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NOTICE

W hen Government drawings, specifications. or other data are used for any purpose other than
in conneetion with a definitely Governmentereluted procurement. the United States Govern-
ment incurs no responsibility or any obligation whatsoever. The Mt that the Government may
have formulated or in any way supplied the said drawings, specifications. or other data. is not
to he regarded by implication, or otherwise in any manner construed. as licensing the holder.
or any other person or vorporation: or as conveying any rights or permiission 1o manufaciure,
use. or sell any patented invention that may in any way be related thereto.

The Public Affairs Office has reviewed this paper. and it is releasable 10 the National Techni-
cal Information Service. where it will be available 1o the general public. including foreign

nationals,
This paper has been reviewed and is approved for publication.
MILTON E. WOOD. Technical Director

Operations Training Division

RICHARD C. NEEDHAM. Colonel. USAF
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PREFACE

The Nbvanced Faeneal Cres Syaaem (VTACS) - he pre-ent e for o ongaing plamong
exercise ey performed by aoworking group {eaniprised ol the Ve oo Weght Neronaniieal

Laboratories (AFW ALY and five other Nir Foree iboratories) in aceordance with a tormal charter

and direction from the ir Foree Systems Command €AFSC) The ATACS warking group i~ charged
with the development of a new AFSC echnical initiative 1o develop and demonstrate the cockpit

cres system wechnology Tor the nest generation \ir Foree fighter class aivoraf,

Ly the course of the VTACS planning exercise. the working group obtained inlornstion from
three separate sources:

1. Ongoing and planned \ir Foree programs considered to be velated taan VT ACS ininative,
2. Industry briefings selected from responses (0 an invitation publiched in the Commerce

Business Daily (23 January 1981} and direet invitations to selected companies known to the working
group.

3. A ATACS Design Team made up of members from several Aie Foree laboratories charged
with performing a concentrated design exercise parallel with the planning activity of the VTACS
working group.

The Air Foree Human Resources Laboratory was ashed 1o advise the ATACS Design Team on
isstes pertaining to airerew training and seleetion as these areas might potentially be impacted by
alternative designs for the neat generation fighter aireraflt. The ideas and recommendations
contained in this paper are those of Dr. Hughes of the Operations Teaining Division of the
Laboratory and do not necessarily represent the official position of the Laboratory. Neither <hould
they e taken as being descriptive of the full range of potestial traiving and selection issues tha
ntight be cncountered. They are merely “hest guesses™ based on the anthor's knowledge of curren

triining practices and projected trends.
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ADVANCED TACTICAL CREW SYSTEM (AT ACS) ISSUES
AND OPTIONS:

IMPACTS ON ATRCREW SELECTION AND TRAINING

L CLRRENT PERCEPHHON OF THE 1990 TR AINING ENVIRONVMENT

The Opportunity for Practice in the Simulator-Intensive
Training Eavironment of 1990-and-Beyond

The threat cavironment of the 1990« presents significant challenges not only to the aicframe and
cochpit destguer. but especially 1o those who concurrently seek to anticipate the training environmen of
the future. Should current trends toward rising fuel and munition costs. aiespace restrictions. ete,
continue. the training environment of the 1[990~ will. by necessity. be extremely simulation-intensve,
Current user acceplance of simulators 10 the contrary. allowance must be made for the airerew to
adequately pracice Gf not indeed 1o overlearn) the performances upon which combat effectiveness and
survivability depend.

Technology options envisioned for the design of the next generation fighter aircraft are expected o
have far reaching impacts upon the areas of 1raining and aircrew selection. In many instances. these
technologies promise to provide for functions with which the current geaeration airerew has little or no
aperational experience and for which the training system developer has an equally small amount of data
from which to infer the potential impacts of these new technologies upon training.

Reduced pilot workload is being sought as a means of achieving acceptable levels of syvstem
operability. The relationship of workload (especially memal workload) to training (particularly as
“training”” here implies the opportunity 1o practice) needs to be elearly pointed out. “Operabilitn™ needs
to be understood as. in large part. a goal of training. and not ~olely a~ a characteristic of cochpit display
and control designs. The most operable systew in the most workload efficient cockpit will not insure
sought-after levels of combat readiness and survivabiliny if aot frequently and intensively exercised by
the aircrew. While operability and workload reduction are necessars human engineering design goals.
they represent only starting points in the design of a training svstem for the nest generation fighter.,

Basic Assumptions in the Design of Next Generation Training Svstems

When the opportunity for the practice of mission essential <kills is seen asa central training svstem
design requirement. the focus is on the following assumptions, These assumptions provide a certain
degree of organization 1o the potential traming issues identified i the remainder of this paper.

. There is no substitute for practice. W hile technological sophistication and avtomation may reduce
operator workload. they may do ~o only through an inereased demand upon operator practice time
requirements,

2. That which is not frequenty practiced will be forgotten. Periodie training resalts in periodic
readiness,

The Need for Alternatives to Airerafi-Based Training Systems

Curreotly, the aircraft itsell represents the central “training deviee™ for the acquisition,
maintenance, and reacquisition of tactical airerew skills, O rational deployments and exercises such as
RED FLAG represent real attempis to expose aircrews 1o combat-like situations. Their benefit 1o current
training programs is not questioned. They are. however. unable to provide Tor the Tull range of variables
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known to alfect peeformance in an “electronie”™ combat enviconment, The critical point. howeser, i tha
steh enercises are not anly extremely expensive Gond will become even more ~o i the T990s-and-beyond
e brame)s bat that their 2 Hideling™ is severely affected by the consivaints of G peacetioe eainimg

e rosnment

Hove o b o Tong sty feome other establebed tamg progeans that <hosws veadine.
dechnon o unacceptably dow lesels during intervals between such operational exereses, While <uch
exercises possess a clear and obvious relationship to readiness. their low frequency of ocenrrence has
serious impacts on dav-to-dany levels of overall foree readiness, 1t is to be expected based on the prineiple
contained in Assumption 2 above which states that “what i~ not frequently practiced will be forgotten.”
Clearhy. the tactical training sy stems of the 1990s-and-beyond must provide for not only necessary airerew
practice of eritical tactical skills but also the manner in which such deviees are used to ensure sustained.
high levels of individual and crew readiness.

In short. training must be seen as a direct and significant contributor to readiness. o the 1900+,
weapon system effectiveness is more likely to be upward bounded by constraints on training rather than
by the lack of technological sophistication. Readiness does not equate with weapon system sophistication.
but rather with the ability of the trained aircrew 10 effectively operate that svsten. It is inevitable that
readiness in the 1990-and-beyond time (rame will greatly depend on carrent efforts 10 develop an
effective <imulation capability for tactical airerew training.

Bul where are the simulators that will rise to meet the demands that new systems place on training?
W hat efforts are being taken to ensure that fully operational simulators will he fielded concurrently with
the aireraft systems that they are intended 10 support? The notion of simultaneously developing new
equipment and its supporting training system is not new: the merits of doing so will not be argued here.
Instead. the following comments point to critical training system issues associated with actually
tmplementing such an approach for the next generation fighter.

1. ADVANCED CONCEPTS IN TACTICAL TRAINING SIMULATION SYSTEMS
Centralized, Decentralized, and Hybrid Training Systems

The most obvious issues which arise with respect 10 the creation of a large scale tactical training
simulation system are those dealing with what. how many. and where. The latter two are logisties
questions. driven in large part by the general requirements for initial and continaation training and for
\ir Force needs for achieving a desired flow of pilots through such a system. While some attempt will be
made here 1o deseribe alternative training svstem configurations differing in the extent of their
centralization {(the how many and where problems). system description and specification are not the major
intents of the discussion. Rather. the chief intent is 10 point out that the logistical aspects of conducting
training under such large scale training systems lead 1o certain impacts upon training and readiness that
are predictable from the elementary assumptions about the impacts of practice upon readiness,

The notion of a centralized tactical training simulation system referred to here is essentially that of
one or more large scale “centers”™ each possessing the capabilities through use of modularized cockpits
and common use of image generation and computer support capabilities 1o provide multiple airerews the
opportunity to practice interactively. and in real time. all critical elements of representative combat
missions. The definition of a decentralized facility might range at one extreme from a capability equal to
that of the centralized facility itsell. but located instead down at wing level, to training systems of less
fidelity and capability relving largely on the integrated use of part-task training deviees. “Hybrid™
systems representing some combination of the decentralized and centralized system concepts might also
eXIst,

0O




The centralized tatning center is cortanly antracine because ob s apparent cost henelins aver the
deventralized faoloy concept I'a |||||n||| ate the (';lp.llllliliu'» af 0 center al nnerous remate foedion-
swordd e Tikedy e profabnnve hothoim s ol cost and ~upportability . Howeve while decentraliation
Gt Lo thie e tosttame v appeear prodndotinee i teries ol ver e ded whalied concpt wanld
e v peccd Bethone b e How as well provedimg vne cd e hadaline o eradd
withb i reascd v dencavalabobay Ao, Tronn the l.||n||m|1|| ol vt readii Ve sdeventeahoas b oa e (!
attonds the indivduad irerew more Teequent aceess o the means Tor cebiearsig cotieal onssan a-k-
Frequent aceess to thee device sondd alvo aid i avoidiog the nndesirable peak<" i readiness a--ocaned

with centralized. pertodic tramng,

A alternatine 1o the solely centralized coneept or o a <olely decentralized tann leveli v oncept te
traitng <y <tenn design might be o svstem which effectively combined the merits of bothe For esample. o
singde centrahized Taciliny might <erve 1o handle the recurring training needs of those Lorcos operating
within the <ame barge geograpohical area. Visits to the center nnght be thonght of s benig sonewhan
analogons to current deployments to RED FLAG. The operation might be characterized by anintensive,
quick response software support capability. allowing the facility to quickly tailor training "o curremt
operational needs and requirements. The center as mentioned before would evolve aranad amodular
design allowing it to meet the training needs of a variely of aircraft sy<stems, Such a centralized center
could also provide an important tacties development and evaluation function not possessed at unit lesel.
The configuration of such a large scale simulator facility might consist of four ~platform=~"" The ratiovale
Tor tonr i that it would allow for variation in flight size in addition to providing for the practice of a

variety of “neon-n” mizes for air combat tacties training.

Clearhy a cemralized facility: could not by itselt meet the needs for the sustained readiness of
numerous geographically dispersed unit=, Some capability must be located at the unit level teinsure that
gains in readiness acquired at the centralized training facility are vot lostin the interim. Duplication of the
centralized center function at numerous remote sites is out of the question. However, it may be cost
elfective to consider the increased use of part-task devices and trainers of lesser fidelity than those
available at the centralized site. To the extent that the eritical tasks in the next generation fighter are those
associated with svstems management. these tashs lend themselves to the application of part task training
technologies quite well. The requirement to maintain pilot proficieney in basic aireraft control might he
satisfied through the nse of less expensive. trainer aireraft not having the avionic requirements of the full
mission gireraft. One derivative concept which has oot heen mentioned is that under saech a “hybnd™
concept. remote units might have the capability for interacting (g by some form of data link) with the
central site, The Teasibility of such an interactive data link has already been demonstrated. The hybrid

concept then might be seen as offering ~ome degree of centralized control over decemtralized training.

Regardless of the particalurs of the design chosen, the important point from the standpoint of the
overall training <v<tem and its eelationship 1o readiness is that remaote sites would provide tor the needed
frequenes of practice to iasure that performance gains acquired throngh extensive training at a central
site are maintained. The goat of the training system designer should elearly be that of insuring a high and

sustained level of anit readiness at the lowest cost,

U nanswered Questions

There are obviously numerous unanswered questions associated with whatever concept is adopted.
Fir-t. the best way to dedine the airerew skills necessary for combat effectiveness and survivability i< not
fully understood. Carrent task analytic deseriptions usuatly do notinply what the underlying <kills are.
amd i Failing 10 do <o, they are of Tittle ar no help in specifying the design of potentially effective part-
tash deviees sueh as those that might be effectively employed at the unit level ander a hybrid coneept,
Exen assuming that the tasks could be deseribed in terms of the required airerew skills and that part-task
trainers were o become more the rale than the exeeption. the proper “min™ of such deviees into the
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betsween tranmng comdie e the remote ot trming bacihis . thar condae oed o the contead trannong <o

anad bt conducted o the aoeralt rennins ta be Spee Hied,

Ellons at provading o travming eovivonment that allows for adequate part-task and whole-ti-k
practice ol ertical imission kil <hould not be abandoned becanse of such ynanswered questions, The
clear ponto be made s bt there is a desperate need to vapidhy iose in the direction of providing -omee
el capabiliny . The opporiininy 1o acquire and to maintain eritical mission skills using the actual aircral
will simphy nor be aviable option. Alsos while che coste of sach training <s<tenss will not be insignifican,

the ainads < mast cansider the cost consequences assockted with low or fluctuating readiness levels,

Where mght one begio i the process of shaping such aactical training <imubation capabiling in the
near future 2 From where will the expericnce come o actually conduet tactical traiuing in what will be o

novel smuktor covironment”? One possible answer i~ desertbed below.

ilot Factors™ Approach to System Design and Training System Development

In the carly 19705 the Air Foree created a facility . the purpose of which was 10 provide a “window to
the world™ for those tnvolved in the development and evaluation of control. displav. 2ad guidanee
sytems Testing was conducted from the “piloUs point of view™ {as opposed to engineering testing). A«
instrament display requirements were identified and deseloped. the Air Foree Instrament Flight Center
CAFIFC) had the capabiliny of developing corresponding procedural and training requiremeats. and of
vabidating the end product. A similar need carrenthy exists with respect 1o the design and evaluation of
coneepts for the nest generation fighter, many of which will be cantrol. display. and guidance imensive,
The AFIFC no looger exits, Even if it did. there i~ a clear requirement that the evaluation of technologies
associated with the design of the next generation fighter be evaluated under the pressures and constraint
of those variables operating in the high threat mission environment. Flight test methodology of the
traditional type is becoming unaffordable as well as unrealistio. A highly developed tactical simulation
capability appears to be essential to a 1980-1995 TFC-like function.

1t has been recommended that the Operations Training Division of the Air Foree Human Resources
Laboratory (AFHRL) provide such a function. and that maximum use be made of emerging simulation
technologies 10 do <o. What benefits might such an AFHRL-provided function provide?

Lo The present technieal and professional «taft of AFHRL/OT (formerly the Flving Training
Divicion of AFHRL) has the expertise to conduet the type of “pilot factors" research. test. and evaluation
berng sought and. equally important. o communicate the findings of this type of rescarch 10 the
engineering community imvolved in design and redesign,

2. The primary focas of the existing research program at O has been, and continues 1o be. on the
arca of training and training effectiveness. The same orientation that peemits OT 1o conduet effective pilot
factors research and evalugtion of svetem “fhabilin™ also permits it to treat the impact of such
evabuations on training svstenn deseloporeat, AFHRL/OT comes as close 1o being able 1o provide an 1FC
Fanenon as any oreganization within the \ir Foree,

3. The miv of engineering and bebavioral research expertise a1 OT allows it to investigate potential
part-task training applications and 10 generate specifications for their esentual iaclusion into futare
tactical training <imulation systems sueh as those just discussed.

L By providing the ~simulation capabilities 10 support the desired pilot factors type of evaluation.
direction is given 10 the development of specific 1eehnologies for the eveniyal development of advanced
tactical simulation capabilities to be used for operational training,

o
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HELCREW STRUCTTRE AN COCKRPEE THSIGN
Linpacts on Training and Selection

The previons sections have wddressed thee need for providing the aiveres ob the 19900 with e
necessary opportunity for practicing eritical mission tashs inowhat is projected to be g simulation-intensoe
tratning envirommnent. Centralized. decentralized. and hvbrid configurations of large <cale tactical traving
svetenn Cnetworks” were mentioned. Tradeoffs, both o eems of waphied costs and i terms ol woit
readiness <tability Cwere also discussed, How proveian of an 1PC-Hike Tunction onight be <atisfied by
AVHIRE OF was desorbed on s ol os role oo provading impotiant Cpdor factors" mformation for

desgners as well as i role i <hapiog the aetual g svstems desyn and methodologies of the Tature.

The preseot section changes the Tocus from that of the capability of cureent and future airerew
ratning syvs=tems to provide sufficient opportuniny for practicing eritical mission <kills 10 the potential

trating and selection implications of one- and two-man cochpit designe.

The ~tarting point tor the traditional consaderation of one- versus two-man cockpit designs {or the
1990- fighter uppears to center on the concern aver the ability of the <ingle pilat to handle both the thight
control and sy stems management functioos simualancoush Sinee the erewmember wha physicatly “flies”
the aireraftis traditionally thought of as the priniary crewmember. the “tradivional™ solution i« 1o attempt
to untoad all or part of the sy<tems management thack=eat) Lunetion on a second erewinenther. A close
look at the relative cantribution ot flight contral cad cvaems management funetions to overall weapons
syatems effectiveness <hows that the back~eat tunction « highls eritical. Fssentially the back<eater is the
“Might leader™ I one look<. too. at which crewmember responsibilities lend themsebves 1o patential
atomation and which with atdeast in the 19801995 tnretrame, <ull require the himan onerator, itis the

backseater Function which will probably remmain most an need ot the buman operator.

Despite the fact that the back<eater i the apparem overall svstems manager and the trae “flight
leader.” those who concern themselves with personnel. wanpower. selection, and the like continae 1o
focns on the pilot funetion, Teis suggested that when considering impacts upon selecton. the emphasis be
placed upon the hackseater as the arreralt commuander and that ~<econdary eaphasis be placed apon the
pilot e driver). The smplicasons Tor designers i that it now becomes a case where alternative designs
look Tor the most effective way in which wo “unload ™ thght conteol fanetions from the back<eat 1o the pilot
in the front seat. Sucha coneeptis not new . Beis alreads the wan i which the Roval Nir Foree (RAF) 1reats
crew station mavagement for the Tornade wreraft. Too, it s rarely the case inam weapon sy stem that the

operator in clarege of it Gctical cmplovient s aleo the one who phivsteally drives™ i aronnd.

What might the fmpacts of <uch g rethinking of major crewmember roles and responsibilities hay e
npon ravming and ~election? Placing primary emphasis on the responshilities of the weapons svatems
manager would serse o sgnificanthy relav eniny fevel pilor (Front <cat) requivenients. General educational
leveland cognitive/inteHeetual abilities sonlid become Tess of o driving factor in pilot <election. Large fill
rates ont b UPT would become ol less concernif the major tactical aireratt functions were performed bn
an esperienced crewmember in the back seat n relaning the entry lesel requirements for pilots, per e, a
significantly enlarged poal of prlot candidates emerges, With the averall requirements relased in this way.

there is noinherent ceason why pilots need 10 e college graduates nor that theee be any expectation that




B peden ol todav peed be groomed tor anthigeather than the role of golor G apposed to the cureren
gravnnog for Jogher fevel command and bt positonsd T <hort, come rethinking of the implicatioos L
hiblerent ceew <truetares based onhanging cmphases ol who “Hies" the airerati and wha “cantral-" the

averalt beads o the following conclusion.,

Foobhe “hack-cater™ s exteme sy eritcal motevms of his overall inpact on tactival weapon <yt
deplevinent overadl mossion ctecivenesssand surviabahinn The cozmitive and intormation processng
requitenments ol potential inporianee Tor selecnon are thaose associated with the person perfornimg b

svetems nnaagement hunetions, not with the person pertorming the Hight control funetion-,

20 Gyverall weapon svstem triniog costs might be reduced by being able to wam the pilat ol the

ssatem b ananreraft not having the Tully operational aviomies of the actoal airerait To the extent tha
cachpit standardization of the pilot portion of the cochpit could be achieved. it would become posaibie

even to train a universal pilot for advanced tactical aireraft for at least for those having a comnan

mnssion). Too. a change in forus 1o that of the “career™ pilot might «erve indirectly 1o reduce operating

costs cureenthy associated with mid-career attrition of pilots,

Alternatives of the Manned Weapon System Coneept

The crew station design issue and its potential impacts upon airerew <election and training derives it
iportance from a continued adherence o the concept of the manned weapon system. Considerations of
altermative designs would appear to be eritical given our present understanding of the battefield
enviconment of the 1990 and the projected risks associated with =6l rather conventional weapon sy stems
and tacties in such an environment. Cost-per-kill and cost-per-hill rate. are. or will become. driving
factor. We simply cannot afford to lose a significant number of 30-million-dollar-plus weapon systems
and their erews in order to achieve an overall number and rate of enemy kills that do not serve to affect
significanthy the course of the battle. To try to “design-in™ high levels of survivability will be costly. The
estent o which training can reduce these costs and significantly inerease survivabilits remains an open
question. A strietly physical analysis of the bauleficld. however. and it impaet on airerew training
requirements would suggest that training. even atits best iy not significantly reduce the expected high
levels of atirition,

I tmperative that new technologies in the armaments and munitions areas he considered.

especially those that would permit the aircrew to launch “<mart”™ weapons. each having the potentiat for
multiple Kills, and 10 do so from standoff ranges that would minimize the rish te the airerew. Aircres
atirition and attrition due 10 the doss of the weapon <ystem platform itself condd potentially be reduced
greatly. o hoth, however. at the added expense of weapon sv<tem guidance. The basic question is, in <hort.
whether tactical air warfare (at least in the air-to-surface area) is more cost effective (from a cost-per-kill
or a cost-per-hill rate standpoint} when wsing coxtly. <ophisticated aireraft and highly trained crews to
deliver dumb bombs or when using less costhy aizeraft and less highly trained airerews to deliver smart
weapons?

V.SUMMARY

The training environment of the 1990s-and-bevond will, by necessiny g be simulation-intensive, A
Failure 1o plan for training and cost-elfective aliernatives to airerafi-based training concepts will result in
the inability of airerews 10 adeguatels practice mission essential <kills, In the consideration of tactical
traiving system alternatives, careful thought must he given 1o the subtle relationships between the
scheduling of aircrew practice and its iimpact upon sustained unit readiness. Such considerations should be
inherent in decisions based upon the cost tradeof s of centralized and decentratized training systems. Fhe
full impact of training upon mission readiness and survivability. most not be underestimated. W hile




aperabihing and reduced pilor workload remain essential laman engineering desgn goalsothes mnse be
viewed as necessary but not satficient. conditions for achieving overall goals for weapon <ystem
cilectiveness, There ic every veason Tor reversing the carrent trend toward fiest producing the weapon
svatenand then it araining sy~ten, Efforts mast be initiated 1w provide for the concurrent Lieldiog of
operational equipment and its supporting training sy st and desices Vieans for doing this s seen asan
important byproduct of the re-establishment o a “pilor factors™ program. ~imilar 1o the function
performed by the former AFIFC facilitn, A proposal that AFHRE/OT provide <ach a function would e
three things: {a) provide the design community with esseatial Teedback with respect o flyabilin ” of new
design concepts. (b) provide the training community with the carly exposiee to the svatem necessary 1o
tormudate trainming svstem methodologies and steactures. and (¢) provide an imporiant simalation e<tbed
for the development amd validation of feasible engineering designs and approaches for nest generation
trainers. Finallv. the anplications for airerew selection and training which follow from an elementars
rethinking of the one- versus two-man cochpit concept were dizcussed. It was pointed out how a <hifvin
emphasis from the flight control Tunetion 1o the ssstems management function might resalt in potential
etficicncies in terms of enlarging the potential pool of pilol candidates. pilot retention, and for the
potential of being able to train a “universally assigonable fighter pilot.”” It was also pointed out that one
~hould remain open to aliernatives 10 the manned weapon system concept. The sensitivits of cost-per-hiil
and cost-per-kill rate should be fully explored as a function of “smart plane/damb weapon™ versas
“dumb plane/smart weapon™ concepts,
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