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Lit
A. Th~ Concept of the Man-Machine System m s ~~ 4 $ ~ 5

~ uman Factors Engineering (EFI) ia~-i~~~~~~~ ~p~11iiti~~~~f data on
human performance capabilities and limitations to the design of man-
machine systems (and related equipamnts and environments ) for the acc~~~lish-
ment of specific missions . It is a scientific endeavor to relate the design
of such systems, e%ui~~~nts, and enviro~~~nta to the abilities and limitations
of the human beings who viii be selected and trained. to use the eqyipeent,
taking into account operational and. maintenance tasks and safety considerations.
The objective of this endeavor is reached, a system if “optimized.” as regards
human factors, only when:

1. the operator is treated in the design process as an integral c~~~onent
of the system with statable intellectual, physical and psychonotor character-
istics; and

2. similarly statable characteristics of asinte~ence personnel are
fully exploited for maximum system reliability.

This coicept of the nan-machine system has long been f~&~~~ntal to
sound doctrines of military tactics and strategy. During recent times its
importance has been emphasized by General Maxwell D. Taylor: “The aves~~~arsenals of modern weapons have as their sole purpose the extension and

• strengthening of nazi’s arm for the purpos. of imposing his will on the
enemy.” General Lyman L. Leanitser bsZ stated the basic co cept very
cl.srly : “Man is and will remain th. essential element in war. Man,
not machines, vim or 1oe the battle • Machines cannot wage war; they

F 
can only increase the effectiveness of men. The isport anc. of the individual
increases with the eonplexity of the weapons he must employ. Th. importance
of the nan viii increase until we reach the stage of having weapons which can t
reverses with resolutio n; and which can match hardship and danger with devotion
and comage, and carry on to the final victory. There is no such weapon on
the horizon.”

It is unrealistic at any stage in the research and devslo~~~nt cycle
either to assume on the one hand that man is perfect , and thus fail to
make aUovsnces for his limitations; or to aast on the other hand that
he is necessari ly an undesirable source of error, and thus tail to exploit
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fuli,y his unique capabilit ies. The Army ‘a ~~E program will have
attained its highest value in this cycle when the concept of the man-
machine system, as it is validated. finally on the batt lefield, is
brought fully to the designer ’s drawing-board., the engine~ring proving
ground , and the user ’s test. -

B. Assumptions Concerning the Army ’s Mission

From our discussions and briefings we are led to aas~me that the
Army’s mission during the next number of years will be to deter
aggression short of au-out war; or failing this , to gain the post- var
objective for which the war is waged. Conditions nov imposed by ~he
possible use of nuclear weapons, by the concept of limited warfare, and
by the wid.eiy different environments in which batt les may be waged, place
emphasis on wide dispersion and great mobility. Th~ linear trout of the
classica l battlefield would be replaced. by snialle~, semi-independent
battle groups deployed in depth . Under such circumstances effective
decision-making and coordination will depend upon the existence of high].y
efficient intelligence , comaunications, logistical and tra nsportation
systems, and upon the highly efficient operation of available weapons
once the battle groups are ccamnitted to action.

Human factors are basic components in all these systems. Experience
durin g World War II and the ICorea.n War indicated that supremacy of our
weapons and other equipment systems over those of an enemy often depended
upon our more effective use of human resources • The increasing
complexity of present and. future systems suggests that the effective
use of human resources may in the future be even more critical to success
tha n it has been in the past.

C. Plan of Study : Mission, Resources , and Phasing

Recognizing the importance of the above man-machine co~~ept, the
Human Factors Subpanel of the Army Scientific Advisory Panel in 1958
established a Working Group on Army Human Factors Engineering. Stated.
in general terms , the Group’s mission is: “to recomeend. improvements
of the organization, facilities , and procedure s for human factors
engineering research and development, and applicati ons, in the Army.” F

In all of its work since its establishment , the Group has had. the full
cooper ations of the Army Cr nvi~ concerned..

~~ date , members of this Group have met on nineteen different
occasions, which are here listed brief ly to indicate in a general way
the sources and nature of the information on which this report Is based:

1. P1*nnft’g Meeting , Madison , Wiscons in July 1958
2. Orientatios Briefing, Dupar tment of the Army Septembe r, 1958
3. Pbur th Annual Army Human Pactore Engineering

Conference , Army Chemical Center , Maryland S.ptembe~ 1958
4. U. 8. Army Scientific Advisory Panel Meeting,

Colorado Springs, Colorado October 1958
5. U.8.Continental Army ~~~~~~~ Pbrt

I~ nroe, Virginia November 1958
2
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6. Transportation Corps Research and
Engineering Co~m~n3, Pt Eustis , Va. December 1958

7. Or~1n~nce Corps Human Engineering Laboratories
Aberdeen Proving Ground, M. Janua ry 1959

8. U.S..Ar~y Armored Test Board , Army Medical
Research Laboratory, and Armor Human
Research Unit, Fort Knox, Kentucky Pabruary 1959

9. U.S.Army Scientific Advisory Panel
Meeting, Aebury Park, New Jersey April 1959

10. Project )4ICHIGAZI, the Univer. of Michigan May 1959
U. U.S.Army Electronics Proving Ground,

Fort Huachuca, Arizona June 1959
3.2. U.S. Army Quartermaster Corps Research and.

Engineering Center July 1959
13. U.S.Arwsy Chemical Center, Fort Detrick,

Maryland August 1959
3.4. U.S.Army Engineers Research and Development

Laboratories , Fort Belvoir, Virginia August 1959
3.5. Working Group Session for pre1i.~fn~rydrafting of report , Cincinnati, Ohio September 1959
i6. Fifth Annual Army Human Factors Engineering

Conference September 1959
17. U.S.Aney Scientific Advisory Panel Meeti ng,

Fort Monroe, Virginia September 1959
3.8. Session for Review of Draft Report , North-

western University, Evanston, Illinois November 1959
19. Worki ng Group Session for final drafting of

present (Phase 1) report , Bloomington , md. March 1960

Because of the many facets of ~~‘E in the Army the Group has de~ eed
it advisable to accomplish its mission In two separate phases; with two
separate reports, of which this is the first. We have already stated.
the basic concept of the mission of KFE in the Army R&D cycle; and we
propose in the present report , to e~cAm1,~e the orga nization, facilities, F

and procedure s through which this concept should be applied to the
development of conventional weapons and. other equi~~~nt systems . In
our second report , we propose to extend this ex~m1 n&tion to the processes
of da’relo~ment of more advanced concepts and. systems of missiles and other
weapon s and equi~mants.

II CURWSJT STAI~JS 0? ARMY HUJ (AJ FAC~ ) RS ENGINE~~I*~
A. BA4~kgrOuM and Overall Leadership

The importance of human factors in the design of Army materiel has
long been acknowledged in innumerable separate action. of T.ECO*ARC and of
the technical services directed toward Increased. simplicity and ruggedness
for operation and iuteuance of military equipments. In response to
such requirements each of the technical services, at various tines in
various ways and using various cembinat ions of technological res~ uces,
has taken separate and somewhat independent steps to take account of
hinem factors In the design of new items.
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In 1955 the Chief of Research and De’velo~~~nt, recognizing the basic
c~~~on nature of these separate efforts , sponsored an Army-wid, conference
in the Pentagon to which Army Staff agencies, USCO1IARC, and the technical
services sent representatives . An important rec~~~~ndation of this
conference , later concurred. in by the Army Staff , favored the annual
repetition of such conferences under OCED sponsorship . This has been
done: the Fifth Annual Army Human Factors Engineering Conference was
held. at Redstone Arsenal, Alabama, in September 1959; the Sixth ii
scheduled to be held at Pt Belvoir, Virginia, in early October 1960.

B. Army Human Factors Engineering Cciseittee

Currently, AR 70-8 dated 3. July 1958 provide, that such a Conference
be held annually under sponsorship of the Chief of Research and Develop-
ment. The same regulations established an Army Human Factors Engineering
C~~ ittee, under the chairmanship of an OCED representative and with
representation from T~ C0NARC and each of the technical services , to: H
plan and arra nge for the Annual Army Human Factors Engineering Conference;
and to follow through and take appr opriate action on its rec~~~~ndations .
It should. be noted. that this AR also authorizes an Army Human Factors
Advisory C~~~Ittee (ABI’RAC), composed of Army Staff and USCONARC represents-
tives, to coordinate and recomeend approval of the annual work programs of
all other Army Human Factors R&D activities (Human Resources Research Office;
Personnel Research Branch , ~A~O; Special Operations Research Office , and
the Army Participation Group at the Naval fram ing Device Center). Jo such
central program coordination is provided. by this Regulation for the Kinen
Factors Engineering activities of the technical services.

C. C~~~unity of EPE Interests Among the Technical Services

As will be further apparent In subsequent paragraphs , there are wide
differences In the very nature of require ments for human factors engineer-
lug in the various technical services. The Ordnance Corps , for example,
conceives and develops ab initio systems of weaponry which have no

• non-military Counterpart; the Corps of Kuginser., on the other hand,
finds that fully eighty percent of its develo~~~nt effort involves
convers ion to military purposes of equipsents already in civilian
industrial use. Recognizing these differences in requirements among
the technical services , the Chief of Research and Development has
successful l y concentrated his Initial leadership efforts on pulling
together and creating en acknowledged. and. self-aware ccswmity of
mutual Interests in human factors engineering, whose members r~~~4 ~separately in ~~COIARC and the technical services .

We can attest to the uniq~~ success of this effort of leadership.
Thus, for instance, the appe ndices to the Report of the Annual Army
Human Factors Engineering Conference contain a complete, succinct, and
detailed compendium of all of the tasks in each of the current human
factors engineering work programs of each of the separate Aimy t cbnical
services. Although we are aware of certain omissions (which are to be
corrected in future ) we know of no other comparable scientific program,
in this country or abroad, which is so fully documented and ca unicated
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to so Widely dispersed a membership .

HavIng successful ly established a self-aware “c~~~unity of mutual
interests ” in h t n  factors engineering , CRD can now appropriately
consider whether the botm~i~i.ies of thi s c~~~ mity could profitably be
extended. In his keynote address to the Fifth Annual Army Human Factors
Engineering Conference , General Trud eau acknowled ged its past accomplish-
ments, but took specific exception to the absence of adequate representa-
tion in the Conference from other Army human factors R&D activities and
related activities of private industry.

D. Current Levels of Effort

Beyond, but related. to, this proble m of wideni ng the c~~~unity
bomi ari.s is the questio n (implied above ) of increased. program
coordination for Army human factors engineering R&D comparable to that
accorded the programs of HueRRO, PRB, APG/IITDC, and SORO. As will be
further indicated subsequently a successful human facto rs engineering
prog ram will usually conta in a substantial element of ad hoc consultative
effort difficult to prog ram in dollar terms • This is true in the
rela t d current Army technical servicss pro grams. We have not systematic-
ally sought specific budgetary information, but have preferred. to concentrate
on the numbers of talents employed in a sustained level of effort . Within
these terms we consider that a rough but fair appr o~~~~tion of current
Army annual levels of effort in human factors engineering can be estimated
at about $3 million distributed roughly as follows:

1. Army-wide, OCRD less than 1/2 professional man-year
2. Army Medical Service about 23 professional man-years
3. Quartermaster about 12 professional man-years
4. Signal Corps about 5 profession.]. man-years
5. Ordnance Corps about 35 professio nal men-years

F 6. Transportation Corps about 1 pro fessional man-year
7. Chemical Corps about 5 professional man-years
8. Corps of Engineers about I. professiona l man-year

By reason of the nature and scope of this over-a ll program, and
the desirability of further EFE effort , it ‘would appear desirable to
provide adequate stre ngth in the coordination of th. program. It is our
opinion that such strengthening would re quire the addi tiom of &t least one
professional ly qua lified person in OCRD, with adequate cleric al assistance.

E. Flexible Program Guidance for Strengthened !~~~ Coordination

In effecting the stre ngthened coordination of EFE which the above discussion
indicates to be desirable , CRD would be ill-advised to attempt to force each
of the particip ating ~~COJARC and technical service activities into a single
rigid mold. As the missions ~M local circumstances of the various field
participants very greatly, so should the oonsiderations to which CRD gives
priorities of emphasis also vary.

5



i~iAs stated above, the complete ~~E work prog rams of all of the
technical services are fully and currently s1mu.~rized annual ly in
the Report of the Army Rimian Factors Engineering Conference . No
purpose therefore would be served in s~nmt*-’izing this infor mation
here , beyond stating that it exhibits the appropriate mission-related Hvariability noted above.

In the paragraphs im~~diately following, we propose to indIcate the
major characteristics on which variation can be ant icipated, end. from
our minutes suma~-’ ize some of the more useful expedients ‘which have
shown sufficient pr omise in one ~ another technical service to deserve
consideration by .11. We consider that the content of these para graph s
should serve as useful guidance, to be flexibly applied , in strengthening
the over-all coordination of the Army’s RFE prog ram.

1. Basic Research in EFE and Psychophysiolo.~~~ The mission of the
Army Medical Resear ch Laboratory program in psychopbysiolo~~, as well
as ~~G ‘s coordi nate contract research prog ram in the same genera l field,
stresses “basic ” research which is justified otherwise than in terms
of specifically foreseea ble practical application s. The great importance
of basic research in providing new knowled ge upon which improvement of
EFE practices depends cannot be overemphasized. We believe that the
Army has a nee4 occasions on which Information thu s “deposited in the
bank” is put again and. again to valuable use . We give but one example
of many brou ght to our attention during the present study : three of
AMRL’s scientists have had ten occasions for consultation with Army
contract indu stri al designers within a recent 3-month period. The
general pr oblem area s and contrac t industrial activities involved
were as follows:

Vestibu].ar and Rotation Problems: Bell Telephone Company
Goodyear Aircraft Company

“Quiet Ear” Relmet Concept : Radio Corporation of America
Vestibular Problems: )U.nneapolis-Eoneywell Corporat ion
Vestlbu.lar and Vibrat ion Problems: Glen L. Mar tin Company
Gun Flash and Noise Proble ms: Boeing Aircraft Company

It Is the substantive scient ific value of such information which
just ifies suppo rt of “basic” research in the technical services . It s
availability for practical use in the cases indicated above gives added
confirmative justification .

2 • HFE in the Technical Service Thases of the R&D Cycle. The largest
and most inclusive Army EF~ program in any single technical áerv-ice is
that presided over for the Ordnance Corps at the Russia Engineering
Laboratories (EEL), Aberdeen Proving Ground. Both by formal Or4nance
Carps doctrine (e.g. : O~~I 200-1-59, dated. 8 January 1959 ) and in the
execution of the HEL program under this instru ction, EFE contributions
are systematically made at all OrdC stages in the developsent cycle.
For consideration of similar action as appropriate in the other technical
services, we list the major stages In this cycleas follows :

6



________ - ________

a Phase I Feasibility Studies (including, e g Mathematical
analysis, anr~~~IIininary engineering design). EEL participates as a
regula r member of the Steering c~ amiittee on (selected) developaent items.

b • Phase II - E~gineering Design ( incimling, e.g. : fftbr lcat ion
of test models; pre~ 1m1n~.ry flight tests; engineering flight tests; end
engineering evaluat ion ) . . . EEL participation In Steering C~~~ittees
is (also) releva nt at thi s stage . . . Fabrication of three-dimensional
models and mock-ups . . . (permits ) early recognition of human factors .
and preli~~naiy developnent of operating and. maintenance procedures . . .
(for ) design rhanges and training and selection factors.

c. Phase III - Component Develo~~ent (Prototype) including, e.g. :
manufacture of components; flight test of components; (and evaluation of
redesi gn changes). Again EEL participation in Steering C~~~Ittee is
relevant . .

1. mane IV - System Demonstration (Including liaison with
uscoiI~Rc)

3. Coordination of EFE Activities Within the Technical Services. A
single technical service itself often repre sents such widely ieparated
and var ied EFE activities and requirements as to warra nt attention by
a single qualified full-time officer in the Chief ’s Office. An example
is furn ished by the Signal Corps EYE activities and requirements , which
span efforts at U.S. Army Signal Develt,paent Laboratories (USASIWL),
U. S. Army Electronic Proving Ground (USAEPG), and the Ai~~r Combat
Surveillance Agency’s project MICEIGAN.

At USARDL, the most critical problems appear to involve the han dling ,
with a small staff augeented by contractor capa bilitle4 of:

Application s studies on ind ividual items of equipaent in de’velo amnt;
Participation by tEABDL EYE personnel in the evaluation of contractor
and subcontractor designs for man-machine systems; and
Selected. exploratory human factors research in areas critical to the
ccmmuni cations process , especially in view of rap id shifts In the
division of duties between men and machines (e.g., automation )

At ~~AEPG In a conference of thi s Group with top echelon personnel
it was agreed. that there will almost certainly be an Increase in the
future proble ms involving Intercha nge of SIN information both with in
the proving ground and between T.EAEPG and other Signal Corps and Army-
wide agencies in thi s fi.l&.

Substantially similar proble ms of information exchange were noted
at Project MICHIGAN.

~ . Eslative es on rat onsj. Efficienc Maintenance and Safet
Examples o appropriate van ility, anti es for j tid~~rnt of appropriate
program b&lkncs, are presented by the Transportation Corps anti the Corps of
Engineers . 

7
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Save for its BIN concern with the Army- Aircraft program, the major

emphasis of TRECOM requ irements for EYE appears to relate appr opriate ly
to the maintenance , rather than the operation, of PC equipmsnts. By
letter of 22 January 1959 to ThECOM, subject : “Prop osed Project 9-95-20-000,
Human P~ctors Engineering , ” OCT has taken action to effect budgetary
consolidation of T~ECC~( EYE requirements and activities . This should , in
turn, permit increasingly realistic evaluation and allocation of the related
resources . Thus CRD will, be more readi ly able in the future to determine
whether adequate emphasis is given in the TRECOM pro gram to SIN for main-
tai nabi lity .

As previously noted , an outstanding char acteristic of the C/Rug problems
in EYE relates to conversion to military use of equipeents already employed.
in civilian industry. Within Its mission EEDL is currently considering what
form of EYE prog ram would be most appropriate to C/Rug needs . We suggest
that when that program has been more fully developed, it will need to take
express account of the possible dIfferential effect of the civilian-to-
military conversion characte ristic noted above on EYE for maintena~~e, as
contrasted with operato r problem s; and the coordi nation within this concept
of relations with current C/Rug programs on camouflage, optics, and night
vision and their cor relation with Project MICHIGA N, Personnel Research
Branch, TAGO, Project D(AaERY, and. other related R&D efforts .

5. Acquainting Technical Personnel with SIN Concepts and Pract ices.
The pilot work at the Army Chemical Center to produce a semi n~i s~iies for
RYE training of design engineers has already been separately noted with
favor by this Worki ng Group in informal conversations with Major General
Stubbe and interested officers of OCRD. We are now gratified to note that
this useful experiment has been extended as a “circuit seminar series ”
available on requ est to a number of other technical service and T.~ CONARC
installations • If subsequent evaluation of the results of this effort
warrant, CBD should consider the advisability of its further extension or
periodic repetition. This, as well, as such other effor t s as participation
by officers In the McGill and. Ohio State University short courses, furnishes
an outstandi ng example of the way in which the elementary principles and
practices of SIN can usefully be made known to engineers who are not
specialists in this field .

6. Increasing Availabilit~ of Specialized EYE Manpower for Research
and Engineering. In the face of an extremely short supply of

specialists q~alifie~ to conduct either BIN research or design a~pplication
studie s, the Army technical services will need to consider means for in-
creas ing and using to the fullest possible extent their available manpower
resources . An interest ing example of effort in this direct ion is given by
the contract with the National Academy of Sciences (see NAB-NRC announcement:
“Visiting Scientists Research Associateships for 1959-60 tenable at Quarter-
master Research and Engineering Center Laboratorie s and Quarter master Pbod
and Container Institute for the Armed Porces” ). In this effort the ~ C
hopes to establish a number of “visit ing profes sorehips ” to which out-
standing scienti sts can be recruited on a world-wide basis for one or two
year periods . This pilot program deserves close att ention by the other
technical services with a view to its adaptation to their use a.s appropriate

8



for RYE or other outstanding specialists .

7. Lon~-Ran~e EYE Requirements and Program Coordination. In addition to
USCO?(ARC ‘a “user interests in EFE, as directly exercised by the USCONARC
Boards under purview of USCONARC Sq. Ccmbat Materiel, discussions with
USCONABC Combat Developments peronnel have led us to conclude that further
cons id.eration should be given by USCONABC and CRD to the manner in which
Combat Developments activities, including CDEC, could appropriately
generate long-range BIN requirements. Such long-range requirements
should in many cases be associated and coordi nately evaluated with the
often relatively shorter-range RYE requirements to be generated by
t~ CONARC Board tests leading to corrections , retro- fits, or second-
generation impr ovementB. The evaluation should also include related
USCONABC human factors R&D require ments to be served by HuaRBO, PRB, and
NTDC work pro gram tasks.

A primary objective of all of the above should be to ~~xim1 ze the
incorporation of EYE considerations at the earliest possible stages in
the formulatIon of Qualitative Military Requirements (QNR ’s) and
Military Characterist ics (?c ‘s).  As will be made evident in later
discussion under the heading “Levels of Human Factors Engineering Problems ,”different types of development require varying levels of app lication of
SIN knovledges and. skills • To attempt to apply SI~ to the same degree to
every item which enters the development cycle would be wasteful . A major
aspect of evaluation during the formulation of Q)4R ’s and. MC ’s should be the
preliminary determination as to whether the development in some cases will
warrant incorporation of EYE In a full-blown “systems approach ” or whether ,
in other cases, only particular components will requ ire BIN attention .

III CONSIDERATIONS BEARING ON IMPROVEMENT OF ARMY BIN

A. Roles of a Human Factors Engineering Program in the Army

We believe that there are two major roles of a EYE program in the
Army; one concerned with the application of KIN knor ledge and skill to
current R&D activities , and the other with the continual lnprovement of
the Army ’s EYE capabilitie s.

1. Si~ port of Current R&D Proj ects The pr imary objective of a
coordinated RYE prog ram in the Army shoulct be to insure, as fully as
possible , the appli cation of data on human performance capabilities
to the esgineering design of new man-machine systems and related equip-
ments. Achievement of this objective could contribute significant ly to
the eftecien~y with which new items could be operated by troops , and
could help in reduc ing time lags and costs arising, sometimes very late in
the R&D cycle, from inadequate considerati on of human components. We
believe that such a coordinated SIN pro gram should inc~lude:

a. review of individual projects and determi nation of BYE
needs. By ‘bar ly we refer to the initial stage s of the R&D cycle when
Qualitative Military Requirements (QP1R ‘a)  and Milita ry Character istics9
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(Mc ’s ) are being dra fted and approved. Review during these early
stages would have two pr incipal outcomes:

(1) Suggestions concerning human factor s consideration s which
may be helpful in drafting MC ’ s.

(2) Preliminary determination of whether or not particular
projects were likely to need special EYE attention.

b. ~pplication of EYE knowledge and skills. A second feature of
a coordinated KIN program would be to provide for the application of
EYE knowledge and skills to the design and development of these systems
which have been determined, during the early review , to have pert inent
human factor s aspects . In this connection, two points are made. In
the first place , it is critical that these considerations be taken into
account no later tha n at the design stage; failure to do so can be (and
has been) extremely costly in terms of later refitting or in ter ms of
consequent degradation of use of the system. In the second place, such
support should not be viewed as a “one-shot” affair at the design stage,
but rather should be viewed as a matter of continui ng concern through
subsequent stages of the R&D cycle, such as at mock-up, prototype , and
engineer ing test stages, in orde r to identify and correc t any human
factors deficiencies which may not have been foreseen at the design
stage.

The primary re sponsibility for insuring the application of KIN
principles to design problems is of course that of the technical services .

To the extent that Army contractors are charged with the specific
design and. development of military items, the responsibility of the
technical services in the application of EYE knowledge and pr inciples
becomes one of monitoring the work of the contractor . Toward this end,
contracts should provide for the contr actor to assume this function;
the contractor , however , should be provide d with adequa te initial and
contiumi.ng guidance by the technical service in question to insure that
the item is designed properly for human use.

A special facet of the process of applying human factors knowledge
and skills to design prob lems is the question of evaluation of the
solutions that are developed. It is the opinion of the Worki ng Group
that the Army should look toward the development or adaptat ion of ways
and means whereby the design feature s can be evaluated with reasonable
objectivity in terms of their suitability for human use. It is recognized
that, at the present time and probably for some time to come, the SIN
capabilities of the Army will be limited and thus preclude the systematic
applicatio n of BYE princ iples to all R&D projects . It is also recognized
that not all projects will require the detailed attention of EYE Special-
ists. Therefore , we believe that the available BYE capabilities should
be assigned to particular projects on the basis of considered Judgment
as to potential pay-off. Confidence in the judg~~nt could be increased
by review at two points during the drafti ng of MC ‘a : at the initial
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TJSCONARC stages; and later at the stage of technical service feasibility
study.

c. Termi nal review and feedback of information. A tb’rd. feature of
a coordinated EFE program would be a terminal review of the new Item at
the USCONARC Board Test stage. This final review would, have two pri ncipal
objectives:

To provide assistance to the Test Board by evaluati ng the item
for satisfactory performance from KIN points of view.

To siminAr ize information of potential value to those concerned with
EYE at earlier stages in the R&D cycle.

2. Development of the state of the art • A successful EYE pro gram depends
upon full use of the most up-to-date Information on human performance
capabilities and limitations . Equipment can be designed in Widely
different forms , but man ’s capabilities and limitations remain fixed within
the sometimes rather narrow limits of individual differences • We believe
that an Army EYE program can contribute significantly to the body of
knowledge concerning these capabilities and limitations; that the Army
stands to gain much by contributing to the development of the state of
the EYE art.

a. We have alre ady suggested that a coordinated KIN program should
include the feedback of information from the users of new items. Without
such feedback much valuable information may be lost and old errors repeated,
as is strikingly illustrated in the following quotation from any Army report
on EYE: “Many of these deficiencies have been observed previously by
testing boards , but the data have neither been systematical ly reported nor
put Into systematic or quantitative form so they could be used. ” We also
wish to point out that alertness for sources of inadequate KIN may help to
prevent recurrences of human factors problems In succeeding generations of
a new system. We recall one repo rt on EYE deficiencies in the ND~ AJAX
and NflCE HERCULES systems which included the statement: “deficiences tend
to be perpetuated from s’y stem to system in a family of missiles. ” El~mfna-
tion of this extremely unfortunate state of affairs would. have the effects
of Increa sing the efficiencies of new systems and at the same time, de-
creasi ng costs and time lags.

b. During the course of applying KIN knowledge and skills new problems
arise and are solved, solutions often requiring some applied research.
Information from experience of this kind can aid great ly in expanding the
state of the art .

c. Basic research on human capabilities Is another extremely Importa nt
source of new information. The activities of the Psychology Department in
the Army- Medical Research Laboratory illustrate the ways in which Army
support of basic research can contribute to improve ments in the state of
the art . Despite heavy commitments in the application of EYE skills, other
Army Laboratorie s, e.g., the Ordnance Corps Ruman Engineering Laboratory

U
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and the Quartermaster Research and Engineering Center , are able to carry
on some basic research. We believe that these are effort s which should
be encouraged: which should be viewed as integral features of an Army
program in EYE.

d. An Army KIN prog ram must always be alert f or developments In the
state of the art introduced by other pro grams, both military and non-milit ary.
Dur ing recent years there has been a very substa ntial increase in effort s to
extend knowledge and skills In the general field of EYE. Much is to be
learneil from the activities of private Industry, university research labora -
tories and other government agencies , particularly the U. S. navy and Air
Force. Positive efforts should be made to insure the adequate dissemination
of ~~~ information to interested Individua ls and appropriate units throughout
the technical services.

e. Lags in R&D are matters of vital concern in times when significa nt
innovations in weapons and other equipment systems are being introduced so
rapidly. One important component of over-all lag is the time taken to put
new developments to work . Delays of this kind affect the EYE art just as
they affect other arts involved in the R&D process . We believe that
particular attention should be given to means of identifying new information
of potential value to Army EYE and to the communication of such information
in the most usable form with minimum delay to those Army personne l who are
In positions to apply it.

B. Levels of Human Factors Engineering Proble ms

Consideration of how these roles of an KIN program in the Army may be
served, effectively requ ires that we discuss what we conceive to be widely
different levels of KIN problems recurring in the Army ’s research and
development pro~~-iiw~ . In discussing each level we shall illustrate the
general type of problem involved by citing ohly a few of the many examples
given us during our visits to Army installations. These are levels of
problems which, to be solved successfully, require varying amounts of
knowledge and skills in KIN . It is our opinion that, in many specific
instances , EYE problems may be solved by members of the R&D team who
are cognizant of the man-machine concept , but who are not trained as
KIN specialists . Moat of these people can ju dge relative effectivene ss
In the location of equipment controls, the extent of adequate work areas,
the ruggedness and pártability of equip ment if they are concerned with
the Importance of such features of man-machine systems . They beccs~ acquain-
ted with RYE handbooks and other sources of infor mation which can aid them
In arriving at their final decisions . Being alert for the roles man will
play in a system, they can seek assistance from EYE speciali sts when such
assistance is needed. But EYE problems extend far beyond the relatively
simple matters of operating or struct ur al detail to problems of consider’-
ably greater complexity, which do require the knowledge and skill of EYE
special ists .

1. Problems which involve an operating or structural detail~ The
most frequent examples given us during our visits to A~~y R&D installation s
were problems which we would place in this category ; many of them were 
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overlooked during design of the equipment and required expensive, time-
cons~mdng refits .

Examples:

a. The unloading ramp of a new troop-carrying vehicle was con-
structed of smooth metal , often beooming wet or other wise slippery and
causing falls which injured personnel or their equipment . Cleat s on
the ramp would solve the problem.

b. The amunition box for the Vigilante system was designed for
such a heavy weight of shells that it was difficult for one may to carry
it any distance. The metal carrying handle was of a shape which cut into
the man ’s fingers and could not be used if gloves were worn (aperture
too small to admit glove and hand). The Human Engineering Laboratory,
Ordnance Corps, redesigned the box to overcome these difficulties and.
to enable somewhat lighter boxes to be carried one in each hand , thus
Increasing the total amount of ammunition transportable by a single man.

c • The dials and gauges panels of a new amphibious vehicle were
located in such a position that they could not be seen when the vehicle
was loaded; any shift in cargo might smash the panels. Monitoring of
these dials and gauges was essential to operation of the vehicle.

d. 14anhRn~1ing the data and power transmission cables for the
Jupiter system proved to be a serious problem in the efficient use
of the system, a problem which was solved by adaptation of the stsnd~~d
Army “mule” for moving the cables into position. We understand that
this solution, suggested by a member of the Ordnance Corps Human ~ngin_
eering Laboratory, resulted in the saving of several milliom dollars
over other solutIon s considered. Redesig n of the connectors for these
cables el4min~ted human error in setting up the system.

2. Pr oblems which have alrea dy been well-researched and solutions to
which are available in handbooks and guides. Many BIN problems have
been recognized for a number of years and have been thorough ly studied.
Information which may be used directly or may aid in solutions to
similar problems arisi ng in the development of new items is already
available from such sources as the Interservlces Handbook on Human
Factors Engineering.

a. Control panels frequently use color coding, e.g., pane]. lights,
for presenting infor mation essential to an operator. We have seen
instances In which the general ill~~~nat1on surr oun~1ing the panel was
such as to make accurate discr imination of color difficult or impossible,
thu a increasing the probability of operator error . A very considerable
amount of Information on minimum iUiI~t nRt ion levels for human cone
vision is already available .
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b. The relations between the display of dials and the controls
for operating a weapon or vehIcle can have very serious effects on
the efficiency with which a human operator can function in a system.
We have been shown instances , e.g., tank at”ing and firing systems In
which the relations between displays and controls made impossible
effective use by operators normal ly avai lable. There now exists
cons iderable information on population ster eotypes for display-control
relations .

c • In other instances we have been shown Items in which the design
of featur es of the worki ng space, e.g., seat size, height, etc., and of
the characteristics of work ing parts; e.g., force required to operate a
control , restricted the effeciency of an operator . Anthrop~~~tric
tables and other data already avai lable could be put to good. use during
the development of many items, thus reducing costs and time lags
required for re fita .

3. Problems which ma~r require a EFE specialist to recognize the nature
of a solution. ~ven when the existence of a human factors problem

is recognized, a solution may not be obvious, but may require the knowledge
and skills of a specialist In BIN -- of someone who is fully versed in the
present state of the art .

~mmples:

a. We have been shown several items which, to functio n pr operly,
require leveling at night. Solutions to proble ms of night lighting of
leveling bubbles depen d upon knowledge of characteristics of human vision,
including the effects which exposure to any light source may have upon
later dark adaptation .

b. Knowledge of the results of research in this count ry and in
Britain can aid significantly in recognizing solut ions to problems
arisi ng in complex interc ommunication systems.

~ . Problems the existence of which may be more readily recognized or
anticipated by someone expert In BIN. We have had pointed out to us
human factors problems which were not apparent until late in the R&D
cyci.; some, perhaps many, of these might have been anticip ated if the
item involved had been exRmined early In development by someone expert
In RYE, who had turned his attent ion specifically to possible sources
of human factors proble ms . In other instances problems may be recognized,
but the fact that human factors may be Important contributi ng causes may
be overlooked even to the stage of final user tests.

a. The La Ciosse forward guidance stat ion, ex~rfned In “mock-up”
by the Ordnance REL, showed deficiencies whose subsequent correction
improved the weapon’s effectiveness.

L _



b. Substituting an extra fuel tank for one of the pilots of light
aircraft may enable it to stay aloft for many additional hours , but
can a single human operator maintain adequat. efficiency for such a
long time?

c • A new range-finder requires that 44 adjustments be made for
its oper ation. Is It possible for a human operator adequately to make
and coordinate these adjus~~~nts within allowable time limits?

d. The counter-rotating cupola of a new tank has 18 different controls
Can operators be selected who can coordinate these controls proper ly?
What comitmente will be required for the training and replacement of
operator .?

5. Problems which may require supporting BIN research for solution.
Awareness of the need for research usual ly c~~~s from rather complete
knowledge of the present state of the art -- of what is and what is not
known from past research . Dur ing our visits to Ar~y installations we
have seen a number of instances In which RYE specialists have found it
necessary to conduct new research before suggesting solutions to a
variety of probl ems.

Examples:

a. Research on the acoustica l problems arising in the development of
a new combat vehicle crewman ’s heleet .

b. Research on man ’s “work contours ” to provide information basic
to decisions on the nature and load ings of control sytems -- information
on how much work can be done at different distances and directions from
the operator .

c • Research on relations between head movements and the indu ction
of motion sickness, which will provide data for use in designing such
new Items as early warnin g system now under development in which the
oper ator is seated in a revolving antenna.

C. )~.npower Requirement. for ]~~roved Arny RYE

In the course of discussing the roles of an RYE pro~~em in the AiW
and the levels of EYE problems which such a pro~~am would be expected to
recognize and solve, we have estab lished a basis for considering the
manpower requirements of a coordinated progra m. Our general principles
are that personnel with other specia lties who are already engaged in
the R&D process should be used as fully as possible and that RYE special-
ists should be employed on tasks which required their particular comp.-
tences.

1. R&D technical personnel. EYE problems arise at various stages
throughout the~~&D cycle. We believe that it would be advantageous to
acquaint as many of the R&D technical personnel. as possible with EYE
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concepts and princ iples . The main advantage would be that such informed
personnel, although not specialists , could aid in anticipating and recog-
niz ing ~~~ problems, could solve many of the problems involving operating
or structural details, and could seek the 4vice of EYE special ists
when needed.

Several of the technical services , e.g., the Army Chemical Corps and
the Corps of Engineers, have already considered the feas ibility of incr eas-
ing their non-specialist El! capabilities in this way and have sponsored
series of 5 . 1~~ rs as a method of acquainting their technical person nel
with HI!. Th. success of the Chemical Corps Se~1n~~s was reporte d at the
Army ‘a Pburth Annual Conference on Huma n Factors Engineering and we are
gratified to note that a similar serie s of seminars, on a “circuit-riding”
basis , is now being conducted in all the technical services end for the
(ECOIARC Boards .

Other methods which deserve exploration include: atte ndance at
short courses on RYE such as those conducted at Ohio State and 1I~Gili
Univer sities; atteni~~ce at the Army ’s annual conferences on EYE; study
of handbooks and other s1~~~~ries of BIN princip les and data , e.g., the
Human Factors Guide for Design Engineers and the Quartermaster Human
EngJ.neering Handbook Series; and periodi c reading of El! publications
as a means of refreshing knowledge of the state of the art .

2. ~~~ Specialists

At the present time the Army ’s specialized RI! capabilities lie
principally within the Technical Services . In some of these , e.g.,
the Ordnance end Quartermaster Corps , special El! laboratories or
units have been estab lished and their functions integrated with those
of other groups of specialists engaged in the R&D process; in others ,
HI’! person nel have been assigned to groups of specialists in other fields ,
their services frequently being used for other than BIN purposes. This
wide variation in U! capabilities among the Technical Services is related
understandably, to the amount of attention which can be given to the
review of new proje cts for potential HI! problems and to the app lication
of EYE knowledge and skills to the solutions of problems once they are
recognized. When civilian contractors are involved, U! requirement.
can be and often are, specified in contracts; but, unless provision is
made for monitoring such require ments, there is no certainty that they
will be given other than cursory attention .

The present serioms shortage of adequately trained RI! specialists
makes in unrealisti c to suppose that any d~~~n~i by the Army for add itional
HI! personnel to expend RYE capabilities Within technical services could
be met in any short per iod of time. W~ believe that the est~btiehau t
of a coordinated HI! program as a continuing feature of Army R&D and of
adequate conditi ons of smp1o~~~nt might add the services of a few c~~~etent
specialists . S~~~ additional assista nce could be obtained through
contracts with suitable industrial consult ing organizations. However, if
the Army were to consider a more syst tic HP! program than it now rn~~vport s,
it would seem wise also to consider at the same tIme methods by which mew
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requirements for HP! specialists could be met. We believe that som. of
the following approaches deserve attention:

a. Traini ng Army officers under pr ovision of the Army Civil School
Program.

b. Traini ng present Army civilian employees under such provisions
as the Secretary ’s J~Uowship.

c. Establishi ng a university training program, which might be similar
in organization to the Surgeon General’s program for trai ning clinical
psychologists , involving c~~~issIoning selected graduate students and
assigning them to university programs in EYE, following graduation from
which they are obligated to active service in the Army.

1. Establishi ng a special Army EYE tr aining prog ram to which officers
and civilians could be assigned, involving collaboration in tr~~niug between
en Army, U! capability, e • g., the Ordnl~nce Corps Human Engineering Laboratory
or the Quartermaster ’s Research and Engineering Center , and a university
depar tment.

e. Providing facilities for an Army HI ! “internship” or “apprentice-
ship” program which would accept well-qualified person s for trainEng under
experienced staff direction within an Army BYE capabilit y.

3. Contributions by the Human Resources Research Office. We have emphasized.
the importance of early and terminal review of new R&D projects; without
such review the Mmy stands to lose much in cost and time for refitting, for
unsuccessful projects , and for the loss of information which could be valuable
to the improvement of future projects . D~u ing our study we learned of the
close and effective worki ng arrangementB between ~~COIARC and the Army ’s
Human Resources Research Office. We also learned that, althoug h RumERO ’s
concern is with problems of training, it has had to be cognizant of U!
.sues, since final evaluation of new training method s must of necessity

study man-machine systems: man ’s performance during and after training is
affected by the characteristics of the system of which he is a part . It
is also important that training programs for new items be considered as
early in the R&D cycle as possible , if the itas are to be put to maxEma lly
effective use with a minimum delay following release to the troops:

n4~1zing this delay can contribute significantly to reducing the over-
all lead ti_i for new items. For these reasons, HumRRO Units located at
the Army ’s Armor, Infantry, Air Defense, and Aviation Centers have already
had inf~~mal contacts with T~ COV’.RC Boards at the Centers • At the Armor
Center the contact has been most extensive and the Board has, on various

• occasions, requested assistance from the Human Research Unit on HI !
problems. EumRRO, therefore, has some experience in and an important
potential for contributing to HP! in the Army. We believe that this
potential should be put to use.

At the JI C and ~ lR stages in the R&D cycle advantage could be taken of:

a. The cumulative knowledge of U! person nel of the combat arm concerns~,
17



• b. their experienc e with Man-Machine systems acquired throu~~ theirresearch on training, and

c • their professional background and training in HI’!.

Man is the one limiting factor in military systems whose basic nature cannot
be altered . HP’! specialists , knowing the characteristics of man-machine
systems, may be able to suggest new and imaginative applications of hithert o
little used or recognized capabilities of man.

At the test stages in the R&D cycle HumBRO ‘5 capabilities have already
been recognized. RumRRO personnel could contribute to :

a. the develo~~~ut of good test design. when special considerati on of
subtle human factors , e.g., control of motivat ion, past expertence, etc.,
is required,

b. the analysis of test data , particularly data which bear upon ~~~~~~factors affecting the system under teit, and

c • the feedback of infor mation on human factors which is valuable in
the development of future generations of an item and which may be applied
to future R&D on related items.

The process of put ting HuaRRO’ s EYE potenti alities to full use could
well pro gress through thr ee phases:

a. Phase 1: RumRRO personnel would serve as consultants in RI! to
USCO!ARC and its Test Boards, providing information and advice.

b. Phase 2: RuaRBO would incorporate in its research program stud ies
which were fun ~amental to both HI’! and. training; HuaRRO already possesses
the basic research capa bility.

c. Phase 3: HuaRRO would provide , on request , U! and training
services to Technical Service Coasiands which require increased capa bilities .

To use RuaRBO ‘5 potentialities the mission of HumBRO as stated in AR 70-8
should be expanded to specifically include U! as it is defined in AR 705-5 .
On the financial side, phase I. would require s~~e increase in professional
staff for each of the four Hua RRO Units now located. on the s.~~ establish-
ments as t~ COIARC Boards; implementation of phases 2 and 3 would require
addit ional resources .

• IV SUJSSART AND CONCLUSIONS

Our findings have led us to conc lusions which may be su~~”.rized as
follows:

A. A vell.~organized HP! nro~~ea in the Arms- should provide support for
cur rent ~~~ projects and also contribute to improvement of the state of
the U! art .

18
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• B. The concept of ear ly review of new projec ts is important as a safeguard

against failure to apply U! princ iples when they are essential to the
adequate development of an item.

C. There are wide differences in the nature of the requirements of•EP !
in the various c~~~-’~d~ anU~echnical services contribu ting to the over-all
R&D process . These differences affect the way in which HP’! support for
R&D projects may best be organized in each co~I.~A.nd or technical serv ice.
We have described certa in features of U! programs which should be consid-
ered. In making decisions about organization.

D. The concept of t r a i  n&J review of new items at the USCOIABC Board
Test stage Is important , since , when properly applied, it guarantees the
feedback of information which is valuable in the development of future
generations of an item and which may be applied to future R&D on related
Items.

!. Since a successful HP! program depends upon full use of the most up-to-
dat infor t ion on human perfor ce capabili~4,~~~ the Army stands to
gain much by contributing to the development of th~ state of the art
and from staying alert to contributions from sources of information out-
side the Army.

P. Prom the U! point of view, one of the most impressive features of the
Army ’s R&D programs is the wide variability in levels of HP’! problems ‘which
R&D personnel must solve. Certain levels of problems can, and. should, be
solved by members of the R&D team who are cognizant of the man-machine
concept, but who are not trained as HP! specialists . The knowledge and
skill of the RYE specialist are essential to the solution of ~~~e complex
problems ‘which extend far beyond matters of operat ing or structural detail.
We have described the various levels and given examples from recent R&D
projects of the kinds of problems involved.

0. The manpower requirements of a coordinated RYE program can be met by
using as fully as possible personnel with other specialties who are already
engaged in the R&D process and by employing HP’! specialists on tasks which
require their particular competences. We h*ve discussed ways in which
R&D technical personnel may become acquainted with the man-machine concept
and Its application to certain levels of problems. We have also discussed
ways in which the prese nt serious shortage of adequately trained HP’!
specialists may be reduced.

V R!CCIQI!NDATIOE

We interpret the wealth of information with ‘which we have been
provided during this first phase of our study as pointing clearly to
the fact that present RI’! capabil ities are contributing significantly
to the Army ’s R&D mission but that still further develo~ment of these
capabilities Is necessary if the full potential of U! contributions is
to be realized. Hi.man performance is oaly one of several major components
In modern weapons and other equ.j~ment systems, but, like each of the
other components, it may prove to be crit ical when not integrated properly
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in the system as a whole . The probability of human factors becoming
critical deficiencies is enhanced when the man-machine concept is over-
looked and when special U! knowledge and skills are not available vben
needed. In order to minimize the possibi lities of such criti cal dsficiences
occur ring, it is essential to view the Army ’s RI! requirements as a
coordinated program even though the R&D cycle involves a number of
separate c~~~andI and technical services • This has been our approach
during the present study; it is reflected in the following recomsendat ions.

A. Recwndation 1: The Army should state the official objectives of
its HP! pro gram. The objectives should be:

1. To Insur e that review of individual projects for determination
of HP’! needs occurs early in the R&D cycle.

2. To app ly U! knowledge and skills to all R&D projects , in no
instance later than the engineering design stages In their development.

3. To provide ter~~nA1 review and feedback of information about
U! problems arising and solutions achieved during the develo~~~nt of
each new item.

ii. To support facilities for applied and basic research leading
to advancement in the state of the El! art .

5. To provide facilities for identifyi ng information of potential
value to the human engineering of future items and. for making the Informa -
tion rea dily available in the most usable form with minimum delay.

B. Recomeendation 2: For the accomplishment of the above objectives the
Army should strengthen its central coordinative mechanism in OCED by
assigning at least one additional human factor s scientist (with clerical
assistance ) to the program, and by developing detailed procódures under
existing Army Regulations 705-5 and 70-8 to assure adequate central
prog ram review.

C. Rec~~~~nd.ation 3: Since there are wide differences among the various
comsni* end technical services concerned with R&D In the nature of their
HP! requirements, each conmnna and technical service should be encouraged
to determine the organization of its own internal U! pro gram. The nature
of the organization in each instance and any changes in it should be
reported to OCED in order that it may provide support and aid in inter-
rating the Individual programs with an over-all Army prog ram.

D. Reco end.at ion 1:~ Capabilities essential to achievin g the objective s
of early and terR1~~1 review of individual development ite*s should be
established in I~~C0IARC . Because the H~snan Resources Research Office
units alread y work closely with USCO1IARC Boards at the Armor, Infantry,
Air Defense , and Aviation Centers; and. because these units already possess
a degree of the required capability, we reco~~~nd that consideration be
given to requ ir ing HueRRO to provide the necessary technical assistance
to these Boards for such review.
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• B. Rec~~~~nd.ation 5: To meet other objectives of the Army ’s over-all HF!
prog ram, the technical services should develop EPE capabilities , if they
do not already exist, which will insure that : (1) at the feasibility
study phase , individual R&D projects are reviewed for determination of
HP! needs aM (2) when such needs exist , knowledge and skills are applied
throu~~out the remainder of the R&D cycle.

F. Reco~~~ndation 6: In order to make full use of R&D personnel resources:
(i) Technical personnel in Army R&D should. be trained and acquainted. with
HP! concepts and practices to the extent that they can:

(a) Aid in anticipating and. recognizi ng HI! problems :

(b) Solve HF! problems at the levels of operating and.
structural details; and.

(c)  Know when to seek the advice of HI! specialists.

(2) HP! specialists in the Army should be employed on tasks which require
their particular competences.

0. Rec~~~ ndation 7: Special methods, e.g., seminar series, short courses,
handbooks, should be developed to acquaint R&D technical personnel with
U! concepts and practices. ‘The Army’s present “circuit ~eminai series”
is an important step in this direction.

ARMY HUMAN FACTORS ~NGI&~ RINO IN
R~SI~ARCH A~ i) ~~V~LOPM~NT OF ~4~Ri~CONVj~NTIONAL W~AP0NS ~N~) OTII~R
~QU IPt€NT SYST~14S

William i~~~. Kappau f et al
23 June 1960 
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