for tne military do'not keep any certain 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, some selection procedure
could be helpful during crestz in the need for technical writers. If a
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test-type ins;rument proves difficult t. duvs lop, a profile-type approach
might be considered, making use of sucn \x!]db195 as background training,
experience, Lnttrest etc. '

For training purposes, research is uecded on what to tell writers
who wish to improve the effectiveness of their writing or who, alterna-
tively, have been told their writing is inadequate and must pe changed.
Discussion suggested that writers seldom, if ever, set out to write less
effectively than they can. Yet, this happens, and most writers sincerely
welcome really useful suggestions for improvement. What suggestions can
be given7 Writers' guides fail to agree, and in some cases. actuelly dis-
agreé, on what should be done in writlng clearly. One ahgroach is the
Army writing guide that is soon to be published. (Sce Kern's paper in
this volume.) FKern 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 for readable writing based upon psycholinguis~

“.tic and readability research. The effectiveness of both of these guides,
as well as of others, needs to bz systematically evaluated. Such evalu-
ation should ineclude attitudes cf wrlters toward such gu1des probability
of use on the job, et cetera. '

Writers guldks shouid also deal with the treatment of graphic mate-
. tials, for the work of technical writers involves decisiong affecting the
chlgn of graphic ps well as textual material. Suggested research and
development activifies include the folleowing:

a. ,Research land deeLOD guidelines for the use of graphlc
materials| ‘hese gulnﬁllnes should include the various
types of graphic displays, as well as '"best" type of
display for.a particular purpose.

b. Research agd develcp guidelines on the readability of
graphic materials. Specifically, what elementé in a
particular type of graphic display make the dlsglay more
understandable? Also, what are the functions of graphic
displays andihow can fhey best be utilized for teachlng
and/or learni g? \

c. Research and develop gULdnllnes 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 thsk. .
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Research to Provide Teclinical Writers with
Information About Reader Characteristics and Purposes

A need 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 hefore they begin their tasks; when any in-
formation is provided at all, it is likely to be too general to be of much
help. Some writers may not even know what kind of information about read-

¥S could help them, and what kind they would wse if it were available to
.hemn,

To provide concrete guidance to writers, we need to %now Lf and when
rewriting can make a4 reliable difference in reader comprehension and per-
formance. Put another way, z model is needed that takes into account the
several categories of factors that can influence the effectiveness of re-
written materiai. Charactecistics of written material and of readers are
clearly important; chavacreristics of the ‘situation uader wiich the mate-
rial is used and/or ~ested may have more subtle but equally important
effects. One such way is by influencing reader motivation and giving or
not giving it a chance to affiecs reader behavior (e.g., through provision
of liberal reading and/or testing time). One predicticn irom this model
that has been successfuily tested, is that improved readability will pro-
duce relatively groeater infoyrmation gain rfrom a less prefcrred than from
a more preferred content. A nunker of implications are suggested by such
a finding. For examples , priority might well be given to: réwriting low-
interest (versus high-interest) contents; putting the better writers to
work on low-interest contedts: rewritirg material for low-motivation jobs
and for low-motivation rcaders; 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 to.the problem.

Research on Methods for

Assisting the Writer, As Writer and As Editor

Discussion'suggested that technical monual production, and particu-

‘lacly rewriting, are low priority activi*ic¢s. The' growing power, and the

attendant willingness, 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 writer does 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 machine translation iliterature cicariy shows.

5,
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‘date, and distribution probl

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 handliing
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 contert terms)
for use 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 wiiter would decide among them, 1ot the computer — this the
writer can do relatively easily and well, but the computer caunot. 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 constructicns. One of the suggestions to grow out of the
Conference was that separating the writing and editing functious 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
witing 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 writer of their existence as he goes over materials,

Understanding and Improving
Information Systems Within the Armed Serv1ces

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 readecs in these uses. This
appears to be partly an empirical question and partly a problem for sys-
tems analysis. In order to understand the currert 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 learn the job. It is also necessary to get reliable data as to how
these information needs are met 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 1mnoruance of requisite literacy
and communications SAlllS\

A prudent approach wauld be to supplement this important empirical
work with a sysctematic analysis 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 must be performed, as well as production, up-
ms, and the impact. of microfilm on technical

4
/

288

278



O

ERIC

Aruitoxt provided by Eic:

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 may
be that the manuals are difficult to use in a training setting and [lorce
the instructor to improvise or that trainees are required to learn from
manuals not especially designed for teaching them. Whether or not a dic¢-
ferentiation between job manuals on the one hand and CeaChlng/training
manuals on the other can make a significant improvement in sraining should
be a matter for study. : '

The rapid and accelerating growth in the amount of technical publica-
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 necessary 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 utilized
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 scemed

te be some agreement that the promulgation of simple rules for 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 decign the hardware
and software systems, so that they might consider the docume--tation re-
quirements (and resulting communications skills required of readers) at
the same time that they make decisions about equipment Structure, function,
and maintenance.
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Great Debote: and Toward a Literate Society, with John B. Carroll. Dr. Chall

received her PhD from the Chio State Universicy.

SAMUEL GIBBON

Saruel Gibbon has been with the Children's Television Workshop since
1968, when he joined that organization as one of the original Producers of
Sesame Street. Previously, he was Assotiate Producer and Writer of Captain
Kangaroo for more than six years. 1In 1970 Mr. Gibbon undertook the develop-
ment of The Electric Company, a television program offering supplemental read-
ing insgruction'for second~- , third-, and fourth-graders experiencing reading
difficulties. lle served as Executive Producer of that program until 1973.
Since 1972 he has held an appointment as Lecturer in Education and Research
" Associate in the Center for Research in Children's Television at the Harvard
University Graduate School of Education. - Hig 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-blica-
tions include NATIONAL CONFERENCE ON VISUAL INFORMATION PROCESSING, (National
Institute of Education, 1975); and "Sesame Street, The Electric Company, and
Reading”" (in J. Carrell and J. Chall, Eds., 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 Psychclogical Association. During 1969-70 Professor Glaser was a
Fellow at the Center for Advanced Study in the Behavioral Sciences in Palo
Alto, California. 1In 1970 he received the AERA / American Educational Pub-
iishers Institute Award for OQutstanding Educational Research in the fields
of Instructional Materials. And, in 1973 he was elected to the National Aca-
demy of Education. Professor .Glaser 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 school environments that are adaptive to individual differ-
ences. Dr. Glaser received his PhD in 1949 in psychological measurement and
experimental psychology from Indiana University. .

JOHM T. GUTHRIE

John Cuthrie has béen 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 learning.in children were nis early research in-
terests. In the past five years he has studied basic perceptual and languzge
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 focuses on theory and
Practice in the development of reading comprehension, is ift 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 & Sciences at Chio 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~-
logiczl 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 University Press), Elementary
Statistics — Data Analysis for the Behavioral Sciences (McGraw-Hill), and Know

Your Reader (Hermitage House). Dr. Klare received his PhD in psychology from

the University of Minnesota.

MICHAEL MACDONAL.D-ROSS

Michael Macdonald-Ross has heen associated with the Open University in
England since its start in 1969. From 1969 to 1971 he was a partner in the

* educational consultancy, Instructicnal Systems Associates, which helped the

University to selb up its course development ‘system. Since 1971 he has been
Senior Lecturer in the University's Institute of Educational Technology. His

‘research ‘interests are dirvected toward curriculum design and the way print is

used to communicuate complex information. Currently, Mr. Macdonald-Ross is
Directer of the Instituté's Textual Communication Research Group. This group
conducts rescarch into the ways students learn from texts, and advises the

University on ways to improve its printed teaching materials. Receni publica-

tions include papers on behavioral objectives 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. Macdonald-Ross is
a Policy Editor of the Journal of Instructional Science and a Council Member of
the Institute of Scientific and Technical Communicators. He received hisz BSc
in zoology from University College, London. ~

ed

ERNST Z. ROTHKOPF o ' -

Ernst Rothlkopf is Head of the Learning and Instructiomr Research Department
at Bell Laboratories. He joined the Bell research organization in 1958 afrer
five years as a civilian scientist in the Air Force's Personnel & Training Re-
search Center. Dr. Rothﬁbpf was one of the first researchers in programmed
instruction. His main interests throughout his carser have been in learning
theory, training techriques, human verbal learning, and particularly, learning
frem written instructional material. He is the author of over sixty publica-
tions and the editor of a book, Verbal Learning and the Technology of Written

Instruction. Dr. Rothkopf has been a visiting or adjunct professor 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~
formance-Based 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 psychiology from the University of Connecticut.
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RICHARD L. VENEZKY

. Richard Venézky has been on the faculty at the University of Wisconsin
Since 1365. He has been a member of .the NCTE Commission on Reading, the IRA
Cemmittee on Psycholinguistics, and the Advisory Board of the Central Midwest
Regicnal 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 develppment (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 developed’ at the Wisconsin Research
and Development 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 Leayning. He received
his PhD in linguistics from Stanford University.

THOMAS G. STICHT (Conference Chairperson)

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-
feszor 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 literady
problems encountered by adults. This work has emphasized the improvement of
readers through reading training, and the improvement of materials through
design for readability and useability. Most of this work has been for Air
Force, Army, and Navy sponsors, and has been brought together in two recent
publications - Reading for Working: A Functional Literacy Anthology (HumRRO),
and Auding and Reading: A Developmental Model (HumRRO w3 th others).
Dr. Sticht has been a consultant to local school districts, education labora- .
tories, and government agencies, and is currently the Chairman of the Basic
. Education and Reading Committee of the International Reading Association.
He received his PhD in experimental psychology from the University of Arizona.
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APPENDIX B

LIST OF CONFEREES:

Conference on Reading and Readahility
Research in the Armed Services

\c-

b
w"f ’f

Dr. Marshall J. Farr, irector

Personnel and Training Research Programs

Office of Naval Research (Code 458)

Arlington, VA 22217

Dr. Edwin Aiken

Navy Personnel Research and Development Center (Code 306)
San Diego, CA 92152 : '

CDR Larry Beguin

Bureau of Naval Persommel
PERS~2S .
Washington, DC 20320

Dr. Thomas Curran .
Navy Personnel Research and Development Center (Code 306)
San Diego, CA 92152

Dr. Thomas Duffy -
Navy Pe:sonnel Research and Development Center (Code 306)
San Diego, CA 92152 ’

Dr. Dexter Fletcher S .
Navy Personnel Research and Development Center (Code 306)
San Diego, CA 92152 ' : :

Dr. Eugene E. Gloye

Office of Naval Research

Pasadena Branch Office

. 1030 East Green Street

Pasadena, CA 91101

‘Dr. Norman J. Xerr

Head, Research Section . ‘

Training Methods Evaluation and Research Branch (Code 341)
Chief of Naval Technical Training

NAS Memphis (75).

Millington, TN 38054

Mr. William Muller

NAVAIR Technical Services Facility

NATSF :

700 Robbins Avenue ) ‘

Philadelphia, PA 19111 3 1 1
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10. 'Dr. James R. Burkett

11.
1z,

13.

14.

15.

Air Force Human Resources Laboratory
Technical Training Division

Lowry Air Force Base, CO 80230

Dr. Ronald P. Carver

Uaniversity of Missouri at Kansas City
Kansas City, MO 64110

CAPT Charles Curran.
ATC/XPTT

P-rolph AFB, TX 78148

CAPT Steven G. Groff

Air Force Human Resources -Laboratory
Technical Training Division

Lowry AFB, CO 80230

Dr. Raymond L. Lewiski
Extension Course Institute
Educational Systems Branch
Gunter AFB, AL 36114

Dr. Arthur I. Siegel
Applied Psychological Services

- 404 E. Lancaster Avenue

Wayne, PA 19087

ARNY.

16. .

17.

Dr, J. E. Uhlaner

US Army Reseéarch Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Richard D. Bloom
U.S. Army Research Institute Field Unit

. P, 0. Box 5787

18.

-Education Branch

Presidio of Monterey, CA 93940

Mr. R. T. Diduk
HQ TRADOC (ATPR)
DCS Personnel

A

Fort Monroe, VA 23651
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19,

20,

21,

22,

24,

25.

25,

27.

Mr, Dennis F. Fisher

Behavioral Research Directorate

US Army Human Engineering Laboratory
Aberdeen Proving Ground, MD 21Q05

Mr, George Fry

Education Specialist
ArYmy-Wide Training Literature
U.S. Army Signal School

FTort Gordon, GA 30905

MAJ William Highlander

HQ,TRADOC (ATING-AS)

Collective Training Branch, DCST
Literature Production Section -
Fort Monroe, VA 23651

Dr. Jack H. Hiller //ﬂ\

US Army Research Institute Field Unit
P.0. Box 5787 '

Presidio of Monterey, CA 93940

Dr. Otto Kahn . ‘

US Army Research Institute Field Unit
P.0.-Box 5787

Presidio of Monterey, CA 93940

Dr. Joseph H. Kanner

HQ TRADOC (ATTNG)

DCS Training

Educational Advisor's Office
Fort Monroe, VA 23651

"Dr., Richard P. Kern

US Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

Mr. Herman Rupp’ <
Army-Wide Training Support Division
P.0. Box 5300

US Army Air Defense School

Fort Bliss, TX 79916

Mr, Jack J. Sternberg

Chief, US Army Research Institute.Field Unit

P.0. Box 5787 o ’
Presidio of Monterey, CA 93940
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CIVILIANS : _ -

28. Dr. Francis A. Cartier
- Chief, Development Division o
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 o
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 Recearch Park
‘Monterey. 11 33940

32. Mr. R@bert Fishburne
Human Factors Section
Environment_and Energy Systems Department

Calspan Corporation
Buffalo, NY

33. Dr. Lawrence Frase
- . Bell Laboratories
600 Mountain Avenue
Murray Hi.l,.NJ 07974

- 34, Mr. Samuel Y. Gibbon
Executive Producer . . '
Children's Television Workshop
One Lincoln Plaza
New York, MY 10023

35. Dr. Robert Glaser
Learning Research and Development Center
University of Pittsburgh
Pittsburgh, PA 15260
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36.

37.

38.

39.

4']- .

£2.

43.

44.

Philip K. Glossa -
Project Director

Sierra Learning Laboratory
P.0. Box 497

Jamestown, CA 95327

Dr. Burl Gray _
Behavioral Sciences Institute
72 Fern Canyon Road

Carmel Highlands, CA 93921

Dr. Donald Ross Green
Director of Research

" California Test Bureau/McGraw—Hill
‘Del Monte Research Park

Monterey, CA 93940

Dr. John T: Guthrie
International Reading-Association

800 Barksdale Road
Newark, DE 19711

Dr. George R. Klare

Department of PSychOlOgy

Ohio University

35 Park Place :

Athens, 0li 45701 :

Mr. Glenn Klelmaq
Psychology Department
Stanford University
Stanford, CA 94305

Mr. Michael Macdonald-Ross

The Open University '

Institute of Educational ‘Technology: Textual Research Unit
Walton Hall, Milton Keynes S

MK7 6AA, England

Mr. Monte Penney

‘Wational Institute of Educatlon ' v ' o

1200 19th Street NW (Room 815)

Washington, CD 20208

Dx. 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/McGraw-Hill
Del Monte Research Park

Monterey, CA 93940

46, Mc. H. E. Schlichting
Senionr Ingineer, Technical Data
McDonnell Aircraft Company
St. Leuis, MO 63166

47. Dr, Ed Swmith
Psychology Department
" Stanford University
Stanford, CA 94305
' I ' |
48, Dr /Rlcﬁard L. Venézky
U11vers1ty 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 152¢0
p .

HLman Resourceb Researcb Organlzatlon (HumRRO) /Western Division
'P.0. Box 5787 L " Presidio of Monterey, CA 93940

'50. Dr: Thomas G. Sticht, Conference Chaifman

51, Mrs. biaﬁa Wélty<éapf, Conference Coordinator
. 52, Dr. John C.‘éaylor

53, Mr. Lynn C. Fox

S5%. Mr. Robert N, Hauke . )

55. Mi. Kent H. Huif

56, Mr, Lawrence J. Beck

316

328 o ' = -




