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The T800 Engine:
A MANPRINT Success Story

Bill Howington and Wes Goldthwaite
Prait & Whitnay

APW, a joint venture betwaen United Technolo-
gies Prati & Whitney and Textron Lycoming, suc-
cessiully applied MANPRINT philosophy to the
design and development of the APW Ta00 engine
candidate for the LHX/T800 engine competition.
MANMPRINT was In fis infancy in 1985 when the LHX
engine competilion contraci was released; although
requirements were much less defined then than
today, the T800 represents a significant application
of MANPRINT to a major Army weapon system
acquisition.

APW applied MANPRINT using a basic three
point model: Plan, Organize, and Implement. To
provide the guidance for implementing MANPRINT,
a Syslam MANPRINT Management Plan (SMMP}
was developed using AR 602-2, “Manpower and
Personnel Integration (MANPRINT) in the Materiel
Actuisition Process,” a8 a reference. The SMMP
was updated twice during the program.

An autonomous MANPRINT team was formed,
with the MANPRINT Manager on an equal status
with that of the Reliability, Avallability, and Main-
lainability (RAM) and Integrated Logistics Support
(ILS} managers. The MANPRINT team became part
of a checks and balance system that included
MANPRIMT analysis; Problems, Issues and Con-
cerns (PIC) iracking; and sign-off on all trade stud-
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T800 {continued from page 1)

iss, design reviews and Problem [dentification
Reports (PIRs).

MANPRINT was implemenied through a matrix
managemeanl model with each MANPRINT discipling
acting as an independent function, but integrated
through the MANPRINT team and the MANPRINT
Joint Working Group (MJWG). This madel paralleled
contract and Source Selection Evaluation Board
(SSEB) evaluation requirements. A Design Criteria
Memo was then developed under Logistics Support
Analysis (LSA) Task 205 (Supportabilily and Sup-
poriability-related Design Factors) to estaklish
MANPRINT goals and objectives and identify engl-
neering design requirements and constrainis. This
decument then became the beat to which the averall
APW leam marched in designing the TB0O for sup-
partability, 1hus ensuring that MANPRINT was
designed in...not added on.

The MANPRINT process began by sensilizing
APW designers and logistics parsonnel to the
soldiers’ “real world” environment through visits to
Army user and depot-level installations, Subseguent
visits to these installations included use of a mock-up
APW TBOO engine. During these visits, interviews
wilh more than 600 scoldiers were conducted to obtaln
their comments conceming the design and supporta-
bility fealures. This fesdback provided data to
ensure that the current engine design and any fuiure
changes were consisient with the goals set forth in
the Design Criterla Memo. These contracior/Army
inMlerlaces were ¢ritical fo pulling and keeping the
"man in the loop.”

The trade study process, along with supporiabilily
design reviews, provided imporiant methods by
which MANPRIMT Influenced engine design. Trade
studies served to alert MANPRINT parsonnel 1o
potential conllicts with goals and objeclives before
actual hardware development. Supportabilily design
raviews ensured that supporiability and related
design requirements, set forth in the Design Griteria
Memo, were kept in the forefront of the design
process and incorporated in the resulting configura-
tian. The MANPRINT team had input and sign-off
responsibility on all trade studies and deslgn reviews.

Specific MANPRINT analyses were performed on
each Line Replaceable Unit (LRU) and Module
identified in the Legistic Support Analysis Record,
(LSAR). A number of the parameters of this analysis
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parallel those for man-machine inlerface enhance-
ments proposed in the new MIL-STD-1388-2B, "De-
pariment of Defense (DOD) Requirements for LSAR
Record.” A MAMNPRINT sensilivity analysis was per-
formed, when necessary, 1o evaluale the effect of
interdiscipling trade-oils to meet MANPRINT goals,
ahjectives, and design requirements specilied in the
Design Criteria Memo,

A preliminary training analysis was performed as
parl of LSA Task 203 (Baseling Compariscen Analy-
sis). At thal time, il was forecasted that because of
the maintainable design and high reliability of the
APW Ta00, combined wilh the requirement for a two-
level maintenance concept, training would be minimal
and could probably be limited to New Equipment Fa-
miliarization Training. The training requiremenis
analysis conducled as part of LSA Task 401 (Opera-
lional and Maintenance Task Analysis} confirmed the
early forecast.

Maintainability/Human Factors demonstrations
provided MANPRINT personnel wilth an opportunity to
validate MANPRINT concepts. Helicopter Powerplant
Hepairers, Military Occupational Specialiy (MOS5) 688
and other Career Management Field {CMF) &7 MOS
male and iemales, of different anthropometric profiles,
skill levels, experience, and aptiludes, were used to
perform user-lavel mainlanance tasks. These tasks
were performed in Battle Dress Uniform {BDU),
Mission Oriented Protection Posture (MOPP IV), and
arctic gear; in daylight and dark conditions; and In a |
mockup LHX engine nacelle. The anthropomelric
profile and Armed Forces Qualification Test (AFQT)
personnegl requirements were met during these
demonsiralions. The demonslrations verified that
both MOS 688 and other CMF 67 MOSs were
tapable of performing the APW TB00 user-level 1asks
with ne increase in training burden and no noticeabls
differenca in task time or difficuliy.

Analysis of the demonstrations, workload and
manpower forecast, ease of maintenance, and the
two-level mainienance concept showed that a signifi-
cant savings in the Army force structure could be i
achieved by using an LHX Helicopter Repairar !
instead of 688 Powerplant Repairer to maintain the
T800 under a two-level maintenance concept.

Problems, Issues, and Concerns (PICs) resulting
fram analyses, trade studies, design reviews, and
demonstrations ware entered into the MANPRINT




PIC data file. The MANPRINT team ensured that
gach issue resulied in a Problem Idantification
Report (PIR}, or trade study. To ensure manage-
ment visibility, a MANPRINT “hit list” of the lop PICs
was published weekly.

An overall MANPRINT objective of the APW feam
was lo answer the Army's question: Can this soldier,
with this training, perform these tasks, to these
standards, under these conditions? (See Figure 1
below.) Findings of MANPRINT analyses, by do-
main, are as follows:

Manpower/Personnel. Only one mainlainer was
necded 1o remove any LRU, and, at the mast, two
maintainers o remove any module. MOSs other
than 688 were able to maintain the T800. In addi-
tion, MOS consolidation was recommendead.

Tralning. The new Equipment Familiarizallon Train-
ing was found to be adequate, and interaclive video
tralning can serve for sustainment training.

Human Faclors. All modules were found fo be
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wilhin weight and size limifs for handling by ne more
than two male or female maintainers. All LRUs were
within weight and size limits for handling by no mare
ihan one male or female maintainer. Fluid and
electrical connections were designed for operation
with arctic and MCPP IV gloves. All LRUs were con-
figured for ong-way inslallation. No field adjustmenis
were needed for performance. All bolts were forqued
equally and visually, with no torquing tocls required.
LRUs requiring frequent removal are accessible
without disturhing adjacent LRUs. Design includes a
{ull-capability diagnostics syslem.

Sysiem Saiety/Heallh Hazards. External cases
minimize cavities and pockets which collect dirt, oil,
and conlaminating materials. Sharp/pointed edges
were removed fram components lo prevent personal
injury. Loose hardware was reduced through the
glimination of lockwire and cottor pins and the use of
caplured non-standard belts and O-ring saals. Lock-
wire was deleted to reduce personal injury. NBG/
corrosion resistant material and coatings increase Lhe
life ol the engine parts, and all exlemal fasteners are

Confinued on page 7

QUESTION: ANSWER:

Can thls seidier. . .

With this tralning . . .

Perform these tasks. ..

To'these slandards. ..

Under these condlilons. ..

in darkness

» Tasks were performed by the Sth-35th anthropometric profile femalaimals

- Tasks were performed by tha AFGT Category IV soidicr for tha targel audioncs MOS
+ Workload is sufficently small, combinad with sace of maintenance and tasks similar 1o
thaea of MOS 67 led 1o MOS consolidatisn recommendalion

« Non CMF &7 MOS {63E) demonetrated capability in performing uzer-lovel tasks

+ Training burdens consicaratly decreased because of simplif iod tasks

- MOS consclidation will not insrease training burden

« Mon GME MOS ezuld supporl TS00 with minimal reming

« Interactve vidoo coursawara will provida Army flaxibility in use lo cnsurs
immediate and susteined proficiency training

+ Tashke aro nefther physically nor mentally demanding
- Design laatures raduca the passibility of emor
+ Tasks are shorl and consclidated

« Tasks suecassiuly demonstrated surpassed goals end objectives

v Tushs succasshuly damanstrated in arctic slothing and MOPF IV gaar
. Tasks succassiully domonstrated on the bench and in mack-up enyine hay

Figure 1. MANPRINT Successiully Answers the Question

#




VIRTUAL MOCKUP

Joz W. McDanial, Ph.D.
Harry G. Armstrong Aerospace Medical Research Laboratory
Air Force Systemns Command

Editor's Note: This arlicle (s an edited versionof a
draft chapfer wiitten for an upcoming book on
MANPERINT. Dr. Harold Booher, Director, MMANEPRINT
Office, ODCSFER, is editing the book, which will ba
published it the Spring of 1930,

Computer-aided design (CAD) provides a new en-
vironment for implementing MANPRINT philosophy,
focusing research, and improving the transfer of
technologlas In the human padformance dimeansion.
Modern GAD systems translate designs inmto “elec-
tranic mockups” which can then be quickly and
accurately evalualed for user accommodation using
new anthropometric design fools. Without such tools,
these types of evaluations are rarely cost effective or
of sufiicient quality.

To aid in lask visualization for a developmental
urew-operated system, the Army is developing a tool,
callad VIBTUAL MOCKLUP, that will aliow designers
or evaluators lo create an animated {ask sequence
showing the complex interaciions befween {he crew
and system. System dynamics and interactions are
ofien not well understood during concept develop-
ment. Engineers may have equations describing the
dynamics of a new syslam, but have no way of
visualizing them. VIRTUAL MOCKUP not only
provides a viewlng mechanism, but also a {imeline of
the activities to aid in task analysis. Further, a
preliminary hazard evaludtion is ollen producad from
the inlormation provided by ihe animation.

The VIRTUAL MOCKUP program incorporates
lwa other programs: the Plech modsl developed by
Associative Design Technology, and the JACK model
developad by the Universily of Pennsylvaria, Aulo-
mation Research Syslems, Limiled {ARS), is infagrat-
ing lhase programs to farm the VIRTUAL MOCKUP
system.

The Plech pragram provides the framework for
defining complex task sequences in a natural-
language, flowchart larm. The boxes of he flowchart
ara linked 1o tailored script sequences which drive

the animation of the 1lask described in each box.
Plech allows the user to enter sallent knowledge
factions, movements, siluations, etc.) and the user's
concept of the work seiting and work segments. Each
task segment Is represented by a single block of the
diagram, which can have alternative palhs at each
node. When all are defined, lha user simply selects a
path through fhe diagram to assemble the enlirs task
sequence. Each path represents a variation of the
task sequence scenario.

The JACK portion of VIRTUAL MCCKUP animates
the sequence defined by Ptech. JACK provides
visualization for the activity sequence in 3-0 colar
uging a Silicon Graphics 1RIS display system. This
digital animation yields much mare information than
does a video tape of an actuallask. Every frame has
time and pracise 3-0 geometry represenling not anly
the workplace, but also the poslure ef each of the
workers in the complex task sequence. Interactions
amang ihe workers can be inspected al any scale and
resclution, and can be replayed and reanalyzed as
required. The animation can be viewed from any
angle or, by paritiching the screen, {ram multiple
viewpoints simultaneously on the gingla display
screen.

VIRTUAL MCCKUP is being linked to a Measure of
Effectiverness (MOE) model developed by ARS and
Communications Technology Applications (CTA)
under contract ta the Anmy Human Enginecring
Laboratery (HEL). The MOE modsl is a PC program
linked to the IRIS workslation through UNEX windows.
The aclivity sequence generales and passes parame-
ters to the MOE model, which computes and displays
parformance parameters associaled with the action.

VIRTUAL MOCKUP is best used where real
prototypes are expensive. 1ts primary value is nat in
an experimental environmeni (predictive), but rather
for concept explaralion and lor synthesis and presen-
tation of oplimal findings. The system supports
interactive modifications in system design and rapid
visualization, resulting In an integration of information
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spread over many people, steps, and time.

VIRTUAL MOCKUP Applications

Problem: Why ig the Dragon Anti-tank missile
difficult ta fire accurately?

The Dragon is a TOW (Tube-launched, Optically
tracked, Wire-guided) misslle. The missile is in a
disposable ube with & bipad support on the front of
ihe tube. The cperator sits on the ground and holds
ihe rear of the launch tube on his right shoulder, and
aims the weapon by moving the aft-end of the tube

by posture adjusiment. To change the aim to the lefi,

the operator must shift his upper body to the right.
Durng the missile flight, the operator musl continue
to alm ihe sight at the target. The optical sight
senses the deviation between the missile's posilion
and 1he line-of-sight to the target and sends steering
corrections to the missile through wires that trail oul
of the aft end of the missile. In other words, the
missile follows 1the aim of the sight. The oparalor
wraps his right arm under, arcund, and over the lube
{o reach the trigger. When the missile is fired, the
noise far exceeds the maximumn allowable for impact
noise, and 1he operator is briefly enveloped in the
exhaust flash and smaoke.

Application: The Dragon firing seguence Is pro-
grammed into the VIRTUAL MOCKUP program.

Initially, the program user can select 1o view the
scenario irom the Dragon operalor's viewpeint, that
is, through the optical sight. When the simulated
launch is initiated, sevaral of the problem condilions
can be demonstrated and recorded.

* Most of the 28 pound weight of the Dragon system
disappears whan the missile fires, causing the
operalor ko recoil upward, sometimes steering the
missile into the ground. With the weight and ineria
of the launcher changing so drastically, the fesl of
tracking the targel prior 1o and after firing are com-
pletely difterent. To counter this change, the opera-
tor should pull the tube down against his shoulder
with about 150 pounds of force to minimize the recoil
effects. H the dynamics of this recoll are pro-
grammed into the VIRTUAL MOCKUP scenario, the
efiect on aim is clearly visible in the through-the-
slght-view of the scenario.

* In !;I:.a tirst geconds after firing, the missile appears
larger in the sight than does the 1arget. The missile
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exhaust is bright and attention getting, whereas the
larget is camauliaged and dillicult to see against the
background. Semetimes the Dragon operator begins
tracking the missile, causing the missile Lo 1ly off
course, missing the target. If the VIRTUAL MOCKUP
tracking equations are programmed 1o track the
missile, the effect on aim is clearly visible In ihe
through-the-sight-view of the scenario.

» Because breathing while the missile is in flight
causes the aim lo deviate, operalors must hold their
breath 12 to 25 seconds during final aiming, firing,
and missiie flight. This may not be easy if the soldier
was running just prier fo finng. When the dynamics
of breathing are programmed into Lhe VIRTUAL
MOCKUP scanario, the effect on aim is clearly vislble
in the through-the-sight-view of the scenaria. Inad-
verent launch tube movement of one degree causes
the aim to deviale off the larget by @ melers at &
typical firing range of 500 meters, The VIRTUAL
MOGCKUP shows deviations of several degrees due
to breathing.

+ Oversieering is bad for two reasons: (1) it may
exhaust the missile's limited rocket fuel betore
reaching the targst, and (2) a miss may be inadver-
lently commanded because operators are not
arcustomed to performing precision steering with
trunk movements. To change the aim, the operator
must crouch downward lo lower the rear of the tube.
When the dynamics of steering lag and oversteering
are programmed into the scenario, the effect on aim
is clearly visible in the through-the-sight-view. The
simulation can alse compute the dilference between
the actual flight path in the simulation and the ideal
straight-line path.

The VIRTUAL MOCKUP program operalor gan
also view the scenario fram the side, where othar
problems can be seen. Selecling a 5th percentile
body size shows that smaller-than-average cperators
can just barely reach the right amm around Ihe tube 1o
the irigger. Even though the smaller people can
reach the trigger, the stretching action limits their
body mobilily for aiming.  Again, the operator can pull
the tube down againsl his shoulder with about 150
pounds of force fo minimize the recoll efiects. Gen-
grating this much lorce, however, stresses the same
arm and trunk muscles which must be used simulta-
neously for precision aiming and tracking. Despite
the adverse effect on tracking, suddenly releasing the
gripping force could cause an even larger devialion.
Also, while the operator is pulling the tube down onio

Continued on page 7




MANPRINT Training:
A Success Story

CPT B.. Tucker
Soldier Support Cenler-Mational Capital Region

“Ag available resources continue to dwindle, It is more important than ever thal we maximize
the returns we receive for evary dollar invested in an acquisition, and MANPRINT can help save us
a fot of money in the future . . . so it is imperative that wa do MANPRINT right. The Army has known
for some time that we couldn’t design a system and then try to jam people inta it. When that happens,
you are pulling the cart before the horse, and it flat won't work. In today’s fiscal environment, we jlst
won't get the dollars needed to redesign equipment, so we have to do things right the first time.
MANPRINT has got to be driven by believers. And how do you make them balievers? By doing
MANPRINT training; by getting the requirements guy and the developer fo sit down together and lalk

through the MANPRINT process.”

The Soldier Supporl Center (S5C), Fort Benjamin
Harrison, Indiana, was appeinted the Anmy-wide pro-
ponent for MANPRINT fraining in October 1987, Tha
Soldler Support Center-Mational Capital Region
[SSC-NCR), located in Alexandria, Virginia, was
givan Liva mission o execute MANPRINT tralning.
Department of Defense (military and civilian) parson-
nel and Industry are eligible to attend the two formal
MANPRINT courses. The MANPRINT Senior
Training Course (MSTC) is designed for upper and
mid-level management, while Tha MANPRINT Stafl
Officer Course {MSOC) is intended for action officers.
These courses have trained over 2100 people 1o
dats.

The MSTC is taught at TRADOC and AMC inslal-
lations. One ol the course functions is to have the
saniar and mid-level leadership from a TRADOC
school sit down with 1heir counterparts from AMGC and
indusiry. This gives each command a beller appre-
ciation of each other's roles during materiel acquisi-
tion. During the courss, a system commoen to each
group is covered to provide a focal paint for the
week-long instruction. The host Installation com-
manding gansaral or his representative normally
opens the course with a personalized briefing on how
host senior and mid-managers view their part in the
materiel acquisition process. Because interaction is
the key to a well-rounded learning experience,
attendess work through a practical exercise designed
1o facilitate an exchange of ideas belwsen the two
commands.

MG Stephen R. Woods, Jr.
Commander, Soidier Suppont Center

The MSCC, taught at Fort Belvoir, Virginia, is de-
signed to give action officers a basic knowledge of
materiel acquisition and MANPRINT implementation
at the Instaliation level. During the thres-week
course, the students study such topics as the Life
Cycle Systams Management Model, the budgeting
process, the six MANPRINT domains, program and
requiremants documents, grganizations involved in
the acquisition process and the importance of
conducting MANPRINT analyses early-on.

After a course orientation, MSOC students are
given a diagnostic test on MANPRINT and materiel
acquisilion. Initial test scores naturally reflect the
individual's previous sxperience. (Missing three out
of every four guestions is nol uncommaon!) In addi-
tian, students get an idea of their strong and weak
areas and the lype of questions thal they may expact
on the two MS0C examinations.

MSOC graduales agree thal ihe course is a chal-
lengs. Additional study lime afier class is encour-
aged, as is group study lo enhance the student’s
learning experience. Students are required to pass
the two examinations in order to graduale. A review
is given prior to each exam to help ensure thal
students have leamed the lesson objectives. Instruc-
{ors are also available after class for additional assis-
lance, if necossary.

Experience has shown that it is important for stu-
dents fo represent a cross ssction of the geouisition
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community In order 1o promote a healthy exchange
of information. To facilitate this, the MANPRINT
training gilice has made a conceried effort to
balance the experience and organizational back-
ground of the attendees from AMC, TRADOC, and
industry in each session. Hearing how the “other
guy” does things provides a well-reunded leaming
experience and gives new insight into haw materiel
acquisition is accomplished.

Studenl course critiques are an important ale-
ment within the MSOGC. They provide valuable and
timely comments which are given careful considera-
tion in course direction and content. Based upon
these critiques, presentations are changed to betier
instruct the class, material is updated 1o kesp up
with the rapidly changing fields of MANPRINT and
materiel acgquisition, and instruclors get a better
understanding of how 1he different class participants
view their roles in MAMPRINT.

MAMPRINT training has been well recelved by
the acquisition community as an aid which enhances
the process of the soldier-machine inlerface.

Coursa graduates deparl with a feeling that sarly-on
MANPRINT analyses can make a difference. Influ-
encing design helps ensure that we field systems o
meet ihe Army’s needs. Conlinued success can
only be maintalned by the combined support of Army
and industry. Alternate means of training are being
considered 1o bring MANPRINT training 1o the
widest possible audience. Exporable training
packages that provide on-site fraining, training
modules for all service schools, and non-resident
training courses are some of the ideas being consid-
ered for Implementation in the immediate fulure.

MAMNPRINT has come a long way since its incep-
tion in 1884, however, its Iocus mmains constant: To
equip the soldier 1o fight and win on the batllefield.
We must always be able to answer posiiively when
asked the guestion: Can this soldier, with ihis
training, periorm these lasks, to these standards,
under these conditions? As we look lo the 1920's
and beyond, we will continue to keep the soldier and
his capakilities at the forefront when designing new
materiz! systems. This will ensure that MANPRINT
eontinues as a success story!

For maore informalion, contact CPT B.J. Tucker,
Soidicr Support Centar-Mational Gaptial Region,
Manning Integration Cirectorate, 200 Stovall Street,
Alexandria, VA 22332-0400. {703) 325-2090.

VIRTUAL MOCKUP (continued from page 5)

the shoulder, the eye may not line up with the
sightpiece. This also varies with body size. A side
view of the scenaric shows how well the eys and
eyepiece line up for different sized operators.

In summary, VIRTUAL MOCKUP can help the
designer visualize and understand some of the very
complex interactions in using a weapen system. This
tool does not predict action, but rather describes pre-
programmed aclivities. The dynamic modals (brealh-
ing, oversteering, etc.) which describe each of these
interactions do not exist at this very early stage of
VIRTUAL MOCKUP development. Each model must
be custom-made and linked to the program. Later, if
che of these is uselul in another case, the user can
select it from a llbrary of tasks rather than create it
from scratch as must now be dona.

in developing an animaled sequence scenario
using VIRTUAL MOCKUP, all the intormation Is
accumulated necessary for task analysis and opera-
tor and maintenance manuals, therelong providing a
double utility for a developmental system.

For more Information, contact LTC Rudalph L. Laing,
HQDA (DAPE-MR), Washingion, DC 20310-0300.
AV 225-9213 or COM (202) 635-8213.

T800 (conlinued from page 3)

made of the same malerial to prevent installing the
wrong fastener.

In short, asking MANPRINT-kinds of questions
and resolving any resulting concerns during the
design and development ol the T800 engine served
to ensure that the engine could be salely and easily
maintained by lhe numbars and types of soldiers
specilied by the Army. The TEB00 engine is truly &
“MANPRINT" success slory before its time. Pralt &
Whilney believes In and practives MANPRINT
principles and is eager to work with the Department
ol Deiense 1o incorporals the intent of DOD Directive
5000.53, “Manpower, Personnel, Training and Salety
(MPTS) in the Defense System Acquisition Process,”
in ité everyday business.

For more information, contact Bill Howlngton, Pratt &
Whitney, PO Box 1056500, Wes! Palm Beach, FL
33410-8600, M/S 703-05. (407) 795-7331.
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Implications of System Test Data
for Training Resource Decisions

Jean L. Dyer, Georgann Lucariello, and Frederick H. Heller
Army Research Instifute - Ft. Benning Field Unit

A critical training issue facing
decisionmakers concerns the
resources necessary lo achieve the
required level of saldiar proficiency
on a weapan system. Preliminary
training decisions influence the
training support in Institutional and
unil fraining throughout the system’s
ife. What can be done to lower the
declsion-making risk?

Systems must be designed so
that training problems are reduced,
thereby minimizing the number and
complexity of iraining issues to be
resolved. Many approaches can
and are being used; this arlicle
focuses on twa lypes of data avail-
able from gystem tesls: task
difficully ard information on the tralning programs
which prepare soldigrs for tests.

As part of a training impact analysis on the Ad-
vanced Antitank Weapon System-Medium {AAWS-
M), training rescurce and saldier praficlency informa-
tion available from historical lest dala on the preda-
cessor sysiem, the Dragon, was oblained. Training
on AAWS-M prototypes was also observed. System
iests were pariicularly valuable because the special
measures of soldier proficiency oblained in such lests
are not always avallable during insfitutional or unit
Iraining [8.g., instrumented live-fire trials, firing in
special limited visibility conditions). Likewise, valu-
able dala on the training programs for these tests
provided the crilical links between instruclor behaviar,
training resources, and soldier periommance.

Task difficully is one of many factors that influence
the training process and the comresponding training
resources. Because the AAWS-M impact analysis
showed similarities between some of the gunner
tasks and skills raquired an both the Dragan and the
AAWS-M, published reports of Army tasis on the

The Predecessar System:
The Dragon

Dragan were reviewed 1o deter-
mine lask/skill dilliculty, The
resources used to train soldiers for
gach test were also identified. In
aifect, lhe review constituted a sec-
ondary analysis of the dala; 1est
reports were considered vital
hislorlcal documenis.

Allhough each tast had a unique
purpass, it was assumed that,
when considered collectively, the
histerical data on Dragon would
provide information on most
Dragon gunner tasks. Seventeen
operational tests and additional
analyses conducted from 1972 to
1986 were raviewad. The test
results conceniraled on hil proba-
bility and documented firing problems. More sophisti-
cated instrumentation, such.as thru-sight video,
revealed even more delailed infarmalion on gunner
performance during Dragoen firing; this, in turn pro-
vided a better understanding of the nature of the
firing task. A complete picture of task difficulty,
however, was nol provided. Gunner preficlency was
assessed on only hall the tasks. Some important
subskills, such as the gunner's use of stadia lines
and the sight pictura to determine whether targets
are engageable, were examined infrequently or not at
all. With the exception of 1arget deteclion, measures
of bolh time and emor data were not collecled on
individual tasks and skills.

Another assumption was thal, given the empha-
sis on Dragon fraining and training devicas in many
of the lests, the program of instruction {PO1} would
provide insighl into how an effactive AAWS-M POl
might be designed. The lraining information, how-
ever, was typically limited to a ane or lwo-page
autling of PO topics, plus the Dragon training
device liring tables. No formal cbservations were
made which dogumented all of the training resources.

B
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The grealest detail regarding the Iraining process
was found in tests which examined the amount of
time required on the Dragon iraining device.

To obtain specific information on AAWS-M
tralning requirements, AAWS-M contracter training
during praoof-cf-principle was observed, and training
resources documented. These chservations were
exiremely valuable in estimating final FO! require-
ments. As expected durdng early stages of system
development, however, the contractors designed
their instruction ko meet the needs of each test, and
soldier training was conducted on prolotypes. Thug,
as with the Dragon tests, not all gunner tasks/skills
were frained. Consequently, the Impact of discrepan-
cies between prolotypes and the expected final
designs upon skills acguisition, skill decay, and
fraining rescurce requirements had to be estimaled,
as did the resources required for the tasks not
{rained.

It may be unrealistic 1o expect detailed informatian
on training programs In system test reports. How-
ever, given the cosl of many system tests and the
unique data they provida, the inclusion of more
information on soldier fraining in test reporis would
be extremely valuable to decisionmakers, for very
little cost.

In instances wheare many and/or complax gues-
tions regarding training are unresalved, a formal
comparison of alternative training programs may be
advisable. Such situations include: determining how
to use new lraining devices; comparing alternative
instruciional sofiware on a device; determining
training device slandards; delermining training
effectiveness with specilic soldier and inslructor
populations; examining possible inleractions belween
soldier traits and training programs; and determining
training resource proficiency irade-ofis. 1t Is gener-
ally easier to conduct resaarch on fraining problems
during system and training device development,
when everyone is in the "experimeniation mode,”
than after system fizlding. Information on the training
process gained during system tests can reduce the
risk for decisionmakers by providing batter aslimales
of training cosls before system fielding.

Far mare infarmation, centact Jean L. Dyer, US Army
Research Instilute, ATTN: PERI-J, Fi. Benning,
GA. AV B35-5588 or COM (404) 545-55885.
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HCI Absiracts:

The First Abstracting Journal
on Human-Computer Interaction

_HCI Abstracls, the first absiracting journal
daevoled entirely to 1he literature in the area of
human-computer inleraction, will be publishad this
summer by Ergosyst Asscciales, Inc.

Derived from the Human-Computer Interaction
{HCI) Library Database at the Scottish HCI Centre in
Glazgow, Scolland, HC| Abstracts is designed for
deparments and workgroups involved in HCI re-
search and development, as well as corporale and
academic libraries serving computer scientists,
engineers, researchers, and designers concerned
with any aspect of compuier usability.

The scope of HCl Abslracts extends from com-
puter systems and applications 1o embedded micro-
processor technology invelving computer-based
interaction in non-computer systems. Abstracls
cover books, journals, articles, reports, and confer-
ence proceedings in the English language irom
world-wide sources-- in short, rezearch and applica-
tion in all relevant areas.

Absiracts are organized inlo categories such as
usear inlarface design, deslgn guidelines and stan-
dards, tools and metheds, documentation and user
tralning, sofiware engineering, organizational and
social factars, and such applications as MIS, office
syslams, computers-as-media, dedicated and
embedded systems, and computer-based education
and training.

The emphasis of this new international, quarterly
Journal is on timeliness and selectivity. Absiracts are
being enterad on the HCI Library Data base at the
rate ol 500 a month. The HCI Centre has issued a
call for participation te help them develop this dala-
base into one that will ensure that human computer
interaction is thoreughly covered. Send all suilable
malarials to Dr. J. T. Mayes, The Scottish HCI
Cenlre, George House, 36 Morth Hangver Street,
Glasgow G12AD, Scotland, UK,

HCl Absiracts (Volume |, Number 1) will be pub-
lished this summer. ISSN 1042-0193. $287.00/
year. For more information, conacl Ergosyst
Assoclates, Inc., 810 Massachusetls Strest, Suile
303, Lawrance, KS 65044, (913) B42-7334.
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Organizing for MANPRINT:
Industry’s First Task

Rebert E. Spiizer
Boeing Military Airplane Corporation

In the development of improved weapons syslems
and the lraining systems which supporl them, there
are a limited number of options to pursue. Such
systems consist of the hardware and software and
the soldiers who interface wilh 1hat equipment--io
include both operators and maintainers. Improved
system performance requires an improvement in at
least one of these components. !

Despite all tha technological advances of the 20th
century, we have been able lo da little 1o alter the
basic design of the soldier. Akhough loday's Ameri-
can soldier is taller and heavier than his 15th century-
counterparts, the basic design remains {he same:
Two legs, two hands, and ten fingers. Even with
experimentation in genetic enginaering, it is unlikely
that tornorrow's soldier will be any different.

Although soldiarg must be considered as con-
stants in the eguation describing systeémperformance,
it may be possible to extend their contribution by
impraving the human-machine interface. Regardless
of whelher we use technelogy 1o better performance
through improvements in equipment design or in
human-machine interfaces, it is the conlractor who
musl maka the design changes.

As R. Bruce McCommons pointed out in the May/
June 1988 Issue of the MANPRINT Bullgtin, although
the kay to success for this program lies within the
government, “...1he bulk of MANPRINT aclivities will
be done by confractors.” Thus the government's
problem centers on how to communicale its needs
and concerns 1o the contractor to ensure that
MAMPRINT issues are addressed during eguipment
design and development.

Curing my MANPRINT training, | {ound that Lhare
were a number al students wha belleved that the
best way 1o ensure consideration of MANPRINT
issues was to require thai coniraciors provide a
number of reporis identifled on a Contract Deliver-
able Requiremsnts List (CDRL). This impression
was reinforced when | reviewed the Juns 1988
MANPRINT Primer: “Appendix E" lista aver filly
authorized Dalta Nem Deseriptions which may be

included as CORL items in a contract. N has been
my experience that increasing the requirements for
reparls will be less than effective in improving the
design of weapans systems. When you ask for
reports, you get reporis. While they cosl monay, the
return on investment remains small. In fact, when
ellarl must be expended in reporting on what was
done, it is subtracled from the effert expended on tha
task itself.

A second appreach to achieving MAMPRINT
goals centers on a reorganization in which
MANPRINT offices are crealed and supported with
overhead funds to serve as walchdogs on the
corporate dasign efforts. The Prmer specilically
states that it does not intend to “dictate how and
where industry should integrate MANPRINT,” but
consider the impact of "Appendix A" on a compell-
tive procurement: “Evaluation of offeror's proposed
MANPRIMNT organization,level of efforl, lines ol
authority, etc...”

In a proposal, emhedded MANPRINT linas of au-
thority and assignment of MANPRINT responsibilities
to lIne managers daes nol have the impact of a dedi-
cated, “boxed” MANPRINT manager. Maost major
contractors already have a lechnical stall with
sxperlise in all six of the MANPRINT domains, I the
Primer implies ihat contractors should create yet
ancther level of management to integrate and
coordinate their effor, the costs of weapons systems
willincrease withoul corresponding Improvements in
weapons system performance.

Whal, then, is the answer? How should the Army
go about securing the cooperatien of industry in de-
signing and developing waapens systems which
optimize total system performancea by incorporating
manpowar, persennel, training, human laclors,
system safety, and health hazards considerations
into the process? | believe that the design engineer
is (and should be) responsible to sea that the
design meets all of the specification requirements.
This is a legal requirement a5 well as a pragmatic
truth. Corporations have devised camprehansive
review processes to ensure that designs of their
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products meet not only the stated contraclual speciti-
callons, but also the guidelines of a sound engineger-
ing practice. The key to incorparating MANPRINT
consideralions inte weapaon syslems design is the
inserion of proper MANPRINT raquiremenls inla the
specifications and Statements of Work, Once this is
dong, the astablished engineering design system will
be working for MANPRINT.

How should the Army accomplish this? The solu-
tion Is simple: We must ensure thal ihe specilication
places the burden of designing for the soldier
squarely on the design engineer. Typlcally, this
individual is the most highly skilled senior engineer
working for the corporation. The design engineer has
reached a position of senlorily because of skills,
experlise, experiance, and motivation to produce a
superior product, Qur problem is to discover how we
may take advaniage of these abilities.

The solution to this problem lles concealed in
ancther guestion: To what drummer doas the design
engineer march? That is, what motivates design en-
gineers to incorporate custemar requirements in their
deslgn and perform their jobs to the very best of their
ahility? Fortunately, we know that the design engi-
neer works lo create a product which economically
meets the requirements of the speciflicalion and
incorparates sound enginesring design practices that
ansure compliance with customer requirements. The
solution to incorporating MANPRINT considerations
imo the weapons system design is to get them in the
specification! The govemment needs to say pre-
cisely: “Here is what we want."

Prior 1o issuing & Request for Proposal { RFF), the
government must understand the requiremenis of the
migaion and tha limitations of the avallable manpower
pool. These must be communicated to 1he contrac-
tor, along with the request for a design and cosl
proposal which will meet the requirements. The
hardesl part of this 1agk is to include human limita-
tions in the system specilication, For programs in
which it iz tha contracior's responsibility to develop
an aceeptable syslams specification, the government
must include MANPRINT constrainls in the original
Statement of Need and in theTechnical Require-
ments document.

When the governmeni asks for a system that can
be operated by humans with 51h percentile strength,
an eighth grade education, and with less than 40
hours of training; when it calls for a system which

meets OSHA sound-level constraints for a planned
gight-hour-per-day exposure; when it calls for a test
program which will show a 80 percent succese rale
demonstrated by a group of 30 newly recruited
soldiers performing 100 trials apisca without report-
abla accidants, then the design engineer will e able
to undarstand what is neaded. With human limila-
tlons clearly defined, he will see the requirement 1o
seek oul 1he expertise from sach of the six
MANPRINT domains to complete the design.

When this approach to implementing MANPRINT
is followed, we can expect that the chief design engi-
nzer (or the Deputy Program Manager) will remain
responsible for the sysiem design, while the neces-
sary system characteristics will be provided and
integrated through & team effort. The requirement for
additional reporis is reduced, and the costs of non-
productive overhead for monitoring and inspecling
are held to a minimum.

Will this approach work? | believe it will. 1t cer-
tainly makes good business sense for industry.
However, it places a heavy burden on the military
community: Statements of Need must be written 1o
include an assessment of manpower and personnsl
constraints. Technical Requiremenls documents
must spell out the nature of the operational environ-
ment and maintenance limilations. Anticipated
ceilings on training, with budgel and time factors,
must be communicaled to the contractor. The
government must ensure that spedifications are
carefully written to call out MANPRINT concerns in
the design and in the test and evalualion of new
systems. Cvaluators ol industry proposals will have
1o look beneath the suriace prganizalion to gauge the
level of a contractor's commitment o the spirit of
MAMNPRINT. Finally, contract negotiators will have to
be careful not to vield to pressure to cut costs by
irading away the analyses and sludias needed 10
ensure proper system deasign.

When this happens, both the government and
indusiry will have taken a giant slep as pariners in
the developmenl of better systems. MANPRINT will
be working to help design teams produce equipment
that fits the soldiers who must use it. This transition
will not be easy, but it will certainly be worlhwhile.

For more information, confact Robert Spirzar,LVPf
Research and Engineering, Boeing Military Airplanes,
PO Box 7730, M5 KBO-01, Wichita, K5 87277-7730.
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Using Video for Empirically Validated
Task Analysis (EVTA) of System/Human
Interaction and Performance

Margaret T. Shaller
Paradigm, Inc.

Activity sampling and time
and metion studies, used since B
1ha 18505, have received a g
recent resurgence with the
widespread availability of video
cassette recordars. Video pro-
vides a permanent comprahan-
sive source document: It ¢an
ke replayed until all data are
observed and recorded, can be
reviewed by differant analysls,
and Is replicable over time.

The analyst with the clipboard
and the stopwatch now has a powerful ool lhat
permits expanded analysis of complex behavior in
settings previously closed to all but aperational
personnel. With the new minialure cameras and
recorders, the analyst can be “present” in confined
spaces and in hazardous areas. Informatian pro-
vided can be used for system design, 1he identifica-
{ien of training needs, workload analysis and per-
lormance evaluation.

Video analysis provides a unique opportunity for
the evaluation of systam/human interaction and
resulting performance. Any measures of perform-
ance which are vislble on the videolape or thal can
be lied to a time hack can be studied; in addition,
antecedent behaviors which generate specilic errors
or performance levels can be evaluated. By using
multiple videclapes (or mulliplexed cameras), it is
possible to integrate infermation from ditfereni crew-
members or sources (8.g., multi-function displays)
inlo a single franscript to be analyzed logether.

It was these leatures that led Paradigm, Inc., to
explore the application of video analysis in a work-
lnad assassment in January, 1985. Most olher
methods have relied almost entirely upon subjective
evaluation by subject matier cxperts who ulilize a
relative scale for Lheir assessmenis. One ditlicully
with these approaches is Lhat they are dependent
upon the skills and biases of the ralar.

The initial developmental video

K analysis work was performed under

subcontract to IBM as a part of the
LHX/ARTI (Light Helicopter Experi-
-.. mentaliAdvanced Rotocraft Tech-
nology Integration) program. This
project aimed to determine whether
the LH¥ could be plloted by cne
crewmember who would be re-
sponsible for flying the aircraft and
operating all of the installed
syslams.

The new technigue, called Empirically Validated
Task Analysis (EVTA), involved the analysis of video-
taped exercises in a predecessor system, the two-
man OH-550 helicopter, Thase videotapes recorded
infernal and external communications, as well as
cockpit activilies. Analysis ol simultaneous activities
was also performed. Time and motion studies, as
well 25 an evaluation of same cognitive processas
ihat were evident from internal communications, werg
employed in the study.

The empirical data gensrated by the EVTA meth-
odology provides an objective measure of the broad

" range ol funclions occurring when the crew Is in-

volved in actual mission activities. By identifying
tasks which coniribute greatly to Ihe overall workload,
it is possible to delineate those subsystems which
could benatit most by engineering enhancements 1o
reduce workload. The analysis identifies lunctianal
calegories that should be considered for autornation
io reduce the workload for a single-pilot configured
helicopler pederming missions that ara currently
perormed by lwo crewmeambers.

Communicating thesa workload findings 1o the
engineers who are responsible for designing aircraft
systems has been a problem; much of the subjective
data has been disregarded because it is perceived as
“sofl data The data generated by the EVTA proc-
essig nol only “hard” (e.g., [requencies, means and
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standard deviations of task 1ime), it can also yield a
“video report,” or demanstration fape. A "demo” fape
illustrating the findings and issues identifiad in the
analysls, using aciual foolage, was produced on the
IBM study. The tape illustrated the problems that
were identifiad by the dala, making it easy for the
engineers to see what problems surfaced as a resuit
of bath environmental cordilions and systems
design. This dema tape is used in conjunclion wilh
preseniation of the findings, as well as a discussion
of the EVTA methcdalogy.

Following the widespread acceplance of the data
generated in this first sludy, Paradigm, Inc. set about
to reduce some of the labor intensiveness inherent in
applying the methodology. Because some type of
computer software was needed lo facilitate the input
of the large amount of information usually generated
by the process, Paradigm developed the EVTA
Soltware program,

EVTA Software, which uses an IBM PL or com-
patible equipment and dBase I+, provides & tima-
based transcrpd of aclivities for individual crewmem-
bers or for the crew as an inlegraled unit. The
franscript shows start and stop times, the operator
invalvad, and the systern mode for all activities and
communicalions, and serves not only as the basic
data source for all subsaquent sleps inthe EVTA
process, but also as a mission scenario. Transcripts
and all data tablas are generated in camera-ready
copy lo iacililale the reporling process.

The software’s Simultaneous Activily Analysis
capahility allows for the Identification of all aclivities
and communications which are performed simultane-
ously 1or a given crewmember. The program ldentl-
figs the frequency of cecurrence of each pair ol fasks
and computes three metrics of time: concurrent,
occuplied, and serlal. In addition, unoccupied lime
may be compuied. )

Tha EVTA program computes descriplive statis-
tics {mean, siandard deviation, minimum and maxi-
mum) for task compleiion timss, the properlion of
mission fime devoted to each task, and frequency of
occurrenca. Analyses can be performed separately
by operator, mode and/or mission lype.

Paradigm is working to further develop and refing
the EVTA process and accompanying software. The

EVTA process was recently applisd lo a sludy of low-

level Army helicopter operations for the Canadian

Department of National Defence as an inpul 1o the
Canadian Forces Light Helicopter {CFLH) project. In
this preject, plans have been made for providing the
detailed data tables generated by the EVTA process
to all bidders for the development of the new CFLH.
The EVTA methodology was further refined in a
study lor Patuxent River Naval Air Test Center,
Maryland. In thig effort, mulliplexed video signals
from cameras focused on sach of the four crewmam-
bers is presented on four monitors simultaneously
and is being analyzed by the EVTA process. The
multiplexer permils the simultansous recording of
{four cameras on one VA, In addilion to focusing on
ihe aclivities of the crewmambers, we are evalualing
ihe time expended by the research leam in each step
ol the EVTA process In an attempt 1o reduce the
labor intensiveness of the process wilhout raducing
the effectiveness or validily of the data. In addition,
Paradigm is locking at hardware for automating the
&nlry of time data directly from the VCR into the data
base in order lo further reduce the time required for
the analysis.

Although all of the developmeantal work on the
EVTA mathodology and Seftware has been per-
tarmed for the military, Paradigm Is "genericizing” the
process so that it can be applied to academic,
laboratery, industrial and office settings, or in any’
environmsnt which can be videotaped and for which
ihe cost of the analysis can be justified by subslan-
lial savings in design and development costs, training
cosls and/or operational error reduction.

For more information, contact: Margaret T. Shaffer,
Paradigm, Inc., 8815 Quiet Stream Court, Potemac,
MD 20854, {301) 235-7551/7555.

NOTABLE JUOTES

"Ergonomic standards have been, are being, and
will be misused bocause standards--by definition--
imply the minimum requirentent fo parform the task,
not the optimal. [ would have liked fo indicals & mini-
mum acceptable standard and i have a desirable
standard, so that below you really viclate the rules.
if you wan! lo opfimize performance and satisfac-
tion, you should pick out the desirable level™

Dr. Gavriel Salvendy,
Professor of Industrial Engineering.
Purdus University

* As quoted in Ergencmics Sourcebook, 1987




Schedule of
Upcoming
MANPRINT
Courses

MANPRINT Senior Training Course

24-28 July 89 (Ft. McClallan, AL)
21-25 Aug B8 (Warran, MI}
2529 Sep 89 (F1. Euslis, VA)

MANPRINT Stafl Dificers Coursa”

7-25 Aug 49
1128 Sap B9
16 Oot- 3 Mov 89
27 Nav-15 Dec 83

=all courses will be hald at Fi. Belvoir, VA

MARNPRINT INFORMATION

POLICY - MANPRINT Directorata, HGDA (DAPE-MH). Washing-
tan, DG 20310-0200, AV 225-0213, COM (202} E95-0213.

MANPRINT TRAINING - Soldier Support Center-National Gapital
Region, ATTH: ATNC-NM, 200 Stavail St,, Alexandria, VA 22332~
0400, AV 221-3708, COM (703) 325-3706.

PROCUREMENT & ACOUISITION - US Army Katarizl Command,
ATTH: AMCDE-PO, 5001 Eisenhower Ave., Alexandria, VA
22333-0001. AV 284-5586, COM (202) 27 4-5690G.

HUMAN FACTORS EHGINEERING STANDARDE AND
APPLICATIONS - Human Engineering Labaratory - MICOM
Detachment, ATTH: SLCHE-MI, Redstone Arsenal, AL 35803,
7290, AV 746-204B, GOM (205) B76-2048

MANPOWER, PERSCNNEL AND TRAINING RESEARCH - Army
Resaarch Instilute, ATTH: PERI-SM, Alexandria, VA 22833-5600.
AY 2B4-0420, GOM [202) 274-9420,
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=0~ MEETINGS OF INTEREST

16-20 October 1983

a3rd Annual Meeting of ihe Human Factors
Soclety. Denver, CO. Contact: The Human
Faclors Society, Box 1369, Santa Monica, Ca
90406. (213) 394-1811/9793.

5-10 Movember 1983

aist Annual Conference of the Military Tesling
Assaoclalion . San Antonio, TX. Contact:
USAFOMG (ATTN: MTA) Randolph AFB, TX 78150-
5000. AV 487-65623 or CCM (512 852-6623.

13-16 Hovemhber 1988

Intersarvice/industry Tralning Systems Confar-
ence: "Training Through Teamwork - Meeting tha
User's Needs." Ft. Worth, TX Sponsored by the
American Delense Preparedness Association.
Contact: Capt. Jackson or Ms. Amy Enwrighl, ADFA,
TMAS, Rosslyn Center, 1700 N. Moore St. Arlington,
VA 22209. (703) 522-1820.

[~"] GENERAL INFORMATION

Proposed arlicles, comments, and suggestions are
welcomed, and should be mailed lo: MANPRINT
Bullefin, ATTHN: HQDA {DAFE-MR), Washinglon,
DC 20310-0300. Telephone: AV 225-9213, COM
(202) 695-9213.

LTG Allen K. Ong, Deputy Chisf of Slafl for Persocnnel

MG Stephen B. Woods, Jr., Commander, Saldier Suppaort
Cantar {Proponent for Army MANPRINT Training)

Mr. Harry Chipman, ODGSPER Coordinatar

Ms. Man B. Irick, Editor, ARS

Harold R. Boohar
Director for MANPRINT

The MANPRINT Bulletin is an officdial bulletin of the Otfice of the Deputy CFiaf of Self for Personnel (ODCSPER]), Departmant af tha Army.
The Manpowor and Persannel Integration IMANPRINT) program {AR B02-2) is & comprehensive managemanl and tachnical initiative 1o
enhanca human performance and reliability during weapons sysicem and equipment design, development, and production. MAMPRINT
encompassos the sl domains ol manpoiver, persannel, tralming, human lactors angin eening, system salety, and health hazard assesement.
The focus of MANPRINT is to integrate lechnaology, pacple, and foroe sructura to meet missian objeclives under all enviranmantal candilians
atiha lowssl possiblalila-cycle cost. Information conteined in thie bullatin covers policies, pracedures, and otharilams of interest canceming
the MANPRINT Program. Slatements and opinions expressed arc not necassarily those of the Department of the Army. Thiz bulletin is
puslished bimonthly undsr cantract by Automation Re seerch Systems, Lid,, 4480 King Streat, Ale xandria, Virginia 22302, lar the MANPRINT
Directorate, Offica of the Deputy Chief of Suaff lar Fersonnel undar the provisions of AR 310-2 a5 a lunctonat bulletin,
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