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' The Director's Corner

Part I The Meaning of "Integration” and a Shift
i the Army's Lead Integration Organization.

The term "inlegration” in Manpower and Person-
nel Integration and in Human Systems Integration car-
ries distinctive meanings which imply distinctive per-
spectives for MANPRINT analyses, Three levels of a
hierarchy of integration analyses are described here.

Total System Integration (TSI) is at the top of the
hicrarchy. The TSI purpose is to examine the alloca-
tion of functions to the human component of the total
system (e.g., a truck driver reads his paper map to
decide his trucking route, as compared to the truck
following a homing signal}, or to the machine com-
ponent (the rruck's drive assembly does all of the work
i move the truck), or to any highly interactive hu-
man-machine functions (steering the truck). The ini-
tial Comanche design work had a focal issuc in TSI
— could the system be designed so that raditional
navigator functions would be allocated to the machine
to reduce the number of operators from two to one?

MANMPRINT- Machine Integration (MMI) exam-
ines all of the seven MANPRINT domain analyses to
detect patterns with implications for redesign empha-
sis, For example, let’s consider a new vehicle design
for which the Human Factors analysis concludes that
the Ievel of heat in a crew compartment may seri-
ously lower operator vigilance and response times,
the Sufely analysis concludes that risk of operator error
is raised by heated working conditions, the Soldier
Survivability analysis concludes that escape may be
impeded by extremely hol passage ways, and the
Health Hazards analysis finds that hot plastics may
contaminate air needed for breathing; whersas a PM
might be inclined to minimize the need for changes if
anly one of the domains identified a given problem
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IMPRINT
The Transition and Further Development of a Soldier-5ystem Analysis Tool

Dr. Laurel Allender
Mr. Troy Kelley
L5, Army Research Laboratory

Ms. Sue Archer
Micro Analysis & Design

Mr. Rich Adkins
Dynaniics Research Corporation

Al first glance, the Improved Performance Research
Integration Tool (IMPRINT) appears 1o be simply the
Windows™ version of the DOS™-based Hardware vs.
Manpower 111 (HARDMAN [II) suite of soldier-sys-
tem analysis tools. However, the transition from DOS™
to Windows™ was more than just a re-coding exer-
cise. It was an opportunity to be puided hy user input,
by rescarch findings, and to rethink the underlying
structure, functionality, and interrelationships of the
analytic capabilily being offered. This article surveys
the course of IMPRINT development, from cancept to
initial design and prototype to first user release—IM-
PRINT 2.8.7—and bevond.

Early History. Given that IMPRINT is the
“Windows™ name” for HARDMAN IIT, 1t is worth a
few words to examine the origins of that tool.
HARDMAN III grew out of common Air Force, Navy,
and Army manpower, personnel, and training (MPT)
concerns identified in the mid-1970's: How to estimate
MPT canstraints and requirements early on in system
acquisition and how Lo enter those considerations into
the desipn and decisionmaking process. The Navy first
developed the HARDMAN Comparability Methodol-
oy (HCM). The Army then tailored the manual HCM,
which became known as HARDMAN |, for applica-
tion ta a broad range of weapon systems and later de-
veloped an antomated version, HARDMAN I

In HARDMAN I and I, however, there was no di-
rect link between MPT and performance. Therefore,
when development of the first HARDMAN III mod-
ules began in 1985, providing an explicit link between
MPT variables and soldicr-system performance was

one of the primary goals. In an innovative contracting
process, 18 separate concepl papers were written pro-
posing diverse analytic approaches. These 18 were
down-selected to ten specifications, and then to six
implementation proposals. Ultimately from those six,
a set of nine separate modules was develaped by three
contractors: Dynamics Research Corporation, Micro
Analysis & Design, and Applied Sciences Associates.
A listing of those nine modules and their respective
functionalities is shown in the figure on the next page. |

A puiding notion in the development of the
HARDMAN I modules was that the analysis would
proceed in a fairly “lock-step™ fashion. The analyst
would be led from one module to the next, and within
a module, from one step to the next in order. Using
HARDMAN III would go something like this (for the
original discussion, see Kaplan, 1988): For a given sys-
tem. the analyst would first use HARDMAN I dur-
ing pre-cancept development to help identify the early
system requirements. Then, the concept and require-
ments would be passed through MPT “filters” to help
identify any constraints on continued development such
as limited crew availability, competition for annual
maintenance manhours with other systems, limits on
soldier quality, or potential increasss in training re-
sources reguired.

Once system concepl development was completed
and the demonstration and validation phase had be-
gun. HARDMAN I could be used to evaluate the
design. For example, either a design described in a
contractor proposal or a protolype system could be
evaluated with respect to the numbers of operators and/
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PER-SEVAL:  Persannel-based System Evaluation
MANCAF:  Manpower Capabilities

FORCH: Force-leval

HOS W, Human Cperator Simulator V

or maintainers required by that design to meet the origi-
nal system requirements. As an option, the analysis
could be subjected to a series of “what-if’s” such as
how the requirements and performance would change
under heat stress, in protective clothing, or with dif-
ferent soldier personnel characteristics. Finally, Lhe
system-level analysis would be rolled up at the unit

|| -and the force levels.

In pracdce, however, HARDMAN IIT users em-
ployed whichever module hest fit the system issues at
hand whether or not the earlier analyses had been done,
even lailoring and adapting the toal capabilities to fit
their needs. In the process then, cemain subteties of
the individual HARDAMAN I modules were avercomne
by events, or rather, overcome by users! Also, com-
puter rechnologics and the acquisition process itself
were changing rapidly.

[IMPRINT Development: From Froni-End
Analysis to Prototype. When the transition from the
HARDMAN III DOS™ version to a Windows™ ver-
sion was first discossed, the motives were to keep pace
with computer technology both in terms of processing
speed and power and also in terms of the more usable

and exciling interface that graphics offers. A {ront-end
analysis was conducted to map the nine HARDMAN
IIT modules into a single soltware product (Adking &
Dahl, 1992). Through the analysis, redundancies across
the modules that were “forced"” by the DOS™ limita-
tions and unintentional difterences that “just happened”
because of the DOS™ environment were identitied, as
well as improvements that wonld come “automatically™
with the Windows™ environment.

The DOS™ limitation of only 640K of Random Ac-
vess Memory (RAM) had foread the desipn of the origi-
nal HARDMAN IIT modules so that “pieces” of the
analyses could fit within these RAM blocks. Since
HARDMAMN TII analyses are rask-based, the amount
of data to be managed at any ane time had to tit under
the RAM constraints. This led to a restriction of 400
operations tasks and S({ maintenance tasks per model.
The RAM limitation also meant that identical or simi-
lar dala and capabilities had to be offered in multple
maodules, but with some tailoring to suit the purpose of
the module, For example, in HARDMAIN 111, the same
library models and svstem data are resident in seven

{Continued aon page 4)
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{Continued from pege 3)

out of the nine modules (a fact that drove the hard drive
slorage space requirement to nearly 80 MB!). Also, the
task network modeling engine, MicroSaint, was uc-
cessed in six places in four modules, two of the cases
being identical, the other four requiring somewhal dif-
ferent input data.

Although the redundancy was intentional, most of
the discrepancics and differences across the modules
were unmintentional. Many differences vecurred because
the “correet” design decision for one module was the
wrong decision for another module. For example, in
some places the use of a specific Military Occupational

| Specialty (MOS) was merely a label; in other places it

referenced actval data derived from the Enlisted Mas-
ter File, Also, in some places, a reference to environ-
mental conditions served only ns a notecard; in other
places, it activated embedded performance degradation

[| algorithins,

The “automatic” improvements that Windows™

provided (it should be noted, however, that a lot of work
| goes into making something automatic!) were in two

imain areas: the graphical orientation and the compat-
ibility with other software applications. The graphical
orientation provided a more intuitive framework [lor
thinking about and building the task networks used in
most IMPRINT analyses. The compatibility with other
software applications provided shorteuts for cutting and
pasting between IMPRINT and standard word proces-
sors, spreadsheets, and graphics packages. It also pro-
vided an implicit cost-savings because the capabilities
of those other applications did not have to he recreated
inside [IMPRINT.

In keeping with good design practices, the next step
was to prototype the IMPRINT screens. For a bricf mo-
ment, we envisioned a menu with options named for
the HARDMAN TII modules—“SPARC." “M-CON."
ete. However, since the artificial divisions—and nam-
ing—of the analytic capabilities were no longer neces-
sary, various olher concepts for the structure of the
menus were drafied. After considerable brainstorming,
lwy different concepts were prototyped. One menu
structure was “goal-oriented" and the other was “func-
tion-oriented.” In the first case, the proposed high level
menu striucture was intended to fil what the user’s goal

would be when conducting an analysis.

File ¥dit | Goals | Constraints | Evuluntion, Reparts Telp

In the second case, the proposed high level menu
structure was intended to fit what functionality the user
wanted, no matter what the specific analysis question.

Flle | Edit | Define | Optiom, | Exccute | Reports | Adjust | Help

In order 1o decide between these two designs, a se-
ries of evaluations 1ook place.

Frototype Evaluation. In the series of usability
evaluations, three groups of participants used five dif-
ferent techniques to evaluate the prototypes. The first
group used the individual walkthrough. The second
group used a combination of an empirical evaluation, |
an heuristic evaluation, and a group walkihrough. The
third group used the pluralistic walkthrough. Relow,
brief descrptions of these evaluations are provided. (For
a complete discussion, see Kelley & Allender, 1996:
also Dahl, et al,, 1995.)

Individual Walkthrough with Initial Prototypes. Pro-
totype screens for the two options were developed in
‘Toolbook™. An executable copy of the screens and a
packet that included printouts of every screen, as well
as a sheet of instructions and a comment sheet, were
distributed to current, active HARDMAN I users whao
waould have an understanding of the underlying capa-
bililies to be included in IMPRINT. The individuals
receiving the packets were asked to respond ta direct
questions about the interface such us, “What changes
should he made to the layout of the protatype?” They
could use the comment sheet ar make comments di-
rectly on the printouts. Based on the comments, nu-
merous changes were made to the designs of both pro-
totypes. These changed prototypes were used in the next
thres evalualions.

Empirical—or Experimental— Evaluation. For this
experimental evaluation, the updated Toolbook™ pro-
torypes were also “fleshed out.” In this way, the proto-
types nol only looked like real software but, in some
cases. even acted like real software. Twenty partici-
pants were asked to perform ten “real-lifi:” tasks using
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each of the prototypes, for example, “Find the screen
where task networks are built.” The protolypes were
presented in different orders to different participants to
avoid any bias based simply on order of presentaton.
Data were collected vsing a video camera and using
time and accuracy collection tonls embedded in the
prototy e,

In addition to the specific interface and design prob-
lems uncovered by reviewing the video taped actions
and comments of the participants, an overall view of
performance and the case-of-use of the two prototypes
was given by the time and accuracy data. The time and
accurncy data are shown below, It can be seen that the
function-oriented design was both faster and required
fewer mouse clicks to accomplish the tasks than did
the goal-oriented design. The differences can be ex-
plained not only by the relative efficiency of the two
designs, but also by how many errors the participants
made and had to recover from hefore continuing,

Time and accuracy data for the twao prototypes.

Cirual- Funetion-
Orientled  Oriented
Averapge Number of
Sceonds per Task 97,07 79.58
Average Number of
Mouse Clicks pet 5.29 4.03
Tazk
Heuristic Evaluation. Participants were given usabil-

ity gnidelines—ar heuristics—ta help goide them
{hrough an evaluation of the prototypes. The guidelines
were that software should (1) be simple and have natu-
ral dialog, (2) speak the vser's language, (3) minimize
user memory load, (4) be consistent, (5) provide fead-
back, (6) provide clearly marked exits, (7) provide
shorteuts, (8) provide good error messages, and (9) pre-
vent errors (Meilson & Molich, 1990), The subjects were
instructed to use the guidelines to identify usability
problems as they reviewed cach prototype.

Group Walkthrough. Participants met in one room

with a large monitor displaying the prototvpe. A mod-
vralor walked through the screens, performing the task
lists used for the empirical evaluation. Subjects raised
any concerns they had, and data were collected using

video camers and notes.

A Desipn Decjsion. The comments Trom the em
pirical, heuristic, and group cvaluations were collected
and reviewed. The number and severity of the inter-
face problems identified were considered along with
the time and accuracy data. As a resull, the function-
oriented menu structure was sclecled as the one to he
developed for IMPRINT. The goal-oriented menu struc-
ture was found to suffer from many of the same artifi-
cial naming and redundancy problems as HARDMAN
1. The function-oriented menu structure turned out to
be more “generic” and to better fit the steps of a broad
range of analysis goals. Also, getting away from jar-
gon was impartant since IMPRINT users are likely to

be part-time users, Therefore, the interface—the ter- |

minology and the structure—uwas required to be as in-
itive and obvious as possible.

1 W . Bven though a menu strug-
ture had been decided, the usability evaluations con-

uralis

tinued. The prototype of the function-oriented design

was updated to incorparale the results of the previous
cvaluations, It was then demonstrated to a proup of 18
people consisting of end users, human factors exparts,
developers, and programmers. Because the group in-
cluded a mix of expertise, it is defined as “'pluralistic”
(Bias, 1991). This meeting actually constituted what
was the first IMPRINT Siecring Conunitlee meeling.
Group comments were recorded in the minutes of the
meeting, and the moderator strove for consensus on
the detailed design decisions that were suggested.

An Interesting Side Note, The different usability
tzchniquas were sensitive to uncovering difTerent lypes
and numbers of problems. The individual walkthrough
technique identified a total of 39 unigue prohlems, sig-
nificantly more than any other technique. However,
when looking at the severity of the problems as rated
on a three-point scale, the most severe problems were
identificd by the cmpirical method. As you can ses, the
individual walkthrough technique identified the high-
est number of low severily problems. Understanding
the differences across techniques will be useful in the
future when deciding which technique ta use for an
asscssment.

(Continued on page 1)
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IMPRINT 2.8.7. Next, the “real work™ began. The
design was taken from prototypes (o actual code. To con-
tinue to guide the design, two more Sicering Commitice
meetings were held as well as numerous in-house reviews
and 1esting, sessions, Over 200 additional comments have
been logged, Remarkably though, the interface design
stayed hasically the same, This serves as a testament (o
the utility of doing protatypes and early reviews. If the
same problems had been found with actual code, they
would have been quite costly to fix.

IMPRINT 2.8.7 was made available 1o users in Octo-
ber 1996, It contains an estimated 90% of the analysis
capahility of the original HARDMAN I modules. It is
also fasler, casier to use, easier to install, and requires
less hard drive storage space. Redundancies and discrep-
ancies have been eliminated. What-if analyses are easier
because successive analyses can all be done with the sams
piece of software instead of moving the analysis from one
module to the next. In short, the transition from the DOS™
environment to Windows™ is complete—and none too
soon. As acquisition is streamlined and Army budgets are
trimmed, the need for this type of analysis has not dimin-
ished, but the timelines for doing them have.

TMPRINT Version 3 and Future Planning. To con-
tinue: to support the analysts with an ever-mare efficient
and effective TMPRINT, Version 3 was deliversd to ARL
HRED in December 96 for internal testing, the most sig-
nificant change being the introduction of the WinCrew
capability for advanced workload analysis. Using this
capability, rather than heing limited to a “parallel” as-
sessment of mental workload and performance, a link can
be made belween the lwo. Conditions can be set so that if
workload exceeds a defined threshold, performance 13
affected. It can be affected by slower performance, more

errors, chanpes in task allocation, etc. -

Enhancements being discussed for a potential Version
4 include, among other things, a training support pack-
age, more environmeantal stressor options to cxlend the
“whal-if" capabilities, additional maintenance modeling
features, the development of graphical aids for data in-
put, tighter links to manpower costing tools, and updated
personnel data lo match that found in FOOTPRINT. Also,
the verification, validation, and accreditation program, the
first phase having been accomplished for HARDMAN
T11, will be continued for IMPRINT (sce Allender, et al.
1995).

The next Steering Commilles meeting is being planned
for Spring 97. For more information ahaut the software
or the upconung meeting, please contact the U.S. Army '
Research Laboratory Human Research & Engineering Di-
rectorate, Atm: AMSREL-HR-MB, Aberdeen Proving
Ground, MD 21005-5425 (phone 410-278-0237, 6233,
or 5833, DSN 298],
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(excessive heat in our example), the consistent pattern of
problems across domains should motivate attention to the
underlying problemns.

Cross-Domain Integration {CDI) is generally a cross-
check from one domain to another to determine consis-
tency and to estimate the desirability of system design
changes. For example, if equipment configuration makes
1t “difficult” for an operator to perform and it the difli-
culty also creates a need for “extensive” training and prac-
tice, then a consistent analysis is generated that strongly
implies a need for design changes.

Lead Integration Agency Shift. An organizational shift
has now been arranged concerning the Army's lead
MANFPRINT organization for integration analyses. Most
recently, PERSCOM was missioned to routinely work
integration for TRADOC Integrated Concept Teams and
for Integrated Product Teams, with the Human Research
and Engineering Directorate (HRED) of the Army Re-
search Lab conducting integration analyses when
prompted by specific human foctors issues, A redoction
in the staff at PERSCOM has led the DCSPER 1o autho-
rize HRED o take the MANPRINT lead for integration,
PERSCOM will continue to conduct Manpower, Person-
nel, and Training analyses for the purpose of preparing

the MPT Assessment, and manage the Army’s
MANPRINT Training Program.

All domains are encouraged to conduct inlegrative
analvses when they s2e a need, but HRED now has the
primary role in performing integrative analyses. [IRED
will also collect reports from all of the MANPRINT do-
mains and draft the ODCSPER's MANPRINT Assess-
ments for ASARCs when necessary to resolve persisting
issues.

Part 1. Name Change for the MANPRINT Director-
e,

Army Regulation 70-1, Army Research, Development,
and Acquisition, Army Acquisition Policy, designates the
ODCSPER to be responsible for overseeing and execut-
ing the Army’s Soldier-Odented R&D (SORD) efforts.
The majority of the programs encompassed by SORD are
in the Army Research Institute (ARI) and HRED. The
DCSPER has recently missioned the MANPRINT Direc-
torate to execute his SORD responsibilities, given their
frequent close relationships with MANPRINT interests.
To signify the MANPRINT Directorale's additional mis-
sion, we have been renamed the Personnel Technolopies
(PERTEC) Dircctorale,

Jack 1. Hiller
Director for Personnel Technolagies

MANPRINT Training Schedule
MANPRINT Action Officers Course

CLASS # DATES LOCATION
97-001 12 May - 22 May 97 Forl Les, VA
97-702 12 Aug - 21 Aug 97 Redstone Arzenal, AL

MNEPR

MANFRINT Applications Courses are milored from 1 1o 5 days in length with a focus on customer
necds. These courses are given by special request.

CLASS # DATES LOCATION
97-708 23 Feb - 28 Feb 97 Fort Bragg, NC
97-704 G May - 9 May 97 Fedstone Arsenal, AL
97-705 24 Jon - 27 Jun 97 Fort Gordon, GA
u7-707 3 Aug - 8 Aug 97 Fort Leonard Wood, MO
97706 Q Sep - 12 Bep 97 Fort Hood, TX
o7-703 30 Sep -3 Oct 37 Rock Island Arsenal, IL

POC: MAJ Carmody or SFC Raveneau (703) 323-1360, DSN 221-1560 or
' (703) 325-8422, DSN 221-8422
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Summary of Results
MANPRINT Practitioner Training Questionnaire

Ms. Diana Lueker
Office of the Depuly Chicf of Staff for Plans, Force In tegration and Analysis
11.S. Total Army Personnel Command
and
Mr. Lanny Walker
Remtech Services Incorporated

. The results of the MANPRINT Practitioner training

questionnaire are in, The yuestionnaire was part of an
ongoing cvaluation and planning process to ensure the
continued accessibility and valoe of MANPRINT train-
ing in the rapidly-evolving Army systems acquisilion cn-
vironment, [t was administered under the aegis of the
MANPRINT Division, Office of the Deputy Chief of Staff
for Plans, Force Integration and Analysis, U.S. Total Army
Personnel Command (DCSPLANS, PERSCOM), in co-
ordination with the Army Logistics Management College
(ALMC), U.S. Army Training and Doctrine Command
{TRADOC). The Directorale for MANPRINT, Office of
the Teputy Chief of Stall for Personnel, Diepartment of
the Army, assisted in the design and review of the smdy
gueslionnaire.

The questionnaire solicited practitioncr opinions on
the usefulness and content of MANPRINT iraining. Italso
asked participants to provide information about their
MANPRINT duties, responsibilities, and activities. Three
hundred Lwenty-three practitioner-level questionnaires
were mailed and 170 responses were received—an ex-
cellent 53% response rate. Most of the questionnaires were
sent to personnel in the MANPRINT Quarterly mailing
list and the 1995 MANPRINT Directary: some other ad-
dressees were selected individually because of their rec-
ognized MANPRINT expertise. This was the first known
solicitation of training input from a broad sample of
MANPRINT practitioners, Not only did we gain valu-
able insights about the current and fulure training pro-
grams, but we also got a broad-based understanding of
just who the current practitioners are and Wwhat they do.

rlici e

' Responses o the questionnaire indicated MANPRINT

practitioners perform o wide range of fonctions and ac-
tivities. They are a mix of MANPRINT program manag-
ers, logisticians, MANPRINT domain specialists, other

analysts, and acquisition program managers. The primary
MANPRINT duty or dulies reported by the questionnaire
participants are summarized in Figure 1.

Prowids gl be
LAMPIEN] prigrmm

Hungrrg el M ————
LAMPIET prigain e

Persanmel a8t

Llargoraw

Tralning

Hesman Fackrs
Engareasing

—

% 10% 0% 0% 40% B LA

Figure 1. MANFRINT Duties and Responsibilities

QOnly 17% of the respondents indicated that their pri-
mary duty was overall MANPRINT program manage-
ment. In contrast, 48% said they provided input to the
MANPRINT prugram for one or more: systens, and 34%
said they regsived output. The greatest domain represen-
tatinn was for human factors engineering (21%). Fifteen
percent of the respondents believed that their duties wers
not related o MANPRINT.

The guestionnaire participants had gxlensive
MANPRINT experience. Filty-six percent had 3 ycars or
more and another 20% had between 1 and 3 years. Only
0% reported none. Figure 2 summarizes the MANPRINT
experience Teported on the questionnaircs.
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Figure 2. MANPRINT Experience

Respondents believed that MANPRINT training
is valuable, The 140 respondents who had had training,
either ina MANPRINT course or as part of another course,
were more positive about its value than the 30 respon-
dents who reported having had no training. Nevertheless,
both groups had a positive opinion overall.

Questionnaire participants rated potential areas of in-
struetion in initinl MANPEINT training according to the

Ganaral ovarview, MANPRINT
and Armry Acqulsitien

Bropd ovarview, MANFRINT
philesophy and frogram

Apphying MANPRINT 1o matedal
sysloms, dolailed -

dodpiled

Parsonnel Caopabilitics
kManpmer

Te ain‘.ng

Epldiar Surdvablilily |
MANFRINT ASSEssment e
1achniques, In depth P

Applying MANPRINT 1m0 AlS, e
detelled

degree of benefit to them. The priority scale was:
3. High Priarity—Greatest benefit

2. Moderately High Priority—Significant benefit

1. Modemte Prionty—Usclul if time availuble

0. Do not nesd

TFigure 3 prosents the percentage of respondents ral-
ing the potential arcas of instruction at least moderately
high priority— a “3" or “2" raling.

At least 50% of the respondents rated all but two ar-
eas, “Manpowoer” nnd “Application of MANPRINT in AlS
programs,” as at least moderately high priorily, Manpower
was so rated by only slightly below 50%. The lower rat-

ings for A1S are probably attributable to the relatively few
respondents who have ALS responsibilities.

MANPRINT Training in the Fulure

Planning for future MANPRINT training strategies is
still in progress. Thanks again to the guestionnaire par-
ticipanis for sharing your experience and insights.
MANPRINT tmining plans, progress, and changes will
be reported in [uture editions of the MANPRINT Quar-
terly.

| |
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Figure 3. Percent of Respondents Rating Indicated Training Areas “3"—Very High Priority or “2"—Maderately
High Priarity -
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