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THIRD ANNUAL ARMY HUMAN FACTORS ENGINEERING CONFERENCE
QM R&E COMMAND

Natick, Massachusetts

Z, 3. and 4 October 1957

I. AGENDA OF THE CONFERENCE
2 Oct S7 MORNM;G SESSION: Dr. Lynn E. Baker, OCR&D. Chairman.

0930-1030 Registration

1030.-1100 Opening of the Conference:
Announcements* Dr. Lynn E. Baker. General Conference Chairman
Welcome- Brig. Gen. C. 0. Calloway. Commanding General. Hq QM

R&E Command, Natick
IIUO-1 130 Introduction of Keynote Address: Brig. Gen. T. J. Conway, Director'

of Research, OCR&D
Keynote address: Dr. James B. Edson, Assistant to the Director of

Research and Development, OSA. " Man: The Ultimate Weapon"

AFTERNOON SESSION: Dr. Austin Hlenschel, Environmental Protectiun Research
DLvji. jon1 M R&E Command,_Session Chairman.

1300-1400 USCONARC Presentations
Col. H. V. Middleworth. 1ICQ USCONARC, Combat Developments
Section: "New Organizations and Tactics"
Lt. Col. E. A. Fossum: "Impact of New Tactical Concepts on Ma-
teriel Objectives"

141S-144S QM Presentation: 13w. E. Ralph Dusek, Psychology Branch, EPRD:
"Manual Performance in the Cold"

144S-1630 QM R&E Center facilities tour.

3Oct 57 MOP.NmN3rT. qrstn:. He r. F.G~ 0o4 Psychology Branch, EPRD, OM R&L
onG W. Cairman.

0830-0900 TSC. Presentations
Col. Charles W. Hill, WSC. Research and Development Divition.
OTSG: "Selected Significant Results of Recent Unpublished Research
Within the Research and Development Division of the Office of The
Surgeon General.'

Dr. Lee S. Caldwell. U. S. Army Medical Research Laboratory: "The
Effect of the Spatial Position of a Control on the Stringtbs of 3ix
Linear Hand Movements"

Capt. John L. Fletcher, MSC: "Noise Exposure aud Hearing Loss: A
Military Problem"

0900-0945 USCONARC Pre sentation
Maj. Nelson A. Mahone, Jr., Avn Bd. and Capt. John J. Sullivan,
Arm Rd.

"Examples of the Practical Influence of Human Factors Data on
Army Equipmeiut Design"

1000-1130 Ccncurrent. separately assembled, Working Group Session@
Group A, Room R302, Col. E. A. Fossum, Chairman:

"Utilization of Available User Experience Inkformation During Engi-
neer Design Stage of New Equipment Design"



Group B, Room RIZO, Dr. Henry Gaydo0. 0hirman: , k

"'Training of Engineers in Application of Human Factors Data, and
Optimum Utilization of Engineering Psychlogists in the Technical
Services"

Group C, Room R106, Dr. John Kobrick, Clairman:
"Escablishment of an NRC Committee to Select and Arrange for
English Translations of the Best Foreign Literature in Hman
Factors Engineering"

Group D, Room R109, Col. Charles W. Hill. USC, Chairman
"* 'Hussian Factors Contributions to Equipment Design for Night Oper-
ations"

Group E, Room D200, Mr. Henryk J. Bulkowski, Chairman
"Human Factors in flesign for ELiase of Maintenance of Army Ma-
teriel"

AFTERNOON SESSION: Dr. E. Ralph Dusek, Psychology Branch, EPRD, OM R&L
C!mdL. sSot, Chairman

1300-1330 OrdC Presentation
Dr. John D. Wcisz, Ordnance Human Engineering Laboratory, APO:

"System Evaluation of Ordnance Matrriet"
Mr. Thomais Goldsmith, Human Engineering Unit, Picatinny Arsenal:

"Specification of Brightness and Readability for Self-Luminous
Control Panel Elements."

1330-1400 CmIC Presentation & Film
Dr. Earl Davey, Army Chemical Center. Md.: "Human Factors

Engineering Aspects of the Design of Field Protective Masks"

1400-1430 TC Pre.'- ntation
Dx. 7ohn W. Bailey, Transportation Corps Research and Engineerfng

Cc.-nmand: "Human Factors Engineering in the Transportation
Corps"

1430.1S00 TSG Special Presentation
Col. Maurice Fletche r, MSC, Army Prosthetics Research Laboratory:

"Some Human Factors Engineering Implications from Design of
Prosthetics."

1515-1700 Concurrent, separately assembled, Working Group Sessions (Continued
in Rooms as indicated for morning ses.ion, same date)

1700-1830 Social Hour

4 Oct 57 MORNING SESSION: Dr. John M. McGinnis, Psychology Branch. EPRD. OM R&E
Cmd. Session Chairman

0830-0900 CofEugr Presentations
Mr. Alonzo J, Vrooman, Mechanical Enieneerini Department,

USAERroL: "Industry's Acceptance of Ease of Maintenance Fea-
tures in Design"

Mr. Benjamin Goldberg. Electrical Engineering Department,
USAERDL: "Effect of Flicker on Humans"

Mr. Henryk J. Bukowski, Provi stoning Div'l|or.F•nglneer Malntenence
Center, Columbus, Ohio: "The Human- Engineering Factor in
Equipment Specifications"

0900-0930 SigC Presentation
Mr. Paul E. Griffith, Office of Engineering Operations, USASEL: "Se-

lected Significant Results of Recent Signal Corps Research. and
Major Future Studies Planned"

0930-1130 Reports of the Conference Working Groups

AFTERNOON SESSION: Or. Lynn E. Baker, OCR&D. Chbairman

1300-1400 Invitei Paper
Dr. Alphonse Chapanis, Johns Hopkins University: "Human Factors

in Systems Engineering"

1415-1430 General Chairman"S Summary of the Conference.

1500 Conference Adjourns.

2



II. INTRODUCTION
Referencer amr Background of the Conference, and Summary of Opening Remarks of Dr.

Lynn F.. Riker, General Chairma. nfthe r•.e'¢rence. a.'d of BrigadIer General C. G. Calloway,
Commandinig Genrr.il, Hq QM R&E Command, Natick, Mass.

I. SPONSORSI'!P The Annual Army Human Factors Engineering Conference is
OF THE COrlFEa1- sponsored by the Chief of Research and Develupment, Department
ENCF: of the Army. Two previous such Conferences have been held and

.4 their reports are as follows:

a. "Army Human Engineering Conference," The Pentagon, 14-15
December 1955.

b. "Second Annual Army Engiueering Psychology Conference,"
7-9 November 1956, Army Medical Research Laboratory, Ft Knox,
Ky.

.'. PURPOSES OF 'The purposes of the Conference are to:
THE CONFERENCE:

a. Provide direct interchange of information on human factors
engineering among personnel of Army development and user agencies
and other related qualified individuals;

b. Provide recommendations for Army follow-up to assure
exploitation of all opportunities for improving man-machine com-
patibility in the design of Army materiel.

c. Provide a Conference Report which gives a useful and com-
plete single annual reference summary of all Army human factors
engineering l8.13 activities.

3. 'YORK OF-THE a. Preparation of Conferees. Appendix 2 of this Report was
CONFERENCE: distributed as Conference "Homewcork" material for advance study.

These materials summarize, for each Army Agency havinga human
factors engineering R&D program: I. Vitae of Professional Per-
sonne*.; II. Current Projects; 111. Bibliography of Published Reports.

b. Presentations: Presentations absume familiarity with the
above materials and cover selected recent unpublished R&D results
and major future plans. In addition, the "keynote" address and
distinguished invited paper are presented in Chapters III and VII
of this Re port.

c. Working Groups: Groups were assembled at or in advance of
the Conference on sele-ted topics, w~thspecific terms of reference,
to present recommendations to the Conference for Army follow -up
action, or to initiate c:ontinuing study for report and recommendation
at a subsequent Conference. The Working Group Reports are pre-
sented as Chapter VI[ of this Report.

4. Welcome to the Quartermaster Research and Engineering Command at Natick was extended
by Brigadier General C. G. Calloway. Commanding General.

5. Appreciation for the -.xcellent facilities ane. arrangements provided for the Conference by
its host, Brigadier General Calloway, was ei:pressed by the Conference Chairman, who then
introduced Brigadier General T. J. Conway, Director of Research, OCR&D.

/S



C

Il. MAN: THE ULTIMATE WEAPON
INTRODUCTION OF KEYNOTE ADDRESS

Brigadier General T. J. Conway

Mr. Chairman, Distinguished Guests, Ladies search and Development has now moved to
and Gentlemen: Ft. Bolvoir. At Ft. Belvoir we have

established an "OCR&D Field Office" which
remains an integral part of the Office of theLt General Gavin, Army's Chief of Research Chief of R&D yet takes advantage ofthe bone-

and Development, and MaJ General Wood,his fits of space and detachment afforded by a
Deputy, wish me to bring ycu their best field location outside the Pentagon. As a
wishes for an interesting and productive companion-piece to this Improvement of
Human Factors Engineering Conference. Both their office facilities you should alto be
General Gavin and General Wood would have aware that your Ceneral Chairman, Dr.
liked to be here. Both fully understand and Baker, has in the past few months been ele-
endorse the values of this Conference in in- vated to be the Army Chief Psychologist and
proving human factors engineering of Army General Gavin's principal scientific advisor
equipments. Both, however, are precently on matters affecting human factors in Army
occupied nn other important matters of R&D.
eq;ally great concern to the well-being of I indlcatedearlierthattheArmyrecognises
your programs and all of Army R&Dnotably that the man, the soldier, is central to ac-.
the Army Budget. They therefore must send complishment of the -Army's mission in war.
you t'eir greetings and best wishes while they Those of you who are not Psychologists may
carry forward these other pressing matters, wonder whatpossible connection could jarompt

News from the Pentagon at this time surely, us to ask an astronomer and astrophysicist
as you know, must give a central role to to be the "'keynote speaker" fora conference
budgets and funding. We are having an un- focused an human fac, ore. For those of you
usually long "b.udget season" this year. We who are Psychologists, such a choice will
have always practiced strict economy in the seem 1nsgularly appropriate. You Psycholo-
Army and will continue to do so in future. gists will r"call that it was the English
Beyond strict economy, however, I believe Astronomer. Maskelyne who, in 1796, dis.
that you already know that substantive cuts missed his assistant because of a large and
may also be necessary this year in many increasingetrrorwhichwas somehow creeping
Army R&D programs, into the Greenwich observations of the times

in the face of the probable necessity for of stellar transits. These observations of
such cuts, you will be pleased to know that, Maskelyne on his unlucky assistant were
as a matter of R&D policy, the Army recog- further analyzed and experimented with by
nizes that the man is uniquely central to the Germai astronomer Bessel at Koenigs-
accomplishment of the Army's mission. Ac- berg, who found that there were certain
cordingly it has already been determined constant differences amrong observers. In
that, insofar as possible, the Army's small 182Z Bessel published the results of these
but important Human Factors research pro- studies attributingtheseconstantdifferences.
gram will be spared the brunt of budget which you now study as "reaction time," to
reductions. This does not mean, of course, something he called '"thepersonalsquation."
that it will be possible to avoid some reduc- In the Army Ordnance Corps, and more
tions in this program. It does mean that, as recently in his new post as assistant to Dr.
you individually may face curtailed funding, Martin, the Army's Director of Research and
you may take some grim comfort from the Development. our astronomer-keynoter has
realization that "it could have been worse." had numerous opportunit!-s to observe and

Dr. Rolleison, who last year addressad reflect upon "the pw junal equation" in
this Conference as Army Chief Scientisthas connection with the Army's mission. He has
now returned to his position as Chairman of react -,d some conclusions on this matter
the Department of Physics at the University which I know you will wart to hear. I am
of Wisconsin. Dr. Richard A. Weiss has been therefore pleased to Introduce to this Con-
designated Acting Chief Scicntist. As further ference Dr. James Edson, whose address
"news from the Pentagon," you may also bears the significant titl. "Man: The
have heard that the Human Factors Research Ultimate Weapon."
Division of the Office of the Chief of Re- Ladies and gentlemen, Dr. Edson.
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"MAN, THE ULTIMATE WEAPnN"

Dr. James B. Edson,
AUssistant to the Director of Research and Development

U. S. Department of the Army

I bring to you Dr. Martin's heartiest of the personal equation certainly lies close
greetings. He has emphasized to me the to tle beginr.t...s of quantitative psyLho-
importance that he attaches to your field physiology. Astronomers hale encountered
of human factors work. He reviewed for me some other interesting human factors prob-
his address to you at your conference two lems that are directly con-aected withworkto
years aso, in which he recountel his own be reported at this conference. Astronomical
humaa factors studies in connecti in with the studies of atmospheric shimmer began with
creation of the r.modern telephone, the invention of the telescope. The original

Dr. Martin corfidently expects you further telescope tracking p-oblem was to keep a
to extend the application of measurementand camera aimed precisely at a star field during
quantitative theory to broad human problems. many hours of exposure. Controversies over
an activity to which biologists, psychologists, observation of support "markings" on Venus,
and engineers have already so notably con- which are not real, and the "canals"of Mars,
tributed. He urges you to make increasing which are real, were essentially signal-to-
use of operatious research; this in the noise problemsofaneralongbefore electron.
interest both of effectiveness and economy. ics. And the blink microscope, as used in
He counsels you to oecome ever morc fa- planetary search work, is the acestor of all
miliar with %he special problems and require- moving target indicators.
men.s of the qoldier, in order more effectively In each of these astronomical problems,
to discnarge your key role as transducers man, with his native sensory, mental, and
between the scientific and the military corn- manipulative equipment, played the decisive
munities. Finally, Dr. Martin reminds youof role. The same is true of fighting. We hear
what you already know--that the Armykeenly much talk today of "ultimate weapons" with
appreciates and siipports your work. one gadget or az;:ther nominated f,'" *t~t

General Cunway hAs referred to the battle imposing role. This performance reminds
of the budget. Iwould like personallytotestify me of the annual beauty queen contests. We
to the energy, endura. ce, wisdom, and get a new "ultimate weapon," if not annually,
gallantry with which General Conway and the at least every few years. These titanic gadgets
whole Army staff team conduct that unending have just one thing in common. Their ultimate
campaign. It remains a fact, however, that, purp.ose is always to control or destroy that
in these days of tight budgets, the Army's truly ultimate wea.pon--man himself. And
appreciation of your work and ofyouraspira- when all of the gidgetary uproar subsides,
tions may not always find full expression in what crawls out of 'he shattered Iandscape
dollars. Indeed, perhaps our efforts should to settl? the argument? What else but that
not be so measured. Rather, the true measure incredibly tough and deadly weapon. the thing
uf accomplithnm.ent may well be taken by each of which Armies are made--the Manol Our
of us for himself. You have, I am sure, central problem and unique Army responsi-
shared my experience of those small but bility is the preparation, equipping, support,
repeated incidents that remind us of the and tactics for that ultimate weapon.
innocent and almost terrible trust reposed in I was muich interested in the cover on your
every one of us by our neighbors and fellow last year's conference report. Starting out
citizens. They must, and do, depend on ".s to with the br,,te in the raw, your artiatproceeds
outmatch and to overawe the powers that to equip him with items that augment his
threaten them. They give us not only of their native deadliness while protec:ting his
trust, but also generously of their substance, frailties. Let's carry this process to its
They carry us ontheir shoulders,thatwemay logical extreme--Let us imaginethe ultimate
see further than they. So, as you present your soldier: the super-trooper. He has three
work here, you might imagine that your properties. He appears instantly when and
Russian colleagues are sittingoutthereinthe where required. He movesamonghis enemies
empty rows. I hope that, as you go on, you immune to their attacks. He secures their
may i-ense a proper awe and respect in that consent to our national willwithoutdamageto
phantom audience. I hope that you may never his opponents or to the surroundings. If ont
hear, as I haveonceortwicetheghostly echo measures the "efficiency" of aweaponasthe
of their scornful laughter. ratio of wanted to unwanted effects, thenthe

But enough of these occult manifestations. "efficiency" of the super-trooper is infinite.
With so many psychologists in the audience This is to be contrasted with the same
I'd better get away from parapsychology and parameter for large "strategic" bombs,
back to the safe realm of astronomy. As which have tn "efficiency" of practically
General Conway pointed out, Bessel's analysis zero. Your aim, then, may be described as

6
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the development of the ma•. and his equipment such groups, but the outlined pattern of
together intu an optimal tactical agent whose capabilities seems, indeed, almost within
capa.bilities approach tne ideal. the capacity of present science.

Of course, at the moment we have ro The powers of the "super-trooper,"
"Super-trooptra"--probably we never will. dramatic as they are, may lie perhaps not
But we just might, b~y taking a new look at so far beyond the present boundaries of the
the possibilities, mnke some unexpzcted art. In reading the reports of your im-
progress. Takeforinstance,therequirement pressive progress over the past few years.
that the super-trooper move immune among I am inspired to believe that you have occu-
his enemies. Is armor the answer? Well, pied the present territory-oihurmanengineer-'
not by itself, anyway. You psychologists, ing in a very workmanlike manner. My own
biologists, engineers--can you imagine a claosifi.ation and countup of your activities
"novel approach? The fact is, I am sure, tha. as reported at last year's conference to% %Iled
if we break away from mental fixation on the about 40 applied and 70 supporting research
usual solution, we can think of several new projects. This is my own count and not
ones. We may hope within a decade to make connected with any officialor budgetary tally.
our soldier substantially immune to small In th- sane way. I found about 30 projects
arms and tc Mgh explosive fragments. We that appeared to be basic research. It now
can perhaps in th- same time frame provide seems to me that the Army's need and your
him with a technological watch-bird that sits own capabilities summon you to cross the
on his helmet or shoulder and looks around frontiers, and to present our rivals with a
-Nhile out soldier proceeds on his business. jolting le.iiological surprise in the form of
When the watch-bird seez something suspi- new and unheard-of Army human factors
cious it may either tell the soldier who then capabilities. I feel confident that, with a
takes alook to see what goes on--or ina slight- determined, creative, and disciplined effort
ly more sophisticated model--the watch- you can sticceed in this. My confidence is
bird may, In a time very short compared to based on the observation that, due partly to
human reactions, perform an identification fixations and tabus, partly to plain neglect,
of friend or loe and train and fire on ary the application of truly modern science and
hostile manifestatioi.. If the soldier were technology to the human factors field has not
not otherwise occupied he could then look been fully exploited.
around and satisfy his curiosity as to what For example, osie might make a contact
his enemy had been. The soldier's hand lens with a little rod that work* a pair of
weapons, if he still needs any, can be of a potentiometers. The wearer looks into the
smart and eager type which needs only to be eyepiece of a tracking instrument and simply
pointed n the general direction of the target. follows the target with his eye. The po-
As soon &s it sees the target for itself, it tentiometers drive a servo in the tracking
locks on and only when on target does it mount which follows the eye motions. And
fire. All the soldier has to do is to swing the here's one case where I'll bet the eye is
weapon into general alignment by way of quicker than the hand.
target dsignation and pull the trigger. Or Let's try one more. I see by your work
perhaps he desires only to neutralize--not that simultaneous use of a variety of sensory
to kill--his weapon can have a "perst.ader" channels helps a man to span more inforrma-
instead of a kill capability. What devices tion or to be more confident in his responses.
will secure consent without damage? The I read about buzzers on the skin--a fine
rude concept of persuasion through slaughter idea. But how about that third "eye," the
has reached its absurd extreme in present to..gue? With it, you can build up amagnillied
weapons. What novel design principles should and detailed picture of your teeth, including
go into z. firn, but gentle "persuader" for all the little corners, cavities, and textures.
our future soldier? Or what likely fields of Now, the topography of a man's teeth is
research might yield such principles? usually a dismal and mo;,otonous view. How

By way of auxiliary equipment our per- about installing a more livtly scene, like a
suadcr teams might be provided with a type ra'ar or infrared image, or maybe an
of vehicle which for reason soon to be instrument panel, for presentatioin to the
obvious, I will call a "skunk." The skunk tongue? The transducer might be either
would have atacticalatomic explosive weapon electrical or tactile, and could be built and
carried aboard and equipped to be fired by arranged for insertion behind the lower teeth
any hostile molestation. Such a vehicle in such a way as not seriously to Inteifere
suddenly disclosed in hostile territory might with speech.
well invite respectful or even courteous I am only a layman,--you experts must
treatment by the enemy. The operators of such have better ideas by the hundreds. I would
a vehicle would require considerable nerve like to point out, however, two of the very
but they might accomplish results otherwise concrete examples of work across the fron-
impossible. There remain, of course, num- tiers that you will see at this conference.
erous and sundry problems of clothing, One is the presentation by the Army prosthe-
food, fuel. communications and tactics for ticibts later on this program. It seerns to
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me only Aa t p from their work to the actual Captain Pitman's mentor, one of the world's
physical modification of man for the optimal pioneers in military robotics-.Mr. James M.
performance of spetial tasks. And just beyond Mikula. We are indebted to Mr. Mikula,
that I foresee a device I hr~ve wanted all my Mr. C. D. Fisher. Mr. E. Rachel and their
life- -a "wisher." The 'wisher" would plug colleagues at Pitsinn-Dunn Laboratories for
directly into the hunmAn system, %hereupon this demonstration and for the imaginative
one would merely have to wish and his pioneering research that made it possible.
equipment would respond lie part of his own Gentlemen, in the last few mint.es I have
body. broupht you the assurance that the Army

I -would like to bring you a second exampl* knows your yal% a ane needs your work. I
of Army work across a frontier and ina field have pcinted out that the Army's apprecia.
potentially related to your own. The physiolo- tion cannot and must not always be measured

iStat have long been intrigued by the capa- in terms of budget and 1, have spoken about
bility of muscle lo do efficient work. When the truer measure that we all know: for
to this efficiency one adds an Llnloat simbient each--thes measure of his own effort in terms
temperature and absolute silenc.!. tho. mil!. of the truikt.%4 have accepted. I know you
tary potentialities of muscle as a source of will share w4th me a very lively pride in
power ar* obvious. The Frankford! Arsenal your Army accomplishments and growth over
has for omne years been working on a basic the past faa years, as reflected in the pio-
mcientUt, approx'-h "' the L-nderstandin.- -nd ceedinge of these meetings and in the respect
control of muscle-like energy trans, m-orq, which you have won among your colleagues
Believing that you %would find thel.. wnv'k throughout the country. I think you also sher*
interesting, and encouraging to your -'wn off- with me the realization that our obligation
the -beaten track Idea s, I have prevaiied upon deatands nn~ch more of us for the, future
them to demonstrate it here today. My comn- than we hay,' achieved in the past. We must
panion here on the platform has been quite lAy our patlts into new fields--we must work
impatiently waiting to address ynit. -l shall beyond the ;tontiers to provide the men of
therefore deter tb- remaindetrof my remarks our Army 4ith decisively superior *al,
and introduce him a, this point. Ladies and bilities. We must provide our olponents at tie
gentlemen. I give you that true pioneer and same time with a jutting surprise to the
muscular fell~w trorn Irankfnrd Arsenial-- effect that there are things not dreamed in
Captain Pitmrintl their primitive anti often brutal philosophy

of human factors. I have tried to point out
(Demnstrtionof Rbot owerd ~ my own all too haav glimpses of whnere )it(Demnstatio ofRobt poere by the frontier* and how we m..ýv drive acrossartificial "muscle engine") then'. Now, may you gain a. e. vision as you

confer tog ether here. Ma., you find, in the
Thank you Captain Pitmian. May your speed. months ah*: I. strength, anti inspiration to

strength, and dexterity increase mightily metch your .-.nique responsibility for Man--
over the coming years lil Now, may I present the ultimat-"&vePon.
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IV. USCONARC PRESENTATIONS TO THE CONFERENCE
NEW ORGANIZATIONS AND TACTICS

Col. HI. V. Ulddleworth, Hq. USCONARC

Introduction capability at ePid above the general support
level has been vastly increased by the

Gentlemen: Ilshaillbrfefly describe the now inclusion of nclar *elivery means in a

a ortM

divi atona! oganizations 0t the Army and Indi.- cornposite battain hs chianges in orgent-
cate how they came about. Additionally. I -a0o-nw require modification In the doc-
will endeavor to describe somet of the tacti- trnn. of employment of fire support. A
cal concepts applicable to one of these now minimum requirement w!ill be that, proximity
organizations, the Reorganized Infantry Dili- of friendly troops permnitting, the division
Mion. Subsequently. Col Fossun,, also of commander will have -permissive" authority
USCONARC, will indicate the impact of these to utilize nuclear weapons with "veto" au-
new organizations and their tactics on our thority retained by the higher commander.
materiel objectives. An anticipated increase in the antiaircraft

capabilities In the form of certain missilseli
ROCAI)units to provide an "umbrella" defense forROC~nthe field Army and corps area of combat

operations has permitted the withdrawal of
Figure I shoýwt the newly Reorganized the smell caliber AA forward weapons bat-

Current Armnorcd Divivion IRtOCAW). A cur- talion and their concentration under AA
sory glance at the IIOC.AD organi.tational s~onirul for the most efficient defense of the
chart give: thc 9''*t "'hinthat there combat zone. AA doctrine will probably pro.
have been few if any chaniles from the pre- vide for attachment of. or direct support by,
yiou. organizations. While It ts true that forward area units when the mis ia on of the
there are many remarkable similarities. ROCAD division visualizes it moving out fromn
there are many evolutionary, but neverthe- under the effective protection of this urn-
less basic, changes expressed within the brella defense. Again, this change is a
general ROCAD framework,. reflectionk of the relative effectiveness of

The number and Internal sttructure of the conventional AA weapons via a via modern
major combat elements of ROCAD. I.e., the high performance aircraft, the necessity C,
tank end armored Infantry battalions and conserve manpower, and at the same*
division artili~rv. bear a striking resemn- time marshall the necessary skills and ad.
blanc. to former organ! ratt on*. This Is yenced devices into an effective AA
especially true with respect to the command defense. Perhaps as these newer AAweapaps
structure, the number of subordinate ele. become more plentiful, less complex, and
menrts, and their equipment. The chsrac- more adaptable to highly mobile units, they
tertisii.s of mobility, armor protected fire- will again be Integrated into the Armored
power, and a high~y efficient control and Division.
communicationsb system, which are pre. To provide for inereased control end
requisites to ths conduct of warfare on the coordination and a better reconnaissance
nurlear battle(;eld, have alsoalways received capability to locate nuclear targets and to
a higih order of emphasis in Armor's pre. cover the voids which will exist an -dis-
nlirlear doct-Iiie, organization, and equip. persed battlefield, both the reconnaissance
ment. Current anid future emphasis on battalion and the signal unit have been
development In these fields is aimed at increased substantially In strength and caps-
enhancing Armor's already considerable bilities. The former now has integrated
capabilities to control mobile formations of companies rather than Integrated platoons,
the combined arms In the presence offriendly as well as an embryo reconnaissance at.d
or enemy nuclear weapons. surveillance element equipped with e~lec-

The most fignificant differences from ironic detection devices. The full realization
previous organizations appear in the divi- of the potentialities of this reconnaisbance
sion artillery, the reconnaissance battalion, and surveillance unit and its airborne and
the signal hatil&Uon and the combat aviation ground devices must await the production
company. and delivery of Improved materiel. This is

While direct artillery support and liaison one ares in which subsequent revisions of
io provided by a raher conventional direct the 'bE will probably reflect the gkrieat-
support artillery organization, the firepower set chaonges. .dependent upon the exact
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capabilitieh ano Itraiations of the final pro- ROCID
duction models of materiel. Again, charges
in materiel will cause changes in organiza- Briefy I have described the characteris-
tion and doctrine, tics and some of the employment techniques

The exact teming and control required in of the new Armored Division; now I will
coordinating an attack with an atorvnic strike, turn to the Reorganized Current Infantry
the dispersal of units, and a requirement for Division which we call ROCID. I am going
better and more timely intelligence are all to stress this new organization in somewhat
reflected in the organization and equipment of greater detail for it represents a more
the signal battalion (furmerly companyi. Thc tAiadlh change rorm the Infantry Division of
precise accuracy and message control which WWII and Korea.
can be achieved through radio teletype ore In developing the basic structure of the
reouired for such purposes as coordinating new infantry division (figure Z), -we have
atomic fires, where no misunderstanding can attempted to anticipate future trends to the
be tolerated. Moreover, this means is less greatest possible extent. Consequently, it
susceptible to enemy intercept and analysis was designed to meet certain criteria. These
through straight voice FM traffic, which criteria are:
brings an added meastre of security against I. To be suitable for employment in the
enemy atomic attack. For these reasons the foreseeable future.
capabilities of the signal battalion have been 2. To be capable of Integrating new
expan,.ed both by additional persurinel and weapobs and equipment as they become
additional equipmernt, principally in the radio available.
teletype (RTT) field. 3. To facilitate the early incorpora-

The ROCAD combat aviatioa companydoes dion of future operational and organizational
noý add a new capability to the division. It concepts in training literature and service
Is merely an organizational device which school instruction.
concentraien all Army aviation into one unit, 4. To facilitate early training of com-
in order that more effective nmaintenance manders and staff officers in warfare of the
and supply procedures, and pilot rotation, future.
will insure the best aviation support of the In addition, a basic aim was to build an
overall division mission. It. doctrine of infantry divisio" around a preponderantly
employment visualizes assigninent of support strong Infantry component, supported byenly
of all combat elements of the division on an those minimum balanced elements of the
"as required" basis. Certain elements of other arms and services habitually needed
the company will be earmarked for lhabliuAl to suppost the infantry component regardless
employment in support of the same units, of theater of employment. As a result, the
This is zspecially true of support for the basic structure is lean. At the same time.
reconnaissance battalion and division at- the design is sufficiently flexible to permit
tillery. If maintenance difficulties or other the ready attachment of units to reinforce
unforeseen difficulties render certain air- the division for employment anywhere in the
craft inoperable, support can be quickly world.
reallocated so as to be applied to the most In comparison with our division of WWII
remunerative area of effort. Thl- t.pe or- and Korea, ROCID Is smaller, more mobile,
ganization hakt permitted almost doubling and more flemble. One echelon of command

, the aircraft In the division without jeopard- has been eiiminated, leaving the infantry
lzinR their effective employment through or- battle group as the only echelon of comtmand
gsnfzational fragmentation and the resultant between the rifle company and the division.
m-lntenanre diffiulties. We consider that this reduction in layers of

The princiral difference s in the supplyaand command will assist in sneeding up the re-
service echeluns of the division are the action time required to meet the demands
addition of tank trucks and replacement of of the atomic battlefield. At the same time
certain 21 toit by 5 ton trucks in both the the assistant division commander has been
unit *,nd division trains. Since the mobility provided with a staff '.hich will enable him
of the division Is ultimately based on the to command a task force when and as re.
energy equation of petroleum fuel, the In- quired.
creased consumption factors and powered A comparison, In terms of organization
equipr.ment density demanded a more effi- and streni'vh, between the old and the new
cient supply system. The number of cargo divisions and their Infantry colampln-•4 ,!l!
trucks and consequently their POL con- show that even though the Infantry strength
sumption has been held to an absolute mini- :s some 3400 less, there are nevertheless S0
mum, while at the same time the specialized rifle platoons as compared with 81 in the
gasoline tankers will permit moving a certain old division. Note also that the new division
amount of POL forward In bulk which I. also has more riflemen--Z640--as opposed to
more economical, both from the standpoint A137 in the old division. This has been made
of manpower and the ton-mile fuel con- possible by utilining a larger squad, con-
sumption ratio. taming I I men instead of 9.
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Now et'f, take a lookS at the components of an engineer platoon and an AT platoon. We
the ROCID divbi- n 0-own in Figure 2. The expect to equip this latter platoon with DART
organization of major supporting elements of when it becomes available. In the Interim,
the division is tailored to facilitate .upport the current 9"-mm gun tank will probably
cf the five bat~ie groups: be the primary armament.

1. The divi -.Ion tank battalion has five 11. The four"Idetiitcal rifle coritpanies
companies of It .anks each. each contain five platoons. four rifle pla-

2. The divsis.n artl'lery~ ha.ý .n!,, twc toonxa nd a, weapons platoon, The rifle
battalions, however, the light battalion has squads or sections of eleven men are organ-
five firing hatteries, each having ji I105-mm iired into two fire teams Of five Meneach and
howitzers. A comnmitted battle groucp may a squaJ leader. Each fire team contains an
expect to be reinforced by a minimum of automatic rifleman. Each rifle platoon has a
one of these batteries. The general support weapons squad of two light machine guns and
battalion has two batteries of six 155-mm two 3.5 Inch rocket launchers. A 90-mm
howitzers each. Its two other firing bat- recosilless rifle is under development which
teries both have an itomic capability. One will replace the I.S-Inch rocket launcher
battery has four 8-inch howitzers. The other and give a greater antitank capability. There
battery has Iwo -'HONFST JOHN" launchers, are three 11I-mm mortars and two 106 mm

I. T!%e engi.Iecr battalion is organized recoilless rifles in the weapons platoon.
with give companies to permit one company Overall we consider that this tosa large and
to be attached to, or placed In support of potent rifle company-. With its heavier caliber
each battle group, weapons, we can expect it to produce a much

4. The reconnaissance company of the greater value of firt than its predecessor.
old division has been replaced with a re- The main heavy fire support for the rifle
connaissance hattalf'on containing three companies of the battle group will be pro-
armored cavalry companies. In addition. vided by the artill'ery mortar battery which
the battalion headquarters company has both contains eight 4.2itech mortars. These may be
aerial and ground surveilltnce equipment replaced.
for atomic target acquisition. The new division, with a little more "'fox-

5. A signal battalion replaced the former hole" strength than its predeces sur. is more
signal company. It Is organized to provide mobile and more flexib~le and utilizes span of
adequate communications and control means control more effiriently to reduce overhead.
under conditions of increased dispersion and We believe that Its five Infantry battle groups
atomic destruction. This communications are powerful einough to survive as effective
system, known as the area or grid system, fighting forces under Operational conditions
providIcs for multiple communications cen- which emphasis* widerintervals and distanceit
ters to insure uninterrupted communications between them In the battle area. It ioOrorgn-
during atomic warfare. lised to irtegrater new weapons andi equipment

6. The division tra'n* command con- as they become available. The inclusion of an
thins not Only the usual technical and ad. organic atomic capability within the division
m'.'i"-attve services and a pool of cargo is of particular significanceI In addition,
trucks or lorries, but also an aviation com- this division can quickly field powerful
pany and two armored personnel carrier mechanized, mobile task forces. We believe
companies. that' it will he able to dominate a goodly

7. The aviation company to located in share of the battle area.
the trains command to facilitate maintenance. Let as now consider how this unit will

8. The two armored peta snnel carrier function on the atomic battlefield--or the
companies contain suifficient APC's to lift a non-atomic battlefield. In the latter, case.
battle group and a half. This carrier lift, conventional weapons woovld provide the nec -
ta!e;P '.,ith his tank!, gives the divsibin essary fire support. First we s~halt consider
commander the means q~uickly to constititte the division in the attack and then turn our
mechanized, mobile forces in ?!t:ny possible attention to the defense.
combinationsl for a variety of missions. In
other words by adding these APC's to the ATTACK
division, we have built In a tremendously
augmented mobility and flexibility potential. The conduct of tue attack will' vary Inform
The new APC now being developed will be depending upon terrain, the enemy situation,
ai r-transportable and capable of swimming the number and type of atomic weapons
across Inland waterways. available, tactical air support. andthsdegrae

I. Thc admlnistIsative services com- of air and ground mobility attainable. All
pany incorporates the special staff agencies.- I attacks will have one thing in common--
AG. Finance, and the like--also the former they will be characterized by rapid move-
replacement cimpany. ment to assault positions, vigorous assaults

... In the new Infantry Battle Group, and rapid exploitation.
the headquarters company contains three We visualize the attack (figure 3) as a
combat elements, a reconnairisince platoon, continuous flow or movement of forces tothe



division objective. By this means, combat airlanded force is employed in a blocking
power ib applied continuously throughout the role near the division objective. To insure
duration of the attack. Actionj is initiated by success, the main attack must be charac-
one or more battle groups reinforced with terized by speed and violence in order to
tanks and engineers attacking relatively deny the enemy time to react effectively.
close-in objectives on foot in conjunction with
atomic and other supporting fires. Reserve DEENSE
elements consist of one or more battle groups
with attached ranks. These units are mounted By way of iilustration, figure 5 shows an
in available transport, including APC's. example of one way In which the division
Throughout the advance, attacking elements might conduct the mobile defense. Well
heavily engaged are raoidlv bypassed by forward of the defensive area, reconnaissance
"mounted reserve units, or reinforced by aviation and a covering force provioed by
these reserve units and/or atomic fires, If higher headquarters furnish security and
required. Armored personnel carriers are give early warning of attack. Between the
ideally suited for transporting this reserve, covering force and the forward edge of the
The APC's will deliver the reserve units as battle area, the division :ommander estab-
close to their objectives as possible. At this lishes his own reconnaissance anti security
point they dismount and attack on foot. The forces. The Reconnaissance and Security
transportation withdraws to. be used to lift Line is located about 3 to 4 miles in front of
additional or reconstituted reserves for alm - the main battle position. It will usually be
lar future employment. Momentum and mutual manned by forces provided by the forward
support are maintained by the rapid phasing battle groups, augmented as required by the
of these mechanized reserves into the attack. attachment of other divisional units, par-
A measure of security from enemy atomic ticularly reconnaissanc, elements from the
fires is afforded by rapid movement of these Divisional Reconnaissance Battalion. The
forces not closely engaged, andbydlspersion security elements establish a series of
of reserves. In this form of attack, when lateral outposts, road blocks and observa-
given adequate atorric weapon.- of suitable tion posts. Reconnaissance detachments
size, it Is quite conceivable that attacking probe to the front to maintain contact with
units will not themselves become heavily the covering force, locate possible atomic
engaged. Rather they will locate and deter targets, and thus extend the security to the
mine the extent of enemy dispositions, than front. These forces have the mission of
annihilate or neutralize him with atomic warning of enemy approach, covering the
fires, withdrawal of the corps covering force, and

Another variation of the division attacs Is screening the main battle area by delaying,
a mechanized envelopment (figure 4). This deceiving. and disorganising the enemy. This
maneuver consists of a rapid exploitation of mission emphasizes locatin:g suitable atomic
atomic fires by mechanized elements of the targets.
division to seize the division objective. The In our concept of the mobile defense, the
division may employ this form of attack in commander employee the minimum forces
situations where initial enemy resistance to occupy forward defensive positions. The
can be neutralized by atomic weapons em- mission of the forces employed in the for-
ployed in conjunction with secondary attacks. ward defensive area is to warn of impending
Other factors favoring this maneuver are attack, canalize the enemy intoterrain favor.
relatively weak or over-extended enemy able for the defender, and block or impede
defenses, and terrain which Is suitable for the attacking force. Note that the two forward
mechanized ope-ations. Fur his secondary battle groups are disposed in a series of
attacks on initial objectives, the commanier orgautaed positions extending across the
will employ minimum forces on foot in con- forward defensive area. These organised
junction with Iisw-)-leld atomic strikes. In positions are of varied size and the forces
this exanmple, ymrhaps a single Battle Group occupying them are prepared for all-round
reinforcement of tanks, engineers and ar- defense. Coupled with these positions, a
tillery would be allocated to the secondary series of observation posts is also employed
attack. For his main attack, the commander across the forward area. To provide depth,
may employ a task force under command of additional blocking and switch positions are
the assistant division commander. Typically, prepared in resr of the forward pouitions
this task force would be built around a in accordance with the division comr-
strong infantry nucleus--one or more battle mander's overall defensive plan. When the
groups--mounted in APC's and heavily rein- forward positions come under attack, the
'orced with tanks, reconnaissance units, division commander may authorise certain
engineers, and artillery, together with on- units to withdraw immediately to occupy
:all atomic weapons. Additional recounais. switch or blocking positions while other
sauce elements will usually be assigned the units may be ordered to hold.
mission of protecting one or both flanks In the mobile defense, principal reliance
of the task force. Note also that a small is placed on bold and vigorous offensive
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action to destroy the enemy in the selected 2. Mobility.--You should be impressed
tactical locality most favorable to the de- by the mobile tactics that the new divisions
fender, Thus toe commander in this example will employ. To achieve the requisite mo.
has retained the major portion of his combat bility every effort must be made to make
power In dispersed areas well in rear cf the individual equipment as light, as compact.
forward defensive positions. Ihis force con- and as convenient as possible. Although
sists of the divisional tank battalion and there is a comparatively greater degree of
three battle groups, one of which i.s mounted mechanization, the foot elements of ROCID
in APC's. These elements constitute the and ROTAD are ever preseni. They should
fitriking force whose mission Is to destroy not be dependent upon vehicles to discharge
the enemy force at a time and place of the their missions, and as a consequance their
commander's choosing. All or part of the weapons and equipment must be capable of
striking force may be employed offensively, being broken down to man-portable loads.
as required by the situation. In some cases For example, a great advantage ofthe 106mm
a part of the force may occupy blocking recoilless rifle over its predecessor the
positions while the remainder executes the 105mm RR Is that it may be dismounted
counterattack. In any case, plans for em- from its jeep-type weapons carrier and man
ployment of the striking force will inclade transported in several loads when required.
maximum support by atomic and other fires. The 10rimm RR was only as mobile as its
As in the attacK, the division commander weapons carrier.
may employ his assistant division corn- 3. Dispersion.--Wider frontages and
mander to command either the striking force greater depths, on a battlefield threatened by
or the forces in the forward defensive area. hostile employment of atomic weapons, dic-
ROTAD tate that combat units achieve greater dis-

persion. Often there will be gaps between
Many of the tactics I have described are front line combat elements which will be

applicable not only to the ROCID Division covered by reconnaissance, by fire, or both.
but to our new Reorganization of the Air- Under such conditions maintenance andother
borne Division (ROTAD) shown in figure 6. required support from the rear will be
Howeer, the latter is more often employed difficult. Again, as far as individual and
in an airhead type of operation where all organizational equipment are concerned.
arc'nd protection is required. As a conse- simplicity of operation and maintenance be-
quence, each of the airborne division's battle comes extremely important. Whenever pos-
groups contains five Infantry companies sible, repairs toorganizationalandIndividual
rather than four. equipment should be accomplished on a unit

A glance at figure 6 will convey the exchange basis as opposed to minute indi-
similarity between ROCID and the new air- vidual spare parts which require unit break-
born- division. For your purposes it would down and reassembly.
be well to note that this division is 100% 4. Control and Communications.--The new
air-transportable and its personnel are organizations and the tactics they employ
trained parachutists. There are differences place a premium on communications and
in the logistical support structure, the air- control. Although wire will be used where'
borne division has a support commandet with possible, great reliance must be placed on
subordinate functional elements. The support radio. With radio, communications security,
command is responsible for all logistics adequate readability, and sufficient power
support in an airborne airhead. The re- sources are always problems. Of course
connaissance element is smaller and lighter armored vehicles provide excellent power
and the artillery of the division does not sources for radio equipment, however,
have the relatively heave 8" howitzers, portable radio equipment for foot elements

must include the power source--batteries.
mp!loyment Principles: Operators of portable radios should be able

. Firepower.- -From the description of to operate them with their hands unen-
these organizations and their methods of cumbered, particularly so they may use their
iuing business it should be obviozs that personal weapons.
greater reliance Is placed on firepowe-- 5. Vulnerability to Detection.- -Another
both conventional and atomic--than ever be- employment principle that may be inferred
fore. Delivery systems designed to apply from the discsslon of organization tactics I
this firepower from the small arms to the shall call vulnerability to detection. In the
guided missile must be rugged and rels- past, we have given a degree of lip service
tively simple to- operate. They will be sub- to camouflage and concealment, but some
Jected not only to the rigors ofsro g nd combat commanders took the problem lightly. On the
of the past but also to the threat of--or atomic battlefield, however, such passive
actual effects of--enemy atomic weapons, measures may be the most effective defense
(In this regard, a convenient eye shield to against hostile atomic weapons. All Army
prevent flash blindness is an example of a forces must therefore be provided with op-
rather obvious requirement.) timum equipment to accomplish the task and
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be trained and indoctrinated in its use. The Again it may be seen that simplicity and
problem, of course, is even more compli- con.venience are absolutely required.
cated when the mobile tactics of the new
organizations arp considered. Perhaps in CONCLUSION
your work you can help us find answers.

6. Serviceability.- -It goes without sa-ring
that materiel for these units mustbe service- I have described our new organizations
able. I believe that in discussing the other and some of their tactics. Modern tactics
employmeL pidlrclplcs I have stressed the could well be described by one word-.
point sufficiently, mobility. I have briefly discussed what I

7. Staying Pcwer.--The new infantry and choose to call employment principles to
armored divisions are designed for sus - include: firepower, mobility, dispersion, con-
tained operations; they have the requisite trol and communications, vulnerability to
staying pnwer for such operations. Sus- detection, serviceability, and staying power.
tAlned operations infer replacement not only I hope that I have stimulated your thinking
of matertel but also personnel. Replacement and provided a platform for Col Fossum to
personnel must be trained in the SOPs and discuss the impact of these new tactics
techniques of the unit. This may well have a and organizations on materiel objectives.
decided impact on our materiel designs. Thank you.

IMPACT OF NEW TACTICAL CONCEPTS ON MATERIEL OBJECTIVES

Lt. Col. E. A. Fossum, Hq., USCONARC

Gentlemen: out going beyond the physical capability of the
crew to transport the weapon and its am-

Col Middleworth has told you how our munition. And if you make it big and heavy
new tactical concepts and organizations are enough to require vehicular transport, you
based upon certain employment principles. may have increased the destructive capacity
I will now attempt to describe, in a rather of your weapon, but you probably won't be
general sense, the impact of some of these able to put the fire down on the place you
principles on our objectives in the develop- want it.
ment of new mat-riel, and some of the human Let's look at ranges for a moment. Exift-
factors which are involved. Ing machine guns have effective ranges up

First, it has been saWd that we will place to about 2000 yards. If you increase this
greater reliance on firepower. That means range, you will have to make a bigger and
that existing weapons must be replaced with heavier cartridge to hold more propellant,
new weapons which will give us greater and a heavier weapon to withstand the in-
lethality, longer effective ranges and faster creased pressures. And since exiatingweap-
rates of fire. In other ";'-Is, we must be nre are effective about as far as a mz..
able to distribute more destructive energy can see and tight on his target, any increase
over a wider area in a given period of time in range will probably impose a need for
than at present. Unquestionably this can be additional sighting and target acquisition
done but there are many limiting and re- devices. And now we are back on the same
sti ve factors which stand in the way of old side of the same old circle. Additional
thi developmental objective, and one of the equipment means more weight, and more
most important of these is the human factor, weight means less flexibility of employment

Let's consider some of these limiting fac- of the weapon.
tors in regard to one of oxr more common Now consider rates of fire. If you want &he
and simpler weapons, the machine gun, bullets to come out of a machine gun faster
which is f.amiliar to all of us. than they do at present, you must increase

Existing American machine guns are anti- its stability. Othurwise the bullets will spray
personnel weapons, firing a .30 caliber or all over, particularly up in the air, rather
7.6Zmm bullet, which has plenty of punch than on the intended target. Increased sta.
to knock out an unprotected man. But if the bility means Increased weight, particularly
man is in an armored carrier or a concrete in the mount. And as I have said a couple of
pill box, or even in a foxhole, he doesn't times already, the heavier the weapon, thu
have to worry much about the terminal more difficult it is to get it to the proper
destructive effects of that .30 caliber slug. implacement; and in this instance, increased
The destructive power of this bullet could rate of fire isn't worth much anyway. Present
of course be beefed up, primarily by in- machine guns fire faster than a gunner can
creasing the weight and size of the ammuni- shift from one target to another, andthereisn't
tion and proportionately increasing the weight much pay-off in shooting faster at a single
and size of the weapon. Butyou can'tintrease target, because thatis justpumpingmorebul-

W the weight or bulk of either very much with- lets into a target that's already destroyed.
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So. while we need more effective fire- tenance. No .ouger "a we be assured that
power, it must be provided without increas- there will be fully equipped maintenance
ing the burden on the ind

4
vidual soldier in outfits with trained mechanics and tcchrn-

the case of infantry weapons, and without clans and large stocks of spare parts right
substantial increase in the overall logintical behind the combat wnits, pepared to keep
burdens in the case of large supportinto the fighting g&ar in operating condition. The
weapons. maintenance support units are going to be,

This leads into consideration of nm.obility. out of reach when the going gets toughest.
another of the employment principles. The combat equipment must be simple and

Elements of our new Army must be shifted rugged, and maintenance when it is needed
rapidly over comparatively gre~it distances most will frequently be limited to the in-
for two basic reasons. One, in order to mediate action and on-the-spot first echelon
concentrate our offens*ve power to exploit work that can be performed by the combat
the effects of modern weapons. And secondly, soldier on the battle position. The equipment
there will be times when they must be must' be rugged and without complex frills
shifted quickly out of potential target areas. and gadgets to start with. And major re-

All of this means that our soldiers must pairs will probably have to be accumplished
be ready at all times to load up and move by simply replacing the broken avid damaged
out on any and all means of transport-- part with a new assemblage which can be
armored carriers, trucks, airplanes, and quickly snapped, bolted, or screwed into
helicopters. They must be able to unload place.
rer-v to fight, or possibly already fighting. None of these things rhave mentioned are
This requirement for loading, riding, and new. We have always been striving for in-
unloading from the confining space of any creased firepower, reduction in weight and
type of transport- -ground or air--has a bulk of equipment, simplicity in operation,
strong impact on our objectives in develhp- and ease of maintervence. 'tou can examine
Ing all types of individual weapons and the military characteristics for most- any
equipment. Any of you who have ever wit- type of equipment--from a guided missile
nessed American soldiers, under the stress to a hand grenade--and you will find that
of combat, stumbling about with full field these are features which we as users have
packs on their backs and tripping over M-1 always asked for. The impact of our new
rifles and BAR's while they attempt to de- tactical concepts am these developmental
bark from the comparatively roomy 2 1/2-ton objecti*.ves intensifies this need.
truck, can well imagine the confusion which We have always wanted more flrepow.er.
would exist at a similar debarkation from a Now with wider frontages and tnoccupied
more confining armored personnel carrier gaps in the battle position, we must have
or helicopter. This concept of frequently or more effective weapons.
habitually transporting troops overthe battle- Since Caesar's leglon- stormed across
field in ground or air carriers makes it Gaul, the soldier's load has been too big and
imperative that we materially reduce the heavy. But now that he muot be transported
weight and bulk of all individual equipment in confining carriers, as well as move faster
and hand-carried weapons. When the soldier than ever before when an foot, the load must
had plenty of unoccupied space around him. be reduced.
weight was the most important factor in this Breakdown of equipment duringtheconduct
type of. materiel. But now overall bulk and of a battle is obviously undesirable. Without
compactness have become increasingly in- close and constant maintenance support It
portant. becomes intolerable.

However, don't take what has just been Our new tactics haven't changed our, de-
said to mean that weight loses its impor- velopmental objectives. They merely make
tance. True battlefield mobility is not the attainment of these objectiver. more
achieved solely by putting wheels and tracks important than ever before, Aifting them, out
under the troops or wings and rotor blades of the category of being desired and making
over them. The soldier will still be called them imperative.
upon to move and fight on foot, and his As in the "Old Army." man is still the
personal load mu:ti be reduced to where he basic component part of the *'Army of the
can expend more of als energy on the fighting Future."
Job and less on merely packing around his Men will continue to impla ;e our weapons
personal accoutrements, and other equipment. drivin& it in carriers

Dispersion is another of the employment and aircraft to the proper place of employ-
principles which have a decided impact on ment in some cases, and packing it on their
our materiel development objectives. A bat- backs in others.
tlefield of wide frontages and great depth Men will continue to operate the weapons
with many unoccupied gaps and pockets and equipment, even though some of the
means that even greater effort must be made "trigger fingers" may be replaced with a
to develop materiel which is characterized push button type.
by simplicity of operation and ease of main- Above eol, as we rely more upon com-
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plicated r.nech!nieal and electronic equipment, more strongly than ever that military mate-
we must remember that n-en .rill he required riel must be designed to fit the capabilities,
to keep it opeaat!ng on the battlefield. both physical and mental, of the menwho.,ill

Our new tactical concepts merely point up wear the uniform of the United States Army.

US ,RMY ARMOR BOARD PRESENTATION

Capt. aohn 1. Sullivan, Arm Bd., Ft. Knox, Ky.

In an opening address delivered by Dr. A thought on aim number Z,the division
Rollefson at the 1956 Human Factors En- of work between man and machine. to offered
ginerting Conference, he described4 the aima with the knowledge that more work by men
of your work as three, in your field is necessary. Let's look at a

i. To Insure that the man and machine simple tank fire control system, consisting
are compati'Ae. primarily of a coaxtally mounted telescope.

2. To Insure that there Is a proper The tank commander estimates the range
division of work between the man and the to the target, gives a fire command to the
machine. gunner. and the gunner takes over. He fires

3. To obtain optimum efficiency and his first roend; let's say it is a miss. Then
capability of the combination man and ma- he uses the "burst-on-target" method of
chine. adjustment, the gunner moving the strike so

These three aims can be considered as that the second round would be more likely
they pertain to tank developmen, and tanks to be a hit. In this adjustmentthe gunnor notes
in existenc. today. At the Armor Board the an his sight reticle the point at which the
tests conducted usually apply in some way tracer passed the target, and moves this
to eani number one; are the man and machine portion of bis reticle to the target cen-
compatible? We come up with such things as tar.
(quoting from recent tests): "the driver's What we have on our tanks today to as
knee strikes the odometer when he applies attempt to increase the probability of a hit
the brakes suddenly"; or. "when the gunner with the first round. Recall, In the instance
tries to elevate manually he hitshis knuckles mentioned, we said we probably hbd a hit
on the (you tame It)"; or. "insufficient on the second round. By studying the ability
room is available for a mechanic to perform of human beings to estimate range, it has
his tasks." These are examples of user been discovered that there Is a certainexperience which can be used by the tech- average error. If we eliminate this error
nical services to Improve equipment design, we Increase our probability of a first round
and consider the influence of the human fac- hit by so much. For this we added a range-
tor on this equipment. finder to our tanks. Thus on an M48 tank.

The tank we have and its ability to fight the ramge-flnder. periscope, gun. and com-
is a combination of man, machine, and puter are connected together by mechanical
training. It is hard to draw the line wheoe linkages. Our tank commander uses the
one stops and the other takes over. They range-finder to range on the target; auto-
AVe Interwoven. At Fort Knox the mission matically range data are fed Into the comr-
of the US Army Armor Human Rtesearch puter. which considers the ammunition and
Unit, working under CONARC headquarters moves the periscope line of sight by the
and George Washington University, is todis- proper amount of superelevatlon (theeleva-
cover the best way tn train our tankers on tion required to reach the round to the
the equ'no-•ent we have today. They not only target), so that as the gunner lays his cross
want to train them to learn how to use it on the target the gun is elevated for that
but they want thern to retatit. wha.at they learn. range. We have eliminated the human rV-
As a result of their work they come up with quirement to estimate range and substituted
many suggestions which point to the design tb* human requirement to use the range-
of materiel as being one of the factors finder.
contributing highly to the problem oftranini However. experience has shown that some
our men to use the equipment available, of the men in our tank crews can't use the
Right now they are Interested, among other stereoscopic range finder; for those who
things. In track maintenance of our tanks. can. the problem of traininp and maintaining
How do we teach a man to maintain his a proper level of proficiency is a majorL
track? What type of Inspection is used; ene. Today, development is therefore pointed
how frequent is the inspection; what results to a fll-field, superimposed, coincidence
do we get? Areweperhapsover-maintaining? type of range finder; and it is expected that
Their work It directed closely to aim num- such equipment will better fit the man.
ber 3--obtaining the optimum rf efficiency To get a still higher theoretical probabil-
and capability in the combination man and Ity of a first round hit, it was found necessary
machine, to include such items as drift correctors,
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coat correctors. And so forth. In fact, there aim A little high. Today. -with too manyitema
to presently tinder development anelectronic utilizing in the fire control system to place
computer which baa the capability of car- the shot Into the target, and with possible

rocting for such additional factors as wind, variations in the information fed by these
gun droop, verti .d and horizontal jump. and Items, the gun might conceivably fire low
geometrical piarailax. It must be admitted that now and high one hour later. The human
if we are to get a high probability of first elpementbeing reduced, hio ahiuitito corrict
round hit, th~is may be the only way to uo It; La r.q r &ue.
to reduce our known errors, some uf waiich Beiore leaving the subject of fire control,
are human. But, the question is raised: by a single, simple example of how user ex-
. 4ding all this gadgetry, what have we done perience Influences the design of equipment
Ito the human being in that tank who io trying shoul4 be cited. The coaxial telescope over
to use all of this. Today, when a sold~er en- the years has bad one major drawback. The
ters a tank, the fRest reaction is one of eyepiece 'stoves vertically with elevation and
a~mazement at the amount and complexity depre.. ..0n of the main armament, forcing
r! the equipmont. The trananmis~ion of data the guitner to crouch way down in his most
to done electrically in some tanks, requirinq at max'mum elevation and stretch or actually
all aorta of electronic units; in some tanks, ral %e himself off the seat at full depression -
cane correctors must be leveled by hand; and the arc of travel kept getting longer as
other cant correctors now corn'ng out will guns got bigger. The solution to this problem
be automatic, was quite simple. The telescope was ar-

Don't misunderstand. The Armor board ticulated so OWta large movements of the
to not against automation. If we could push forepart at the telescope tube produced only
a button and thereby destroy an enemy tank a small movement of the eyepiece. The
we wouild be all for It. However, there is TIUZ telescope mounted In the, T431CZ
"evridce, that our soldiero today are notusi,. *tank is of this type. Other developmertal
this costly equipment prop.erty. and, In some tanks will have similar coaxial Wee-
cases, not at all, Io it the men? The equip- il~opes.
mint? The tralnin3? Studiss such as yours tn the calse of the general purpose whoolad
should assist in pointing to areas most in vehicles considerable progress has been
need of improvement, madet In a general way in the matters of

Slomne refinements added in an~ attempt to Instrument desiga mand location for easy
satisfy user requirements may Introduce reading, lessoning the number ofinstruments
additional errors. One examnple of this to. In which need be read. etc., and in the im.
fire contral linkagies it has been found that proved design and location of controls. The
temperature chang*s, caused even by the greatpat problem however, yet confronts us.
crew turning on the heater in the tank, are That problem concerns the ride quality for
enough to move the line of sight -it the the operator, &ad Its most difficult aspect
periscope. As a result a temperature com- concerns the vibration to which the operator
pensated linkage has been developed. Also, is subjected. Such vibration can be detri-
In the IO-mm gun, tinder certatin firingcon- mer~ts to health, it obvious~ly fatiguing, and
ditions the obscuration of the target (the Impairs safety by making machine control
inabIlty to observe the tracer due to smoke, more difficult. At the prevent time we find
dust, or blast) prevents application of burst. In many types af off-road operations that
ori-tirget Adjustmient. This. lIn Werft, vnal-P the top limit to speed of movement is not
each round a first round. If you. have fired dictated by the capabilities nor ruggedness
a carbine you recall that at one time there of the machine, but rather by the abuse
were two range settings on the rear Pight. to which the driver is subject by vibration
Sume firing coursess required firin3 at thrre with Its attendant lose of machine control
different ranges*. In order to hit the h.,iispye by the operator.,
the individual had to adjust his sight picture; The Armor Board is currientlytestingmusue
he either took a litle hiack or allowed a rantion type seats for uselilawkwelouivehicles.
little white. He was adjusting to fit the firting or ce tain applicationst the seats appear
eharacteristics of his gun and fire control promls Ing, hut the usei of such seats crpeatesi
system. on tanks, gunners can do the same,. a new problemi Sthe perfect suspension seat
They can adjust to such things as the AP would completely isolate the operator from
hitting low and right and the HE going high his inachinet the operator would travel in
and to the left, The gunner knows the first pure, uniform. esse-directional translation
round of the day is going to be a wild one, subjected to ao lateral or elevating die-
so gets It off quickly and out of the way, placements whatsoever, regardless of what
But when we add our refinements we have vibrational gymnastics the vehicle atight
eliminated much of the human element and be undergoing at the time. Such a seat
we have also decreased the capability of the would unquestionably eliminate those phy-
human being to Influence the projectile siological impairments or injuries which
strike. In the simple system, if the gun are caused by vibration, hut the probilem
were hitting a little low, the gunner would of control would still remelis If the controls
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modern let airplane van change this safe to consider the environment In which the
speed by as mu~ch as 30-40 knots between system will operate can be and usually are
the conditions of full fvel lo;-A and low fuel discovered during user test. Correction of
load. The pilot is required to note his fuel these deficiencies at so Ilte a stage in the
status and mentally comptite what his ap- development cycle t- costly, time consuming,
proach and landing speed should be. Now i' and often results in Interaction with other
for any reason the pilot is unable to land design features, thus setting off a form of
and has to go around for a decond attempt, chain reaction. The primary effect is usually
the high fuel consumuption may lead to a first noticed in a new or replacement type of
different approach speed being required for equipment of similar design. The Aviation
his next approach. rurthermore. this addi. Board contributes to this effect by Including
tional mental stress i.4 occurring at a critical those desirable characteristics of human
period of the flight when many other opera- engineering nature in new military charac-
tionb. such as activation of landing gear, teristics as they are prepared. These char-
spccd brz'-es, flaps, power adjustments. etc.. acteristics, however, are subject to various
must he remembered in a designated se,- Interpretations throughout the development
quence and withtn a very short period of cycle and require close coordination of user
time. T- r0-1-.. the. pilnt af thls additional agencies with all development agencies con-
mental manipulation during a critical period. corned. This is necessary to provide for the
an angle of attack indicator has been Installed correct interpretation of the military charac -
on some of the new airplanes. When used terirtics and to Insure that lessons learned
properly this item deletes the requirement previously do not go unheeded. As the do-
to remember and compute approach speeds. s'elopment Item goes through the mockup

What are the criteria by which we judge and prototype stages, user personnel must
or rite human factors enginee ring conside ra - stay alert to point out those features which
lions ? Recently I heasrd stated eight specific will adversely affect the system when oper-
objectives In the design of man-machine *ys- ated under Voeld conditions. The fact must
tcn's. These were: be kept conitantly In tutu.). 1144l die equip-

1. Speed otnd/or qu~antity output. ment must be designed for operation under
Z. Quality of o.,tput. field conditions where the operating environ-
3. ReliabIlItt and maintainability. ment is somewhat less than ideal and op-
4. Minimum personnel sub-system do- portunity faa Input of human error increases

mends. rapidly with complexity sa'd stress level
S. Performance under strcss, imposed by conditions.
6. Safety and Habitability. As an example, In the field of aIrcraft
7. User acceptance. controls there are at least six t"ae of
S. Adaptability to future Improvements, error which have a high rats, of occurrence.

These are In fact the pay-off criteria In and each is affected by environment and
design. They tend also to describe the status of operation. These errors are:- sub-
various subsections of our military charac- stitoting one control for another; adjusting
toristics. the control Improperly; forgetting toactivate

User tests are conducted hy- the USCONARC the control; moving the control in the wrong
Boards for the purpose of determining the direction; unintentionally activating the con-
adequacy and suitability of the Item when trol; and not being able to reach the control.
operated under field conditions and as re- These errors have been known for sometime
flected In the military characteristics. From and much has already been accomplished to
this we might Infer that user testing is di- alleviate these .rror..sources by standard
reeted toward determination ot the adequacy color and shape coding, specifying standard
and suitability of the human engineeri ng sizss and location of the controls, and
practices Involved, and to a large extent specifying a standard direction of move-
this is true. Any user test that does not mcnt of the control. These specifications
include consideration of compatibility be- and standards are kept up to date by a joint
tween the operator and the machine may be Army. Navy. Air Force panel, and much
considered incomplete and Invalid. However prog-ess can be noticed in the newer air-
the degree of success achieved by human en- craft with regard to compliance with the
glistering must be evaluated not only In terms standards. The user, however, must remain
of such direct measures of man-machine alert to the possibility of error sources
performance as efficiency, operability and overlooked during development.
reliability, but also by reference to: the As a further *%a..nple, we can look at the
training and man-power requirements tin- problem of aircraft Instruments. At present
posed by new equipment; the possibility of a sizable portion of the Board's effort is
providing adequate safety and habitability; directed toward the test and determination
and the feasibillity of supporting and main- of the most suitable available instrument
tat Ing such equipment In the fteld. prestentation and display. in the past, four

Deficiencies in design caused by either types of Instrument design have been found
failure to consider the man and/or failure to contribute to the largest percentage of
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errors. Thest include: multi-revolution in- the flight and engine instruments appeared
struments, in wvhic,. the primary indicator sarilefactory when operating from large open
ma:es more than one revolution of the dial; areas with e3rternal loads. However, whentak-
two or mo-e pointers on the same instru- ing the same load out of a confined area and
ment; certain designs which aggravate the over obstacles, the division of attention
pnosihility rf reversal of reading; andinstru- between outside the cockpit and the engine
ments requiring the viewer to exercise a instruments inside the cockpit was too de-
memory function. We would, of course, like manding on the pilot to allow safe efficient
to havc a .ystrs.i siiatdil nut require memory, operations. Accordingly a completely new
transition of thought, or interpretation, thus arrangement of instruments has been rec-
deleting the sources of error. In the absence ommended. In another case pilots found
of such x system at present, weare consider- that after several hours of flying at night.
Ing Instruments whklh uperate ina "natural" excessive eye strain was encountered and
manner, so as to minimize transition and the instruments appeared to blur and dis-
Interpretation and thereby reeuce the de- place, creating vertigo or disorientation of
mands on the pilot. the pilot. The primary cause of tais phe-

In order to consider the influence of nomenon was traced to the cockpit and
user experience as it concerns the Army instrument lighting. The results of this test
Aviation Board, let's take a closer look at brought about a satisfactory lighting system
the manner in which the user evaluates and in future models.
influences human factors in equipment de- Another phase of test is designated the
sign. transition training phase, and is conducted

When an item *a received for test, it is for both aviators and mechanicstodetermine
examined and checked in detail, and it short the relative complexity of the item when
period Is spent becoming familiar with the considered In conjunction with the human
operating procedures and gainingproficlenc) element. Other aspects of a human engi-
In the use of the equipment. Invariably neering nature are considered to determine
deficient design features are discovered even what level of training the man will require
at this early stage and, If of a major nature, to more efficiently operate the overall sys-
im'nediately "fedback" into the development tem. Throughout all phases of these and
system Lv means of the unsatisfactory equip, other tests, the maintainability and relia-
ment report and/or consultation with the bility of the system is subjected to repeated
manufacturer. At the end of this period, review and testing. In order to adequately
when the project officer Is thoroughly famil- cover each of the eight objectives delineated
iar with the item, the actual field testing earlier, approximately 300 flight test hours
is started. Flight tests are conducted under are accumulated on the equipment, in addi-
day, night, and instrument conditions to tion, maintenance time of from I to IZ hours
determine the performance quality. raeio- per flight hour is required, depending upon
bility, maintainability, safety and habitability. the individual design and towhat extenthuman
Consideration is given to growth potential engineering factors have been considered by
if applicable. If the item tested is an air- the designer.
'zr'ft, it will be operated from the area - No Immediate or apparont results are
and under the various load and weight con- noticed in most cases. However, the influence
ditions expected under actual operating con- is felt in the education and tlinking of re-
ditions. Long hn-i.r in the sir may indicate search and development -Arsonnel, and even-
that a pilot fatigue problem exists. This tually brings about a chtnge in the unsatis-
could be the result of poor seat design, factory feature. Through the years certain
instrument a.rangement, cockpit lighting, items or design features have been deter-
control locations or any combination of mined to be desirable and others to be
these or other things. Recent tests coraucted undetik able. For Instance one airplane pro.
on one helicopter design showved that the cured for the Army was provided with the
pilot's and copilot's seat design in this pilot's seat adjustable fore and aft but
aircraft was unsatisfactory for one par- sliding on an inclined plane. As the seat
ticular regime of flight: the location of the moves forward it also rises. On the surface
control sticks prevent the pilot from taking this appeared to be a gpod feature. In actual
advantage of the support provided by the seat use it became apparent that the design was
back while he Is manipulating the controls, undesirable. The short aviator found himself
A change has been recommended to correct in an unnatural and uncomfortable pusition
this situation. At times the standard in- which made it difficult to use the rudder
strument or controlarrangementmayreq.Lire pedals without activating the brakes. As a
changes in order to meet all the operating result of this, two-way adjustable seats
conditions. Thus the Ideal design may have are now specified in most of the -%ewer
to be compromised. As a result of testing military characteristics for aircraft.
under the operating conditions expected for Airborne communication equipment has
the aircraft, such condition was found to been changed considerably also as a result
exist with this same rellcopter. Location of of user experience. Three or four years
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ago, all Army airplanes were equipped with was originally thought that a helicopter
separate headsets and microphones. Through pilot would have his hands too busy to acti-
user test it was determined that safer and vate an eme;'gency external load release
more efficient operation was )'tained when manually. Therefore Jn initial designs, •the
the microphone button was i-cated on the release vas placed on the cockpit floor
throttle or control stick and tised in con- where !- %;ould be foot operated. Experience
junction with a combination headret and later proved this reasoning erroneola. We
microphone. This leaves the piiot% haan4a are now including in the new helicopter
free to handle the controls. This was rec- military characteristics a stipulation that
ommended and at present the headset with the emergency manual release be handoper-
microphone attached is becoming standard ated.
in all Army aircraft. In other respects wehave failedtoconsider

The most marked irdication of the in- the complete man-machine system !n suffi-
fluence exerted by the ýser is in the main- cient detail to determine all the necessary
tenance field, however. 2peration in the field features prior to test. Apparently not much
has indicated a neces ity for rapid disas- thought was given to the static electrical
sembly and assembly for inspection and potential of a helicopter as long as it was
repair services. Previously this meantmany in the air. It was only by user experience
hours of laborintis din;connecting and con- that we found a problem does exist. When
necting fittings. Due to requirements levied picking up external loadr. a ground crewman
by the user, quick di'iconnects have been is presently required to manually prepare
designed and are being employed for every- and hook up the load. In doing so he estab-
thing from fuel and hydraitlic lines t-control lishes a ground contact. Sufficient electrical
cables. These features are usually implied potential to knock this man down has been
in the military characteristics and specified encountered in several instances. A solution
in type specifications. fkr this pr•,blem Is precent!y bein.: in-e:-

Another point of emphasis from the users tigAtod and If successful, will be retrofitted to
viewpoint is that of giving due consideration existing helicopters and included on all new
to "Murphy's Law." Paraphrased, this law ones procured.
states that if an item can be assembled I think )rou can see that in considering

K• ,.or a job can be accomplishedtin a manner the pilot as merely the control in the man-
other than correctly, it will be. This one machine uystem, everythirt possible nrst be
thing alone is the clue to many fatal aircraft done to provide this control with accurate
accidents, data, simply displayed without need for In-

The•e is a case on record which indicates terpretation, if efficient operations are to
that a pilot entered the traffic patternand put be accomplished. If through lack of consid-
his landing gear control in the down position. eration of the human element the control is
To his consternation, the landing gear failed ovir-loaded. receives erroneous informa-
to extend and upon checking his instruments tion, or is unable to activate the necessary
he found that his flaps indicated down. By sub-systems, the entire system falls either
experimenting he discovered that his flap wholly or in part in its capability to perform
control actually controlled his landing post the mission.
tion. After determining the situation the pilot In summary let me emphasize the point that
extended his fear zaid executed a safe and- user testing by the U.S. ArmyAviation Board
ing. The mechanic hod to force the connec- can be considered to a large extent a test of
tions, but he had managed .0 connect the the degree of human engineering designed In-
fh.p hydraulic lines to the gear and the gear to the equipment. Thus, the military char-
lines to the flaps. It sounds inconeurous but acteristics, many of the unsatisfactory
I can assure you it did happen. We recoe- equipment reports, and the recommendations
mend that the -Rgo, no-go" principle he pro.ided to HQ US CONARC by this Board
applied wherever possible as a direct result will exert a high degree of influence on
of such incidents, equipment design through user experience.

In all instances the safety aspects of
human engineering must be considered. It
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V. TECHNICAL SERVICE PRESENTATIONS TO THE CONFERENCE
1. MANUAL PERFORMANCE IN THE COLD

Dr. E. Ralph Dusek, CHef, Psychology Branch,
Environmental Protection Research Division, QM R&E Center

A soldier's hands are indispensable for the and digital skin temperature decreased
carrying out of his wiany military dutie,. systematically with increased windchill.
Mu•,ovcr in modern armies the demands Furthermore, performance tin.e on ite man-
made on the ha; ds have increased tremen- ual task was essentially a linear increasing
dously as a result of increased complexity function of windchill over the range studied.
of equipment, as well as a result of the Using performance of the control groups as
greater range of environments !*n i:ýkth a reference, the approximate loss of per-
armies must be prepared to fight. To meet formance for the low and high windchill
these ircreased demands particular atten- groups (800 and ZZOO KgCal/m¶/hr) was
tion must br given to the effects of cold 12 and 32 percent. respectively.
environments on manual performance. Correlations between mean skin temper-

Previous experimenters and observers ature and performance time were negligible
have repeatedly emphasized that exposure as were those between digital skin tem-
of the hands to culd temperatures reduces perature and performance time. However,
the level of manual performance; however, the results show that windchilr has a sys-
in general the repi..ts are based on per- tematic effect on both mean skin temper-
formance of very complex unstandardized ature and digital skin temperature. The
tasks under highly variable ambient tern- relationship between these two dependent
p.rature conditions. In addition, finger skin variables and performance is not clear,
temperatures and performance were never although it appeared that neither was highly
recorded simultaneously and related to one related to performance.
another. Thus, reduced hand efficiency may Since the above experiment did not re-
or may not be strongly related to coldhands. quire fine finger manipulation, another study
To correct these ii,adequacies, a series of was performed to relate this aspect of man-
studies have been conducted in an attempt ual performance to lowered skin and ambient
to relate different performance factors or temperatures. Eighteen subjects servedunder
dexterities to finger skin temperature. and each of four different ambient temperature
to physical variables such as ambient tem- conditions (350, 450, 550 and 750F). They
perature, windchill. and handwear design. wore the Army wet-cold uniform except
Tht information derived from these studies for having their hands bare. During the
s'poulo have practical value for designers experiment the subjects' hands cooled for
of handwear and nranially operated equip- thirty minutes following which they per.
ment. formed on three tests known to measure

An initial study warn conducted to evaluate at least two different hand performance
the effects of air tempperature, windchill, factors, fine finger dexterity and gross hand
and physical exercise on body and skin dexterity. Finger skin temperatures were
temperatures and on hand performance. A recorded continuously.
total of 580 soldiers were exposed to 12 The results showed a systematic deteri-
different conditions involving two temper- oration in performance on each test as
atures (-150 and -350 F) combined with ambient temperatur, decreased. Moreover
fi've wind speeds (5, 10, 15, 20 and 30 there was a systematic increase in the
mph). Two control groups were exposed variability of the scores on all tests as
to 60°F with 5 mph wind while dressed in ambient temperature decreased. The amount
shorts and fatigue uniforms respectively. of impairment relative to performance at
The men in the experimental groups wore 750 F varied among the tea.s, suggesting
the Army arctic uniform. The experimental that the cold was affecting the factors meaa-
procedure consisted of Z5 minuttes of cooling ured by the tests in different ways. Thus
followed by 15 trials on a hand performance the greatest impairment appeared on the
test, then 10 minutes of sitting followed by test involving fine finger dexterity and the
three minutes of running in place (exercise) least on the test measuring gross hand
and five more trials on the test. Groups dexterity. For the 350 F condition the im.
exposed to the lower temperature 1-35OF) pairment wan approximately 45 and ZO per.
took consistently longer to perform the cent, respectively. Thus in the first study
tasks than groups exposed to -150 F. Body discussed the estimated loss in manual
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performance as a function of vwindchill is shorts performed Ill Acontrlled ternlerature
conservative since the test used was weighte~d roem maintained at 45" F. The experimoental
fur gross hand dexterity. A further break- group kept their hands in a warming boawith
down of the $4- finger dexterity test rc. a tempera~ture! between 900 and VIQO F in
vealed that the tasks requiring the use of order to keep the finger skin temnperature
both hands were affected most and that left above 800 F. The subjeci performeri 'n euter-
hand was affected more than right hand ingtero dotwuhqunocsis
performance. whn the mean body skin teý.*cpratu re dropped

In order to evaluate the relationship be- to 820 F., and to 790 F. The contro! group
tween performance on a test and index finger placed their hands In the box whlcii was at
temperature, correlations were calculated the room temperatuare (450 F). Th, temper-
between these measures, but none were ature of the fifth d~git of the left haind was
significant. monitored and the tests were administered

.In both of the previous studies manual when the subject entered :he room, and
perforrmvnce and finger skin temnperature agadin whten fjl' ertip tem~perature dropped
were dependent variables and thle correla- to 650 F and 55 F. respectively.
tions between these variables were negligible. Performance on the two tests was not
In a subsequent study another experim~ental affected when the body cooled, but the hands
design was used in an effort tv cvluzte the ý-',rr kpt ''s-n.; hvte er h.~th
relationship between these two variables and body were cooled simultanenouly per-
without resorting to correlational techniques. formoance dropped off as to the prcv~ous ex-
The pit, pose of this study was to dste rmlne pertinent. Thus maintaining hand warmth by
the extent to which local hand temperature app!ying heat locally appears to facilitate
affected performarce when the ambient tern- hand performance when the injlivfdual ex-
peraituse surrounding the rest of the body periences cold stress,
was coT'trolled. The design involved close Future researc-.h will involve further stldy
mnonitoring of finger temperatures, aod ad- of the hand temptrature and hand perform-
ministering performance tests at certain a!'.rc relationships. The next experiment
predetermined temperature levels. Sixteen planned will study specifically the effects
soldiers were used in this experiment, which of different rates and degrees of hand re-
was conducted under two conditions. One warming on -recovery of manual ef'fciency,
condition involved working in an abient This work will hav~e dirsct application on
temperature of 1150 F. Tohe other condition tiesign of protective devices and on training
involve d exposing the hands to +450 F while in operational techniques to be umed ii
the . eat of the body was surrounded by a arctic environments.
750 F ambitent tempera~ture. Manual per- The effect of handwear design en manual
formance, tests w.rre givent immediately on performance and skin temperature has been
entering the controlled temperature room evaluated In two human engineering studies.
u r on placing the hands in the cooling box, In one study the "Chinese Sleeve," a type
and again when the fifth digit on the left of muff exierisio" on the Parka sleeve, was
hanA reario.d 650 and 500 F, respectively, found to have winerior thermal protection

Differences in performance sttributaS'r characteri-itics witbmvt impairing manual
to the two conditions of cold exposure were functioning any more than ttirstandard arctic
negligible; however, lower performance mitten. In tbe other study which fin still in
levels were associated with lower hand skin progress the numller of movable fingers
terirpeesturpm. Pplative to performance upoon available in h~ndw,,Ar wap& svsternaticallv

*first entering the cold, performance at a varicd. Preliminary analysis indicates that
skin temperature of 650 W' had decreased efficiency of performance on a number of
by 5 aod 9 percent on the two tests, and at teats is positively related to n-imber of
500 F the respective rc; ;.Ases were 07 movalble fingers. Hand cooling associated
and 23 percent. From these results it wa-t with these diesigns is ciirrentlvI,cing studied.
conlue thaýt finger skin temperature is Thr coribinatiun of psychnphyniological
related to manual performance. and that the and hunrar, engineering research ofters a
ambient tempeA ature sxrrounding body areas dual approach to problerns of eaivirorinental
other than the hands and wrists had little protection. The psyci'nphq siologtcal respznrch
effect. provides information on the capabilities of

In still another study an attempt was made individuals under cold stress andl techniques
to determine whethe. impairment In per- for reducing the effectr of this stress.
formance on a complex task in a cold en- Hiir.azi engineeriog reatearch attacks the
viroarrent could be prevented by maintatning problem of loiss of band efficiency im~posed
the hand.! at normal temperatures eve!n though by haodwear design ard other prot~ective
the rest of the body was co-nled to subnormal deviiu-r. Bloth the handwear eesigrtr and
temperatures. Twelve soldiers dressed in the design eng'neer may jqe the knowledge,
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of the diffe.rential effects of cold on'various uals react differentlyto environmental stress,
dexterities to advantage. The increasedvari- and raises a further question as to whether,
ability nf performance found with decreased through selection procedures or training,
ambient ternperature suggests that individ- such variability could be reduced.

2. Selected Significant Hesults of Recent Unpublished Research Within the
Research and Development Division of the Office of The Surgeon General

Colonel Charles W. Hill, MSC
Chief, Human Resources Research Branch,
Research and Development Division, OTSG

The princial responsibility of the Office With this brief introduction to our general
of The Surgeon General in regard to Hman situation, let me now turn to the specific
Factors Engineering lies in the scientific topics which have been selected on the basis
area of psychophysiulogy, or physiological of currency and interest for presentation to
psychology. Research results are sought in you today. Two fairly discrete research
this area which will contribute to the de- studies will be described -- both from the
velopr'ont of new or improved human en- Psychology Department of our Medical Re-
gineering principles for application by each search Laboratory at Fort Knox, Kentucky.
technical service, including ourselves, to The first, pertaining to the problem of
the design ot its specific pieces of equip- control and coordination, will be presented
ment. a'hus, the laboratories of The Surgeon by Dr. Lee S. Caldwell, Control Coordination
Gcneral are focussing their attention upon Section, Experimental Psychology Depart-
basic questions in vision, hearing, motor ment, U. S. Army Medical kesearch Labora-
coordination, etc.. in order to identify and tory. Dr. Caldwell will describe for you
quantify the performance characteristics of his investigations of the force-spaces for
the soldier in terms of his capabilities and the more common hand movements, and
limitations, their implications for the location of hand

Although we accept this responsibility for controls. The second, describing current
providing basic data on the human body. efforts in regard to nc..se exposure and
unfortunately we have neither the funds nor hearing loss. will be presented by Captain
the facilities to work on all the problems John L. Fletcher, Sound Section, Experi-
crying for attention in this area. Selective mental Psychology Department, U. S. Army
digRing down into the more fundamental Medical Research LAboratory. Captain
levels oust therefore be conducted by all Fletcher will discuss the ever-growing seri-
the technical services whenever their human ous problem of environmentalnoise, together

* engineering applications are impairedthrough with several related efforts directed at anal-
lack of knowledge. Such a procedure should ysis of noise and measurement of hearing

* insure steady, optimal, overall progress, loss. I am sure that both of these papers
with int,,gration rnmaintained and duplication will illustrate clearly the typical supporting
controlled through timnely notification ofneeds relationships of psychophysiolngy to human
and intentions to V'ic Surgeon General fol- engineering and give some indication of what
lowed by continuous mutual exchange of contributions you may expect to receive in
information, the next few years.

3. The Effect of the Spatial Position of a Control
on the Strength of Six Linear Hand Movements

- Dr. Lee S. Caldwell
Army Medical Research Laboratory

Ft. Knox, Ky.

The present study is the first of a series Measurements were made ofthemaximum-
of investigations to measure the forces that exertable force that could be applied to a
can be applied within the work-space of the dynamometer handle by each of 6 linear
hand, and from this to determine the "force- hand movements (up, down, right, left, push,
spaces" for the more common hand move- pull). The maximum strength of each of
mcunts. The specific object of this first study the 6 movements was measured at 5 handle
is to isolate the spatial factors which in- distances (12, 16, 20, 24, and 28 in.), 4
fluence the loic. with which 6 lirear hand angular elevations (60. 90, 1Z0, and 150
movements Lanbe made along the 3 orthogonal deg.), and 4 lateral positions (), 30, 60,
axes of an isomettic control, and 90 deg.) of the control.
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The results for each of the six movements the Down and Right movements. The 30 deg.
were analyzed separately by an analysis of lateral position (30 deg. to the right of the
variance. The results were as follows: saggital plane of the shoulder) was best for

I. The handle distance was the factor the Down movement. The 0 deg. lateral
which most influenced the strength of the position was best for the Right movement.
movements. This scure. of variation was 3. The Left and Pull movements were
statistically significant in each analysis. most affected by the angular elevation of the
The strength of the Up, Down, Left, and handle. The 60 deg. elevation (30 deg. below
Right movements progressively decreased the horizontal plans of the shoulder)was best
with increasing handle distance. for the Left movement, and 60 deg. elevations

2. The lateral position of the control were best for the Pull movement.
significantly affected the strength of only

4. Noise Exposure and Hearing Loss: A Military Problem

John L. Fletcher, Captain, MSC
Army Medical Research Laboratory

Ft. Knox, Ky.

The noise level of military work environ- and subsequent hearing loss is related to
ments increases as more powerful engines several variables sech as amount of ex-
and weapons are developed. This has, with posure, hearing -aaervation practices,
little question, increased the frequency of family history, and ether relevant factors.
noise-induced hearing loss in the service Effort is being made to find a test to
and has resulted in considerable monetary differentiate those susceptible to noise-
compensation, induced hearing lose from those who are

T e mission ofthe Sound Section, USAMRL, not susceptible. One promising test, the
ir,cludes measurement and analysis of noise aural overload test, is now being studied.
levels, and relating such noise levels to the Initial audiograms and aural overload three-
probability of hearing loss in personnel holds of 106 Reserve Forces Act trainees
exposed to such noises. To facilitate our at Fort Knox for 6 months will be compared
mistr n a mobile sound laboratory has been with termination audiograms and auralover-
built to permit testing of hearing in the field, load thresholds to determine whether the

Relating noise exposure of range operators aural overload point is indicative of sub-
to hearing loss is part of our long range pro- sequent hearing loss.
gram. Pre-exposure audiograms are made,

5. Some Human Factors Engineering Implications from Design of Prosthetics

Colonel Maurice I. Fletcher, MSC
Army Prosthetie.s Rpseareh Laboratory

I have read with great interest past papers wide range of motion is necessary, many
and reports on the meetings of the Human studies have been made to provide as much
FLcturs Engineering Conference and, of function utilizing the remaining limb stump
course, am stimulated with the tantalizing as possible.
possibilities and never-.nding problems If a hand and part of the forearm are
presented. amputated, over 25 muscle groups have-been

It occurs to me that the situation regard- destroyed. To restore the action of- all of
ing the man-machine combinations is follow- these groups would not only be a complex
ing somewhat the pattern that has its parallel job, but would be So complicated in its
in the projectile - armor plate problem, operation as to frustrate or discourage the
namely, the armor is developed to resist the amputee. Furthermore, there are not enough
projectile, andthen the projectile is developed remaining harnessablo sources of power to
to penetrate the armor, ad infinitum, effectively operate so many motions.

In the development of artificial limbs, the The prosthetic designer is faced with
problem becomes more intimate and complex. many problems; the location and use of all
A part of the human body is missing. together available sources of power, the most efficient
with its functional possibilities, at least transmittal of that power, the use of control
part of its motive forces, and its proprio. separation so that me source of power can
ceptive senses so important in our manner be used for several eperations, the stability
of living. of the entire unit or units, and, if possible,

In the derign and development ofthe artifi- a kinesthetic feedback cue as to position,
cial limb, and particularly in the upper grasp force, or touch.
extremity prosthetic restoration where a
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In the more general human factors engi- Many devices exist, or are beingdeveloped
neering problem where the entire body is within the prosthetic risearch prngram,
available for operation of external devices, which can be utilized in the control systems
several techniques deýeIoped for artificial between man and machine. These include:
limbs have possibilities in the modification force multipliers; locking devices for elbows@
of the man to operation of complex eruip- hands, and hooks; velocity and inertial locks;
ment. clutches; separation of control mechanisms;

Most intriguing of the anatomical sources anti-backlash and front lashlocking systems;
of power is the use of muscle loops, or load controlled unlocking mechanisms; and
tunnels, inntalled through the surgical tech- many other itemsusefulinadaptingamachine
nique known as cineplasty. This operation to the man.
is performed by cutting skin over a muscle, A study of the force potentials of various
forming it into a tube and re-inserting this muscles and body motions discloses a vast
tube through an orifice expanded in the number of useful sources of power for obtain-
muscle body, and then covering the exterior ing external motion or control. A stucdy of
with a skin grait. Muscle* -Ma!!•1o on each the data compiled on time andmotion studies.
side of the parasagittal or vertical center already available through the-Prosthetics Re-
plane of the body include the pectoralis, search Board of the National Research Coun-
latissimus, biceps, triceps, and the forearm cil, will, lam sure, uncover other possibilities
flexor and extensor muscles. Highest forces of increasing the work potential existent in
and greatest excursion possibilities, with the human body.
good forLe-work range, can be obtained from As to the future, every possible lead is
the pectoralis major and biceps muscles, being pursued to increase the efficiency of

In the amputee the distal portion of the the man-machine combination so necessary
muscle tendon 4s detached to provide greater in the restoration of a lost human limb. It is
excursion. Such muscle loops in the non- impossible to tell you in the time allotted of
amputee could be of small size and used the hundreds of devices developed for pros-
only to "trigger off" a source of external thetic replacement of a lost portion of the
power electrically, pneumatically, or hy- human body or of the numerous studies
draulically. Reaction points to the pull of that have been, and are now being con-
the tunnel could be established on the body, ducted on the subject, but I can assure
and very efficient, silent, cable transmission you that such studies are continuing and
systems are already a part of the prosthetic never ending.
armamentarium. I would lMke to close with a few "germs"

In addition to muscle tunnels or slips, the for thought which are now being explored
musc'e bulges themselves may be utilized and which might become a useful possibility
externally to provide scrvo-motor controls, for application of the man to a particular
In this respe.;t, the reflex muscle actions machine in the future. First, the extension
of the body might be synchronized with of our myoelectrical studies, wherein elec-
respect to the mechanical response desired. trical potentials set up by the nerves acti-
For example, when the equilibrium of the vating the muscles may provide a sense of
body is upset there is a reflex muscle re- touch and a source of nerve stimulation which
sponse tending to right the body, and the may be harnessed electrically to trigger
"tension in the muscles attendant to this external sources of power correlated to such
response may be utilized externally, through tasks as are needed; Secondly through the
a sensitive v.lve or micro-switch, to produce imbedding of secondary antenna or even
a parallel rightinj or correction ofa machine, transistor transmittors internally, and adja-
Such a correlation of muscle-machinermove- cent to a nerve or nerve center to signal to
ment would not 1 i too difficult. This system an external receiver as usable impulse.
has been used in the control of knee locks Also studies of the nerve-electrical system
on trtificial legs. adjacent to the spine may provide a clue

In the purely inechaanical application of for furtherdevelopmentofimpulsc-cotitrolled
man to machine through external power, the external utility motors which are "mind-
"scapular and other natural motions of the controlled" or regulated.
body can be harnessed to multiple valves All of the modifications of the human body
or switches with mechanical over-rides, and sketchily described above offer the possibil-
many external remote controls can he thum ity .f modifyteg the man until the machine
actuated with one movement, can Se perfected to accomplish the task,

Any of the mechanical motions can be and then until more complex objectives are
utilized with existent mechanical force multi- required of the machine, at which time the
pliers, so that repeated operation of the rian can again be modified until the ultimate
source of power can be transmitted as in an 2f each has been reached and man has
automobil- Jack to obtain any ultimate force become so complex that his only vacation
desired. This is, of course, dependent on will be a bottle of tranquilizers.
tke time factor required.
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6. System Evaluation of Ordnance Materiel

Dr. John D. Weisz, Director
Ordnance Human Engineering Laboratory

Aberdeen Proving Ground, Md.

The U. S. Army Ordnance Human Engineer- factor problems and can recommend specific
ing Laboratory, Aberdeen Proving Ground, design considerations. The military charac-
Maryland, conducts three types of research teristics are considered as the final criteria

a activities: (1) backgrou,,d or fundamental and constitute the parameters within which
research in noise, blast, optical, radar, the Iaboratory will rindke its ultimate system
and display coritrol relationship problems evaluation. Project personnel must thus be-
common to a number of weapon systems; come thoroughly familiar with the military
(2) uscr-opinion or problErm survey studies characteristics, as well as the results of any
conducted by field liaison teams of militavy design feasibility studies which may have been
engineers and psychologists who interv.vew conducted prior to the initiation of any
user personnel or problems connected with development work.
the operation of standard Ordnance materiel; Every attempt i.. made to assign scveral
(3) systems evaluations, personnel with training and experience in

Currently, fundamental research is con- engineering and psychology to a system
tinuing, and user-opinion surveys have been evaluational project aq soon as the Laboratory
completed on the M48 Tank, permanent NIKE is requested to enter into the project. They
'ustallations, the HONEST JOHN system, and remain with the project until it is completed.
Personnel Carrier M59, the CORPORAL sys- Usually one person is designatcd as the
tems, the Z80 mm canaon, and the M76 and project director, primarily for administra-
M59 vehicles under arctic conditions. Surveys tive and coordination purposes.
are now being conducted on the Personnel A close consulting relationship is nex!
Carriers TI13 and TI17, and the Atomic established with the arsenal designers and
Warhead Checko'.t Equipment. This paper, design engineers from the prime -ontractr
however, is devoLed exclusively to a dis- in order effectively to monitor the huran
cussion of the syst.- evaluation program. factoes design efforts, and to provide human

Since the Laboratory has becn doing sys- factors design data as needed throughout the
tem evaluation resfarch for aporoximately developmental phases of weapon system dc-
2-1/2 years, methods have been developed velopment. If such design data are not found
which may be of considerokble interest to in the literature available to the projectper-
USCONARC and tn the Technical Services. sonrnel In the Laboratory library, specific
A general method of procedure has been field or laboratory research studies are
developed which is followed on all systems initiated to derive such informoation. An
under study, with minor variations as re- example of such researc, wou.d be th.-
quired, determination of the optimum level of mag-

The procedural phases are described as nification to use in an optical sighting system
discrete events, but in reality they usually for an anti-aircraft system. Such a study
overlap each other considerably. Systems was recently conducted by the Laboratorv
"currently under investigation are LACROSSE, at Yuma Test Station, Yuma, Arizona. and
DART, HAWK, TALOS, VIGILANTE, RED- the resulting data are currently being utitlized
STONE and SERGEANT. in the design of the itern. This working re-

Obviously, every attempt is made to enter lationship with the prime contractor has to
into the design picture as early as possible be constantly maintained throughoat the de-
so that the maxin,u,.i :o,..efit can be realized. velopmental phases to insure that an optimum
In several instances the Laboratory has been weapon system is developed. Research ef-
given the opportunity to review and submit torts are directed towards the evaluation of
comments on the military characteristics of design layouts, bread-board concepts, and
specific weapon systems. In such a situation mock-ups of both system components and

the Laboratory can predict the major human the complete weapon system as it emerges.
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Every attemlpt is made to visualize the use up a valid test plan 'hlch will allow the

of the weapon under all types of environ- Laboratory to examine the weapon system
ments by the typical user personnel for in tactical field situations similar to those
which the weapon is being designed. The in which the item will eventually be utilized
maintenance requirements have to be deter- by troops. This plan may include both day-
mined early in the developmental phase in ane. night-time condit-.nis, and operations
terms of ease of maintenance, procedures, under environmental extremes. The field
and the type of test and checkuut equipment test plan not only tries to check likely
to be us, d in the field once the weapon sys- errors, huý also tries to determine thý time
tem bezomes a standard item. In guided requirtments needed to emplace and check
missile systems currently under develop- oti. the weapon and all ofits supporting equip-
rrwnt conhiderable attention is being given ment.
to providing adequate work space in the The field test is then cond-ted as specified
vans and on associated equipment. The space in the test plan, using as operators a sample
is evaluated in terms of traffic klow patterns, of military personnel obtained from the
the numbcr of eperatrers involved, and the specific user population for which the weapon
proper layout .,r tii, equipment in order to is being designed. The personnel are divided
obtain optimum working environment, into crews, and trained to operate the actual
Othor facto,., considered are: the commu- prototype equipment to a specified stable
nicati~n system- involvwd, heating ad yen- level of proficiency prior to the test.
tilating requirements, interior color, and During the test a team of observers from
lighting schemes. the Laboratory records time and error scores

Once the design of most components be- for every operation made by the crew mem-
comes fixed, project personnel begin to bers as they emplace and checkout the weapon
write detailed test operating procedures prior to actual firing. Motion pictures are
for every crew member who will operate taken to be used for later analysis and
the weapon system. Since this task is so evaluation.
essential to the entire evaluation, it has Once the data have been gathered they are
to be a joint effort of the prime contractor, analyzed and evaluated, and a final report
USCONARC, and the Laboratory. Any major which includes redesign recommendations of
,hanges made in the design of the weapon deficient components is written. If sufficient
at this point will obviously result in changes time is available, some of the critical com-
in operating procedures. Thus, every attempt ponents may be redesigned in mock-up form
is made to write the procedures around and evaluated again prior to submitting
the latest modifications possible. Since tac- specific recommendations to the arsenal and
tical considerations are very important cuntractor designers.
assistance is sought from USCONARC re- Every systems evaluation project consti.
garding the weapon's ultimate use under tutes ar. extensive research program as
vario'ls terrain and environmental conditions, essential to the development ot a weapon
Concurrence is obtained frum all agencies system as any other design research and
(USCONARC, the contractor and arsenal development effort. Through such a program
designers) on the final version ofthe operating the critical human factors areas can be
procedures prior to their use in a field evalua- isolated, and the resulting design problems
tion of the weapon system. resolved, prior to the time that the weapon

Project personnel then develop, in detail, is mass-produced and becomes a standard
the program which will be folowed in the field item for troop use.
field test phase. An attempt is made to set

7. Specification of Brightness and Readability fur Seif-Lumlnouj
Control Panel Elements

SMr. Thomas Goldsmith and Mr. Joseph L. Seminara
Human Engineering Unit, Picatinny Arsenal

a. Introduction: Mr. Thomas Goldsmith our personnel are somvetimfes able to under-
take supporting resea-:.., as necessary, and

Picatinny Arsenal's Human Engincering thus function as Engineering Psychologists
Unit, being organized as a service organize- or Human tactors Research Specialists.
tion for hardware development groups, must Mr. Seminars will describe some signifi-
be concerned primarily with the immediate cant research which was prompted by a
problems of equipment design. U1sually the specific design problem--How can troops
handbocks and psychological literature are make settings on a control panel at night with
checked for information needed for applica- no electrical power and no flashlight avail-
tion. When the information does net exist, able?
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b. Report: Mr. Joseph L. Seminara Strontium, Krypton. Thallium, Prometiium
and TritiLum. The last-mentioned, tritium,

The Human Engineering Unit of Picatinny has shown the greatest promise in avoiding
Arsenal was called upon to make recora,- the radiological hazard. This radioisotope
mendationb concerning the illumination of requires very little shielding. By encasing
ccrtain rocket control panels. The engineer- the self-luminous Tritium substancel in a
ing and military lmitations imposed on the plastic envelope one-hundreth of an inch in
situation were as follows: thickness, this material is rendered harm-

I. No conventional power source would less. The most promising development tn
he. made available specifically for illumina- date has been a commercial product named
Cion of the control panel "Sateglow." This is a "paint" consisting of

2. The source of illumination chosen the Tritium radioisotope in combination with
would be required to stand up under extremes a phosphor and special plastic 4 Avents and
If Clilidat. A,,- adhesives. This "paint" requires no shield-

3. The illumination prcvided should be ing at all. At present, brightness values of
such that the control panel would be ade- up to 50 microlamberts can be obtained ac.
quately illuminated and at the same time cording to the manufacturer's claims. It is
should render the rocket launching site mini- anticipated that in this future brightness
mally detectable to possible enemy patrols values of from 75 to 100 microlamberts will
in the area. be achieved with this new substance.

After surveying available methods of illu- In order to make specific recommendations
mination it was decided to utilize radioactive concerning the utilization of radioactive illu-
self-luminous sources. These sources bas- minants, two investigations were performed.
ically consist of a radioactive substance in The first study dealt with the detection
combination with a particular phosphor. The thresholds for radioactive self-luminous
radioactive substance emits alpha and beta stimuli at night. The stimulus materials used
particles which strike the phosphors result- were five strontium -90, one inch diameter
ing in the emmission of visible light, discs supplied by the U. S. Radium Corpora-

In addition to meeting the military and tion on a thirty-day loan basis. There were
engineering requirements just stated, these 2 green one blue and 2 yellow discs ranging
sources have the following advantages: in brightness from 10.8 to 28.6 effective

I. They take up a minimal amount of microlamberts. Detection thresholds were
equipment space since no batteries, wires, obtained by the method of limits. Under
switches or bulbs are needed. varying conditions of darkness, the detect-

e. They require no maintenance effort ability of the radioactive light sources varied
since these sources have a useful luminosity from an average of 89 to 245 feet. A small
life measured in terms of years. simulated control panel containing five four

3. The cost of incorporating this form letter words with letters I inch in heightwas
of illumination into many equipments is not seen at a mean distance of 60 ft away. On the
prohibitive when we consider the savings basis of this study it was recommended that
resulting from th; just-mentioned factors, self-luminous sources would be usedto back-

Great progress has been made in the field light rocket control panels with little or no
of radioactive illumination in the past few chance of detection by the enemy beyond i000
years. Much res',-rch has gone into finding feet.
the right combinations of radioactive sources The purpose of the se-cond study was to
and phosphors to produce light of sufficient determine the -t-quired brightness level and
brightness and lcngth of life. A concomitant heat rnlor of illumination for readability of
problem has been the development oi shield- letters and numbers of varying sizes. The
ing techniques to prevent )-armful radiation stimuli used were common four letter words
from striking the human body. such as FUZE, nonsense syllables, and two

The first successfully used radioactive or three digit numbers. Letter sizes varied
substance was radium. Everyone is familiar from 0.116 to 0.235 inches in height. The
with thz greenish-blue light seen in the dark radioacti.ve sources used to backlight these
on the markings ,f watches and clocks, stimuli were the same as thosc uscd in the

However, radium excited phosphors didnot night detection study.
prove widely applicable for two main reasons: Of the colors used, yellow proved best for

I. radium emits extremely dangerous acuity and blue proved least effective. On the
rarilati..-%s making this substance hard to basis nf the results ofthis study we were able
handle, and to make recommendatione to design engi-

2. radium alpha-particles destrov the neers concerning the required brightness
phosphor crystals too rapidly, causing too levels of illumination for numbers andletters
rapid a loss in brightness of emitted light. of varying sizes at a reading distance of 28

Since the early use of radium, a number of inches.
artificially produced radioisotopes have been In specifying the initially required char-
employed in attempting toovercome the limi- acteristics of self-luminous source for a
tations of radium. Among these have been specific equipment application, a number of
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factors rrnuit be considered. These are: Ing utilized by the- military In illuminating
1. The color of illumination desired, scales, level vials, and reticles for mortar
Z. The optimal brlghti~ess level for sights and gunners* quadrants. The Navy has

seatdbl~ity at a Varncl reading distance of -nripd use of these sources for deck markers.
tvi.,!Y~eighlt Iniches. -.other use that is being considered in in the

3. The shelf life of the equipment or the form of personnel markers for night field
anticipated useful life of tile item~ to be situations. An "atomic flashlight" for map
illuminated. reading aind other night activities is also in

I. rhe -.;f durrease in luminostity existence. To cite a commercial application.
in tin',' foi- the particular radioisotope used, the railroad companies are testing the use of

A formula has been de.vised which takes these sources as warning lamrps. The use of
account of these four factors and Vields the "atomic lamps" will represent tremendous
reqniir.srl initial brightness level for the self-. savings in inanytliousanda of feet of expensive
luminous sonurces, cable and will greatly reduce the misintenanlcl

The reaearch that has been performed at costs required to keep up present types of
Picatnnmy Arsenal has been preliminary in electric lamps. sraeo

* . ~nature. Further res,'arlO. is retrrently under. We have only ýscratched the sraeo
* way with a wider range .i t.i~urb and bright, potential applications for this form of illu-

ness levels. it is hrne,', that in the near future mination. With such new developments as
w"ý will be atble to specify will% A greater de- "Safeglow" sit which the threat of harmful
grve of precisioni the required dimensions for radiation is eliminated we can anticipate that
this form of illurrunat, an. the use of self-luminous sources will be

At present, self-luminous sources are be. widely expanded in the years to come.

6. Some Huaman Engineering Aspects of the E13RO Field Protecttiv Mask

Dr. E. Davy
V. S. Army Chemical Warfare I -boratories

Aboait three and one halt months ago, a observe fielid tests on the mask and saw an
number of American newspapers carried a opportunity to obtain data on the reactions of
United Press release which was headlined: troops to this mash.
"Army developes new atomic age face pro Pror to, and during. the time that theme
lector". An altvrnate version of this headline field tests were being conducted, a series of
from another newspaper was: "Mask pro- laboratory tests were being conducted at the
tate* GI against radioactivity". etc. These Directorate of Medical Research atthe Army
press releases and accompanying articles Chemical Center. Thoge laboratory tests in-
rcferred toth. cur rent experimental or El 3R9 cluded determinations of the ectual resistance
Mask, Protective, Field. commonly called of the mask filter elements, tests for leakage
the V.l IR'I Gia Mask. around the edges of the mash as it was being

The El13R9 mask was developed hy tic worn by active personnel, endurance me&-
Ch.',,Inaal Wairfare L~ahoratortei (if the. Atn~y suresi of personnel executing strmnuous tosk&
Chemical Corpst, working in conjuncticon P'itt' while wearing the mask, etc.
the Mine Safety Appliances Company of Pitts- insofar san human engineering evaluation
burph, Pienusyivan~a. I wils P.ppiid to this item, the question of pri.

Tie small print of the article, which fol. mary importance concerned the satiefactori-
lowed the eye-catching headlinesi Ilave men- noes of the interaction of the item and its
tioned, diminished to some extent the sprc. user. The Importan~ce of this question be.
tacular impact in that thore wan an admission, comes apparent if we note that upon its
presaumably in the intelebIlo of reporting ac - answer depends the answer to two related
clirary, that th.- MAsh, althougth preventing questions: namely. "Will the Item be lased
the wearer from breathing air-borne radio,. (vathcr thai, iggitred wi di,..rded ?e- i.nql
active fallout particles, did not afford "What will be the effect of using the item
protection against direct radiation, upon the proficiency of~the user, both in terms

Btefore continuing this discussion of the of consequent morale changes and in terms of
Zl 3 ltg mask, I shoald like to point out that physiological limitations, which the item may
l am not an authority onprotective masks and, impose?" Extreme physiological effects
although I may often be seen carryiamg a brief upon the user, such as exh~austion and ex-
cage. I am not even an expert. The study cessive, fatigue, may be determined by direct
whic.h I am about to relate was not designed observation or by measurements of body
by the Army Chemical Corps Psychology and temperature, oxygen consumption, heart
Human Engineering Branch. Our part in this rate, etc. The concern of our part o1 the
study was purelv on what might be called a study was with more subtle physiological
cOn"s''tlog basis, Actually, I was invited to mo~ifestatinns which are only in evidence if
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they are repurted by the individual, and communication caused by the design of the
especially with the subjective attitudes of the M9, a *'voicemitter" has been included in
indivirduAl toward the item. the fareplece of the E13. Other innovations
* Characteristically, these sorts of reac. incorporated in the E13 include an eyepiece
tions are determined by the use of form construction which affords wider angle visi-
questionnaires. The widespread use of pre- bility than that of the standard mask. Last
pared questionnaires for the purpose of de- June, 4uring the lime that the new mask was
termining subjective reactions of large groups being tested for leakage, durability, usability
to eq•uipment may be readily understood if in cold environments. etc., field tests were
one ce.nsiders the a.dvantages of this method, being conducted to determine the extent of
For one thing, the prepared questionnaire direct interference of the mask with the
may lie administered to large groups in a execution of typical milittVy tasks such as
short time by a very small complement of rifle firing, rocket launching. etc. For these
Vj.,sonnel. For another, the questionnaire is tests, fifty masks of each type (M7 and El3)
a fair guarantee that a large amount of data were teken to the U. S.Army Chemical Corps
will be forthcoming. Becauie of the nature Proving Ground near Salt Lake City. Utah.
of the tyrical questiunnaire; i.e., because it The proving ground covers a rather large
usually asks for brief and pr'eviously con- area in the western part of the statc and the
structad answers, these data may be easily terrain includes desert and salt flats as well
tabulated in a form which readily lends itself as some rugged areas of the Wasatch range.
to statistical analysis. However, it is also Before the tests, fifty troops were selected
obvious that this sort of questionnaire has and fitted with one of each type of mask.
some very definite limitations. It is always Eact. man was shown and allowed to practice
possible that some very important reaction, the proper method of wearing and carrying
observation, or feeling on the part of the both masks. Tests included marching over
subject user will not have been anticipated hill and desert terrain, competitive softball
by the person who has constructed the ques- and volleyball, resting in recreation areas,
tionnaire. Of course many questionnaires end use of weapons, donning mask on signal dur-
with the open ended type questiun such as ing a simulated Chemical Warfare attack,
"Any further comments?" However, the etc. Wherever possible, half of the subjects
formal structure of the greater pert of the wore one mask end half worethe other during
questionnaire usually tends to limit the in- the tests. Halfway through the tests, each
formal comments which the subject will subject changed the mask he was wearing.
make. In addition, as these comments are Wherever applicable, the proficiency of task
written and as they are often tead after the performance, in terms of proper and rapid
subject is no longer available for questioning. completion, accuracy, etc., was objectively
their meaning may be obscured, ,anissnter. evaluated by expert military observers.
preted, or completely lost. Still another ims Having outlined the context of our particu-
portant disadvantage is the fact that a ques- lar problem, we return to the question of
tionnrpire may be a more effective determining eutljective reactions and atti-
determinant of the subject's responses than tudes of the troops. It seemed that the most
his experience with the item we ar.ý Invert.- useful information, that is the information
gating. In other words, it may, through most likely to reflect the true attitudes
suggestion, draw upon his imagination rather toward the mask, would be the spontaneous
than his mperory. reports of the subjects during a time im-

The Chemical Coros gas mask of curre-t mediately following a test trial. To stste it
standard issue is designated as the M9, This this way is to be almost redundant with the
mask has, on one side of the face piece, a initial formulation of the problem. It is
canister for the purpose of removing toxic almost as though one were to state that the
material from the atmosphere before that feelings of the subjects were the beast indica-
atmosphere reaches the oral-nasal tract of tore of their'attitudes. However, the collec-
the wearer. 'Ntring the past two years, the tion of this kind of information, unaltered by
U. S. Alrny C,.emical Warfare Laboratories the method of collection. presentedaneedfor
at the Army Chemical Cent-r has developed techniques which we had not previously used
a new mask now know#n as the El3. In this in this type of situation. Of course clinical
mask, the side canister has been replaced by practitioners have, for some time, been de-
two charcoal filter elements one on either veloping and utilising methods and skills
side of the fAcepicce. which have proven successful in obtaining

The M9 niask offers a rather high resist- information from a source somewhat deeper
anee to breathing upon Inhalation, thus re- than the level of consciousness at which we
suiting in user fatigue beyond the evtent were interested in working. But, as is true
which would normally result from participa. in the instance of most field studies of mill.
tion ;n any givcn activity. In the £I3 mask, taay ewuipn,,ent, personnel with experience
this resistance has been cut approximately or training in interviewing techniques were
in half. To overcome the interference with not available, especially not in large num.
speech and the resulting lack of intelligible bers. Instead, we were able to obtain a staff
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of ten Arrr;y enli•ted personnelnone of whom subject's responses, after they had been
had any p!o'vious research experience and successfully elicited, would have been rather
wtren, at the cutset, understood nothing of the difficult if a verbatim account had been
mysteries of psyuhic probing. Naturally it attempted. For this reauon, a list of the kind
would not have been possible to make com- of comments in which we were most in-
petent clinical technicians out of these men terested was made up. Previous studies of
in the few days used in preprration for the gas masks and the typical responbes of
test. However, it was believed that enough troops; that is, the typical criticisms made
insight into the basic concepts uiiderlyingthe by troops wearing these masks; knowledge
unstructured interview could be transmitted of desigi, characteristics upon which the
and that enough skill could bc acquired by designers of the new mask had concentrated,
this staff, of presumably average intelli- such as the voicemitter, the decreased
gence. in a period of three days of training breathing resistance, etc., particularlythose
and practice, to enable them to complete the specific , attempts at improvement of the
task demanded by this particular problem. standard M9 mask which were expected to
During the first day the research d&sign, the elicit comparison comments, enabled us to
masks, and some very element!'-y Rogerian make up this list. Thus, a part of the list
principles were explained and discussed. On had been developed prior to the training
the second day, each man practiced inter- situation and the rest was added at thattime.
viewing several others who were instructed Additions were for the most part, made up
to behave as they imagined subjects might from the suggestions of the interviewing
during the interviews. Only one practice in- team. This list consisted of one to three
terview occurred at a time. This was always word phrases which were found to be capable
in the presence of the other interviewers and of summarliing most all of the comments
under the supervision of the instructor. Thus, made by the interviewers acting as subjects.
it was possible for the entire staff to profit In other words, a man might talk for several
by each criticism and by each repetition of minutes about how hard it was to breath, how
the principles involved. In general, the men he felt suffocated, couldn't get enough air,
seemned not to find this activity unpleasant etc., or about how he kept tripping over ob-
amd were fiviking very serious efforts to jects because he couldn't see them, etc., but
become skillcd in their jobs. Wherever pos- the notations written bytheinterviewerwould
sible, of cout se, a trainee wis highly com- consist only of the phrases: "breathing dif.
plimented fos. his handling of a situation. ficult" and "poor vision". Thus, afterhaving
Criticism was introduced by the instructor memorized the list, interviewers were able
in the form of additional instruction or nuance to record subjects' statements with a mini.
of technique. Trainees were encouraged to mum of notation. When a very unusual com.
criticise each other and to comment on ment which seemed importart was made, this
specific situations which developed. This kind was recnrded as stated. It is in this one in-
of participation contributed a great deal to- stance that we were forced to rely upon the
ward the holding of their interest. By the judgments of the interviewing team. This
t:,;..% "'y. match of the men seemed to have method of recording the subjects' responses
sufficiently "mastered" thte ,,resgary art. made codifying and tabulating the data far
It should be noted that a sort of "model in. easier than it would otherwise have been.
terview" (conceived by the instructor prior Our observation of the members of the
to the training period) was "developed" by team indicated that our training method was
the group during the training perird. This successful. That is. it appeared on the basis
model interview consisted of simple, short, of a spot check of the interviews, that the
interrogative phrases which were to be used interviewing team was actually able toutiliae
successively in event a subject iid not show "'nondirective" interviewing techniques to
sufficient spontaneity i.M axpr-esing his at- the extent required by this study without in-
titudes. These phraes were non-pecific to troducing bins Into the responsese of the sub.
the equipment; e.g., "How did it go?" and jects.
referred to the equipment only if the subject To return to the actualtestsituation....The
stopped talking or wandered too far from the gas mask, that is, the experimentai mask was
information sought. The "information worn by the subjects under a variety of field
sought" was, incidentally, defined for the circumstances. In each instance, the stand-
interviewing team as consisting of specialor ard mask was worn under comparable or
outstanding comments about the mask includ- identical circumstances in order to compare
ing recurrent complaints. Explanations were the reactions of the troops to the two masks.
requested in instances where subtects' corn- It should be noted that the test conditions in
ments could not be understood. Interviewers which the subjects wore the masks were
were instructed to terminate all interviews sclecti.d for several purposes. Tests suchas
after a five minute period had passed. In road marches over rough terrain, volleyball
practice however, it %as found that less time and softball, etc., were introduced primarily
than this was typically required todetermine to de'termine such factors as the Increased
all that a subject had to say. Recording a heat load ;rmposea upon a man by the mask,
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the extent of fatigue resulting fromthewear- to fit better sad to remain in, place better
ing of one mask as compared with the fatigue than the Mg. In addition, the E13R9 causes
resulting from the wearing of the other. etc. less irritation to the face and head.
In addition, a g reat deal could bc learned about Most all subjects stated that bre athing was
the degree to which the new mask was able easier with the EI$R9 mask,thatlens fogging
to •s.!ord a visual field commensurate with was less. and thatwearingthe E13R9was less
the requirements of these tasks. A second tiring than wearing the M9. The latter point
type of test is exemplified by the leisure is interesting to note in view of the fact that.
studien: that is, studies during which no when men on treadmills were toldto run until
specific task was asslgrned but during which too tried to continue, those men wearing the
the men were required to wear the mask over experimental mask ran vio longer than those
an extended period of time. A third type of wearing the standard mask. Thus, it appears
test required the utilization of specialized that the apparent advantage, with respect to
and hiRhly developed skills, such as rifle fatigue of the new mask, though possibly im-
firing.. portant, is partely subjective. Most subjects

I have a short film which will show some believed that they were cooler while wearing
of the actual tests during which the masks the new mask. Again, laboratory evidence
were worn. I should like to emphasize at indicates that there is no difference between
this time that these are examples of develop- the heat load of the new andthat of the stand-
mental testing only; i, no instance is a user ard mask.
test of an end item a part of this study. In rifle firing tests there was a slight but

AT THIS TIME, A 10 MINUTE FILM WAS not significant preference for the standard
SHOWN. THIS FILM SHOWED THE TYPES mask. Scoring totals however, showed little
OF FIELD TESTS ON WHICH THIS STUDY or no difference. It should be noted that the

WAS BASED. THESE INCLUDED AN OB- test subjects ware very inexpertas riflemen.
STACLE COURSE, A ROAD MARCH, For this reason, it is probable that the

A SOFTbALL GAME. A SHOT OF AN ARC- variability of their scores was sufficiently
TIC CHAMBER, AND ACTIVITY ON A FIR- great to mask any difference that might haveINC RANGE. been due to the respective designs of themasks.

The results of the interviews indicatedthat The troops indicated frequently that the
the troops wore of the opinion that the E13R9 new mask was superior in that it afforded
was more easily withdrawn from its carrier better vision and much better speech trans-
than the standard M9. This is an obvious ad. mission and intelligibility characteristics
vantage in combat when gas alarms are than the standard mask.Ageneralpreference
sounded. Timed tests have confirmed this for the E13R9 over the standard M9 was
subjective finding. The E13R9 is considered fuund to be at & ratio of almost six to one.

9. Human Factors Engineering In the Transportation Corps
Dr. John W. Bailey

Transportation Corps Research & Engineering Command
Ft. Eustis, Va.

[Dr. Bailey commented on major Trans- instrumentation, controls, and seating; ship
portation G.orps problems to which human luading facilities and harbor and convoy com-
factors engineering considerations are in- munications; terminal and warehousing op-

0 portant. Ameng these he :-entioned: design orations; and design of aircraft instrumenta-
of rail passenger equipment; motor truck tion and controlef

10. Selected Significant Results of Recent Signal Corps Research, and
Major Future Studies Planned

Mr. Paul E. Griffith
Office of Engineering Operations

US Army Electronics Engineering Laboratories
Ft. Monmouth, N.S.

The remarks that I have to make apply to been doing at the laboratories in the past
our work at the U. S. Army Signal Engin.ee- year, our general method of operations. etc.
ing Laboratory only. They are not concerned For this, however. I simply refer you to the
with human engineering work at the U. S. description of our work published in the last
Army Electronic Proving Grounds or other year's conference record; we are still doing
Signal Corps installations, much the same work: we are carrying on

I am aware that I should make a Mittle with the conduc:t ofhuman factors engineering
introductory statement as to what we have training courses; we are carrying on contract
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surveillance and some contract supervision number of changes recommenlde by us in

(primarily through our contract with Dunlap the above reviews, and the num.ber of ac-

and Associates for 14 tan Engineerir.g ceptances of our recommendations. The num-

studies, whereby the mucit larger eqiipment ber of accepted changes in allwas 366.Those

reviews are made and special studies carried are just the human engineering changes in the

on); we also do a great deal of consultation 41 equipmevts. From a sample of 117 such

work. hanges recommended, 76 vere accepted.

One thing that has come out of our routine Another sample of 168 sneh recommenda-

efforts this last year is the drafting of a new tions yielded the following information on

Signal Corps specification called "Human types of faults: labeling faults, 33 percent;

Factors Engineering for Signal Corps Equip. display faults, 27 percent; control faults, 14

ment". It is in the drafting review stagenow. percent; equipment features contributing to

and a copy of the draft in its present form is operator or maintenance errors. 11 percent;

irv. uded in Appendix 3 to the Report of this operator safety and comfort faults, II per-

Conference (page 108). cent; and panel layout and miscellaneous

I want to pass on to one thing we have been faults, 4 percent.
doing in the past two years which, I think, is Examples of the things that we call label

quite interesting. It is the application phase. faults were: the complete lack oi any label-

There is no research in this; it is simply ing where there should have beat& some (the

human engineering application in the Signal most prevalent); Insufficient information in

Corps "Product Review Activity." We have the label (2nd most prevalent): and wrong

two types of product review. One is pre. location of the label.

liminarý product review which is carried on We are quite concerned about this whole

with the arrival of the development model of field of the contents of the labels and we want

a piece of equipment. It is gone over from to go into studies to find out whether we
stem to ttern, in a total of about IS types of shouldn't set up a standard to assure that the

review. The elements considered in this labels are "operator oriented." Toillustrate
product review are: producibility of the what I mean. if you have a Signal Corps
equipment; conservation of critical and stra- generator with some output adjustment, the

tegic materiaLs; availability of product; ease design engineer's tendency Is to label the

of ,,aintetance; standard, reliable compo- generator output control, "Attenuator." That

nents in preferred sizes; adequacy of pro- doesn't tell the poor man who has to use it

curement; interchangeability; test equip- what it does, really. We feelitwouldbe much
ment; coordination; scheduling; preparation better for the label to say "output," with

of master index checklist; use of commercial an arrow over the control to indicate the
equipment; schedule of equipment; conform- direction for increase.
ance with MC'&; and human engineering. We also want to try to standardize on
By the time the equipment is reviewed for all labeling for various test equipments, so that
of these items, it is gone over pretty when a man goes from one type oftest equip.
thoroughly. Thereafter. we participate agiin ment to another, he will know that a given
in the final product review which must Le word labeled on the knob of one equipment

made before the equipment may be standard- refers to the same functions when used oan
iaed. another. This means standardiaation, and is

During the past couple of years, we have part of the whole coding program; you have

thus reviewed 41 pieces of equipment. They to consider labeling when you consider
are broken down as follows: wire communi- coding.
cation etuipit.st, 11; tcst cquipment, 10; These prohlems illustrate the nature of

radio equipment. 4; meteorological equip- Signal Corps requirements for continuing

ment, 5; audio, 2; radar instrumentation, 2; consulting services in human factors engi-

radio equipment, 2; and photographic equip- neering applications. We copsiderthieaspict

ment, I. Specialist Third Class Montgomery, of development to be fully as necessary and

assigned to our office, ran a sample ol the Important as research in human factors.

11. Indilstry's Acceptance of Ease-of-Maintenance Features in Design

Alonzo 1. Vrooman Chief, Appli'ation Eng. Br,, Mech. g. Dept
VSAERDL Ft. Belvoir, Va.

From an ease of maintcnance viewpoint, Unfortunately. it has not been feasible to
it would be preferable to provide equipment duplicate such design innmost of the equipment
that would meet the Military requirement. and furnished by the Corps of Engineers. Some

would operate tar the normal life without progress has been made in this area; for
requiring any mnaintenance. The motor-com- example, the present track rollers for crawler
pressor unit installed in most home refriger- tractors are designed to operate for 500
ators is a splendid example of such design. ltou;'i without maintenance or lubrication,
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whereas the old style track rollers required ERDL also invied representatives of
lubrication after 8 hours of operation, various Technical Services. as well an other

For those items requiring maintenance Government Agencies ard the manufacturers
it would be preferable to design equipment of the equipment involved, to review the
so that it could be maintained without tools, findings of the Laboratory in conjunction
repair parts #-.d materials. As we.approach with ease-of-maintenance improvements.
this condition bylimitingthenumberofskills. Most of the other services, agencies and:
tools, and parts required to support equip- nm.anufacturers agreed that the changes
ment, we tend to reduce and simplify mainte- recommended by ERDL weredesirable;how-
nance. ever, the manufacturers were not willing to

The Engineer Research and Development change the present production lines or
Laboratories (ERDL) have conducted ex- redesign their present equipment. Neverthe-
tensive studies of representative commercial less, many of the manufacture& a have
items of equipment in order to establish the improved their ease of maintenance
design changes required to improve the ease- characteristics in subsequent design.
of-maintenance characteristics. As a result Inasmuch as most of Engineer equipment
of these stvdies. it was determined that con- is of commercial design, it is essential that
siderable time could be saved in accomplish. industry be apprised of our requirements for
ing maintenance operations by altering the ease of maintenance in order that they can
design. For example, removal and incorporate such requir*ments in their com-
replacement of the engine from a specific mercial design. We have found that most
make and model of commercial grader manufacturers are receptive to the idea,
required slightly over 4 manhours. After since it asa* added selling point for their
changing the method of mounting the engine equipment now tkat the public is becoming
and accessories, as well as using quick maintenance conscious. In this connection,
disconnect fittings for the electrical and some of the newer automobiles are advertis-
fuel systems. it was possible to remove and ing self-adjus't-g brakes, one-shat lubrica-
replace the engine in 9 minutes, using less tion. and other eame-eo-maintenance charac-
tools. This is indicative of some of the teristics. Further, some of the tractor
improvements in design which simplify equipment manufacturers are stressing themaintenance. As a result of this study, fact that componentssuchasengines,steer:.ng
the specifications are being changed to require clutches, master clutches, transmissions.
(1) the use of quick disconnect fittings for etc. can be easily vswnovedwithoutdisturbing
the electrical and fuel systems and (2) designs other components or assemblies.
which permit easy removal of components It is felt that considerable progress can
without disturhing other attachments or and will be made to achieve some of the
components. Uther ease -of-maintenance con - most Important esse.-of-mauintenance charac -
siderations have been or will be included teristics desired in commercial equipment,
in the specifications, which will require that which wilt tend to reduce the maintenance
the design engineer consider ease-of-mainte, support cost of Engineer equipment. It is
nanre require me nts. In addition, the recognined that there is cuneiderable work to
specifications will require examination of be dort in this area. Nevertheless, industry
equipment during pre-proeuction tests to is convinced of the imlartance of ease of
insure that the equipment conforms with maintenance, which is indeed a big step in
ease-of-maintenance retquiretnento. the right direction.

12. "Effect of Flicker on Hum"ans'*

Abstracted by Mr. Benjamin Goldberg,
U. & Army Engineers Research & Development Laboratory,from report of contract research of L. Ki N. Back, et al,

at Tulane University.

Considerable interest has been attached to for the purpose ao producing the electroen-
the urtpleasant, distracting and even incapaci- cephalographic (EEG) signs of latent petit
tating effects of flickering or flashing lights Mal epilepsy.
upon human subjects. Many have experienced The present eiperiuments were undertaken
the unpleasant effects of drivin. through a with the Idea of trying to develop the use offorest which resulted In flickering sunlight a flickering light source which woul4provide
with a highly distracting effect on thedriver. a possible tactic in battlefield opera-
Electroencephalograph:ra have recently de- tions by causing some degree of inter-
veloped the technique of using flashing lights ference with the cognitive functions of
in conjunction with the use of certain drugs enemy troops.

OAbtarart.--f11o complere report iity he obainnwJ by addresming request to NiMh Vision Eq.Kfrrwnt..uSAE1m t Ft. Beivoir. V4.
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The first series ofexperimentswhichwere The major premise of the tnvestigationwas
carried out dealt with a measurement of the apparently blocked at this point so we turned
frequency of flicker which would be moat to a study of some othtr effects of flickeiing
likely to cause dirziness. sleep. or light which we noted in passing in earlier
unconsciousjeess in the subjects. After several experiments. Thus. there always appeared
preliminary exploratioi's with various colors to be some difficulty in walking in the presence
and various intensities of l.,h., it was finally of a flickering light. In preliminary trials
determined that white ligbt and maximum this early experience was well borne out as
brightness (but not enough to cause pain) lung as the walking involved turning; experi-
were easily as effective as other colors and ments involving straight-away walking corn-
other intensities, if not more so. A series pletely failed to show interference by flicker.
of sub~jects were then systematically studied In order to make the walking experiments
and their resoonses carefully recorded while more effective, we devised a series of small
being exposed to various frequencies of white hurdles to provide shadow effects. The flick-
light of maximal (non-painful) brightness. It sting light was also mounted on a swinging
was at once determined that .requencies (froni side to side) arm to cause wavering of
much above Z0 cps were without effect shadows. Under theme formidable circum-
because fusion of the flicker was apparent stances the investig.ators and several
and the subjects were never discomfited; sophist•cated observers were variously
frequencies below about 7 cps were also nauseated, unable to maintain their balance
not useful because then the effect became an and were definitely slowed down in their
alternating darkness and brightness which performance in the presence of flickering
was disturhing but not of the character of light. When we tooka group of unsophisticated
the effects of flicker, subjects (younger students who were com-

There were several frequencies whichwere pletely unfamiliar with the experiment or its
effective in producing disturbing effects but purpose) the experiment was a flat failure;
it was found that 9 cps were most often the if anything the presence of the flickering
most effective source of disturbance. Usually light improved their performanes. Social
the subjects would report a sensation akin effects and knowledge of results for the
to "falling asleep," "feel hypnotized," grolips of subjects had absolutely no effect
"drowsy," etc., although only two subjectu on the flicker influence on perform-
ever did actually fall asleep. Very often the once.
subjects would also report painful or disturb- Finally we attempted several hand-eye
Ing sensations relating to the eyes or to performance tasks. By and large these were
headaches or to sensations of nausea or obviously depressed by the flickering light
apprehension. Female subjects appeared to (by as much as 50%) but with practice and
suffcr such disturbances much more often continued exposure performance was soon
and these sensations more often persisted returned to normal. Thus in rifle firing
for some hours after the trial in women experiments it was found that flickering
than in men. It was not possible to get any light behind the target (i.e., behind friendly
more intensive or more consistent effects troops) would reduce firing accuracy by as
by prolonging Zn exposure trial beyond five much as 50%; experienced marksmen, how-
minutes teven u1 to one-half hour). ever. were onlytemporarily confused by this

Some experiments were done in which the situation when firing at moving targets, and
EEG rhythms (brain waves) of the subject scores soon returned to their controlvalues.
were recorded, amplified and used totrigger A last attempt was made to determine
the light source at the same frequency. whether longer flash durations would possibly
When the subjec, was exposed to a light provide a more effective interference with
flickering at the same frequency as his cognition. It was found that minimlurn flash
EEG, the subjective efiects were no more durations were more effective than long flash
pronounced than whern a 9 cps flicker was durations in these respects.
used: they were most pronounced when his The principal findings of this investigation
own EEG was modulating the flicker at 9 :ps, are that flickering lights between 7 cps and
however. ,0 cps. but particularly at 9 cps, are ef-

Subjective responses are sometimes diffi- fective in producing sensations relating to
cult to classify and -ompare. To obviate this Interference with consciousness. It is felt
difficulty certain objective tests of cognition that such sensations are indicative of real,
were tried to see whether the subject's sense but ineffectual, interference with cognition
of awareness was really attenuated or blocked by flickering light. To achieve objective and
in any way. The subject was required to tap effective interference with consciousness by
in a certain seq,.-.-, (-e., Z seqlienco flickering lights or by any other suitable
from one to five tans on left tap boarA and ".0ah,,lque will probably require (a) a better
a descending sequence of five to one on the knowledge of the basic physiological nature of
r!ght tap board). Tests such as these failed consciousness and sleep and (b) possibly
to show consistent, significant interference other, even radically different, techniques
with cognition by the flickering light, than flickering light alone.
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13. The Human Engineering Factor in Equipment Spect~atofinne

Mr. Henryk J. liukowski., U. S. Army Enginee
Maintenance Center, Columbus, Ohio

We are heavily concerned in tne Corps of analysis but is also regilredtomake changes
Engineers with the use of commercial items, to bring the system tnt. control.
as %cuntrasted with, those of military design. The man-element qd the man-machine
Accordingly, our principal irifluence on mna- system sometimes assists changes so

neering, is through the specification. to the machine, but in any cases the human
In exerting this influence we have found proves surprisingly Suxrible and tolerates

that general requirements fc., good human gross errors in enghooeering design of the
engineering are ineffectual, and that specific machine. There ts grst temptation to take
requirements are necessary. In doing this. advantage of this benhumuan capacity. but
the following areas are emphasized. Youwlll it is dangerous praetici. The Army must
find that most of these areas are contained design its systems to aset combat and other,
in the list compiled by Woodson as a guide emergency conelitions. a must be realized
to designers. * that in such times ON stress the human ca-

a.Interchangeability and standardiza- pacity to compensate iefailings inthedesign
tion. of the machine is decreased markedly.

b.Good displays. Nevertheless, the bun element is the
c. Positioning of assemblies, more responsive and Is. the wider range of'
d. Assembly replacement. adjustment. Accord1*-iiy. exctensive, use is
*I Quick fasteners, made of training cauzass. publications, and,
f. Inlexing markings, personal consultatiou.sume publications tell
g. Access doors,. the operator of tde machine how to make
h. Go. No-Go Indicators, expedient changes to design. Others are In
I. Definition nf marginal and sub-stand- the form of official meication work orders,

ard performance, with all required meritatas and to-Ise sup-
j.Accessibility of controls and adjust- plied.

ments. A f requent source ddifficulty in commer-
It. Elimination of hazards. cdisl equipment which asst be corrected after
1. Installation of warning and safety the design is conflictbetween ease of Opera-

devices. tion and ease of makidessuce, usually to the
m. Color codin,, nd marking of circuits. disadvantage of maints, ac.
n. Minimal servicing requirements. The reason forthepteaylent neglect afease

o. Reliability- -minimal repair, of maintenance apipears tobe the assumption
5.:However, the instilling of good human that maintenance io pesforened during amuch

factors engineering into the design of a ma- smaller fraction of do Ufe of the machine
chine is not always successfully accomplished than is operation. This ireasoning envisions a
through the specification. In that case, it mnust system made of functiesial elements, varying
be introduced after the design phase. The throughout the life of the machine, rather
process of system analysis by which this is than the physical elemenuts of man and
done consists of: machine which we haarm'iuusly considered

a. Communication with producing and to be the system. botliaspects of the system
using act~vitfes. must be considered fa order to obtain valid

b. Collection of statistical data. results.
c. Evaluation of data. Statistical analysis afthe functional history
d. Statistical analysis of data, of sonie machines bas revealed a much
e. Corrective adjustinent of the systemn. greater proportion r~the life of the machine

T he analysis is performed most intensively to be devoted to maintenance than is popularly
in the production phase imniedlatety follow ing assumed. In the lives of some machines the
design, since correction of the machine design maintenance etlemenet bat beent the greatest
can be made most quickly and at the least of all the lim-e eleuats. When statistical
cost at that time. Whenever possible, the data of this nature seeavailable and applied.
first production units are tested and subjected ease of maintenance takes an far greater
to physical review concurrently with subse- importance.
quent production, and adjustments are made in In dealing with easeeof maintenance wea4r.
production through a fe ed -back process based dealing with the servicing and adjustment
upon contractual communication channels. At which is concurrentwoft operationi. as well as
the same time, the other element of therman- the special case whewsel the syste.ricontalins
machine systemi is not only considered in the a machine which is insperative or operating

outside of control limbsa. In this special case,
*Wesley c. Wounm,i tP.s. Navy Electronics tab., San Diego, it is important to cassider thes machine as

Calif.; Tele-Teci, VW Elecroiorc Wd., Vol. I1.. PP l-s7.fire i955. part of the same system,nrather than studying
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the machine alone or making it part of a mutted at all. in violation of regulations, and
new svstemi ior maintenance purposes. When tho-;e which ire submnitted are usually delayed
ne, elements rmust en~er the system in order in transmission by the cumbersome pro-
tim achieve repair, the uriginal definition of cedures now -required. These delays are
the system ib invaliidated aloniv with the re- as characteristic of the electronic data
stilts of any s, sie7o. *.alysis based upon that processing report cards (required for air-
de fin it ion, craft and electronic equipment) as they are

The definition of the mian-machine systemn for the narrative reports required by AR
which lead.~ tu valid results includes idle 700-38. Furthermore, the reports do not

t *ji! down tim'me st oramme ftime: all operatine yield data pt-rtining to the performance
p:ro ceci re a. eavironments and circurn - of the whole system, buta re confined to certain
5artames: ttaintenam,~e and supply pcrauonnel, worliing parts and mrechanical functions.
repiir pirts Atovks, mynvapplicablemainte- What is needed is a periodic report regard-
txn~an fl-n'. and try sutbstitute niac-hires'; ing certain selected performance variables
tt-ls And te it andi support equipment; amnd the which viii~ eahlie actionm to be taken prior to
tinmancicil resources of: ttrc' system. The imi- the system going out of control. Sach data
purtance (if treatim~g with a single system could be the basis for Shewhart charts and
whim h is a mm.,npliee statistical universe in similar statistical procedures leading to the
itsvl' -inm,.m ',e o. *r-rii,gtasired. rxer,-ise of a certain amount of control over

In S~ immimmr. , mk~At las liven descrihed in the system. To achieve this would be a
the furegoing, ir !±me engineerint, of a s" stern significant step toward the ideal of a true
with rmm.phasif tin human factors. I he ini- process of feed-back wherein variations in
porta~A elementsu tf this systlemisenginerering t"e output of the system would cause 3itto-
are the feemt-bac. imechanism and that part matic adljustiments in both the men and the
oaf the aralysis and evaluation of the daita machine to nmirintjizi siatistlkal ouvittoi and
which encompasses the entire systemn as a minimize stoppages.
whole. Our performiance of this systemnsengi- A study of the Army procedur s for
nee ring would he greatly enhanced by chariges P!dnlct_ anLalysis is recomended with a
in current Armiy procedures. view toward otin e rformance of the.

We rely heavily on deficiency reports far coplimete system in lieu ot rigfailure
the data upon which to base statisticalaraly- oý ýcmponjentq, and pr r asis on
sis. Frequently, such reports are not sub- speed of communication.
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Vl. REPORTS OF CONFERENCE WORKING GROUPS

WORKING GROUP A

Utilization of Available User Experience Information
During Engineer Design Stage of New Equlpmsint Development

Colonel E. A. Fossum, USCONARC, Chairman

CONCLUSIONS: meat Objectives Guide. US CONARC Test
Board reports on similar and related items.

I. Reports of Human Engineering failures etc.
which are revealed during service test are Z. Insofar as possible user guidance
frequently too late to be of any value or should be requested and furnished in for-
result in custly modification, mal correspondence, thus insuring that

2. The transitory nature of the mili- it is valid and not mere personal
tary assignr ent system causes con- opinion of one individual. When it is necee-
fusion because the user guidance pro- vary to provide oral user guidance.
vided by one military project officer is so written confirmation of such guidance
frequently contradicted or changed by his should be provided immediately there-
successor. after.

3. Oral user guidane is subject to fre- 3. It should be a normal required pro-
quent misinterpretations. misquotations, and cec.rie for developing agencies to invite
outright repudiation. participation of using agency personnel in

4. Communication through normal paper evaluations of designs, mock-ups, and pro-
channels is frequently too slow to totype., as appropriate.
be of value in providir.g user guid- 4. Using agency representatives (from
ance when immediate design problems US CONARC Headquarters and Test
arise. Boards) should be empowered whenever

poseibte to speak officially for their
RECOMMENDATIONS: command at steering committee and de-

sign evaluation meetings. When this is
not possible, they should be required

1. Developing agency personnel should immediately after such meetings to provide
utiiize approved user guidance whichis avail- staffed answers to questions which arise at
able in b'ich doc aments as Combat Develop- the meetings.

WORKING GROUP B

"Training of Engineers in Application of Human Factors
Data, and Optimum Utilization of Engineering

Psychologists in the Technical Services"

Dr. Henry Gaydos, QM R&E Cmd, Chairman

I. The Working Group considers theprob. which will enable. e.g.. precise specifica-
lem of training in this field to involve three tion of human factors in desired military
levels of requirement: characteristics of deslgn.

a. a level of general familiarity with e. a level of advanced technical pro-
the aims and methods of human factors ficiency required for research and develop-
engineering to acquaint officers with the mental solutions of specific design problems.
nature of human factors considerations in 2. The Working Group recommends that
design, these loveis of ikecd for training be taken

b. a level of that greater degree of into consideration in the establishment of
understanding of human factors engineering Army training requirements in this field.
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WORKING GROUP C

Establishment of an NRC Committee to Select and Arrange
for English Transiatious of the Best Foreign Literature

in Human Factors Engineering

Dr. lohn Kobrick, QM R&E Cmd, Chairman
I. The working group considers that, while for such work, and consideration of the beat

such translations might be of valuef to Army means for management of the facility. The
human factors research and development, working group lacks information on these
formal establishment of such a facility re- matters.
quires investigation of existing kgencies 2. The group, therefore, recommendstha.
which may now be doing related work, deter- the Army Chief Psychologist consider the
mination of the nature and scope of the work advisability of further action on this
to be done and specific Army requirements matter.

WORKING GROUP D

Human Factors Contributions to Equipment
Design for Night Operations

Col Charles W. Hill, MSC, OTSG, Chairman

Current Requirements. vironmental cues include radioactive self-
luminous sources, dim electric lightsinfra.

The tactical and tech.iical troopusershave red lights, and braille maps. Under
requirements for improved surveillance and supporting research, projects are being con-
detection on 'he battlefield, direction and ducted on testing deviccs for night vision,
control of weapons firing, identification of training methods for night operations, defini-
own material and personnel, and communi- tion of spatial cues in areas of low illumina-
cations in group or team functioning. In tion, ani the determination of detectability
addition, there is the concomitant develop- thresholds for specific cue-enhancing equip-
ment of security measures for the eiluip- ments.
ments that are developed to meet the above
requirements.

The equipment developers and designers Recommendations.
have requirements for identification mate-
rials and devices with minimum potential Research could well be devoted to the
for detection by the enemy; optimum coding investigation of kinesthetic space similar to
and communication symbols and configura- the work now going on with regard to visual
tions; and increased range and resolution in space, to the definition of visual abilities of
surveillance and detecting equipment suchas the military population, to the interpretation
radar, infra-red, etc. of non-visual signals, and to the feasibility

Requirements at the basic supporting level of the use of aniinals as detectors and guides.
are (I) specific visual capabilities and limi- Supplementing research in these areas, snme
tations under limited illumination, (Z) spe- value could be obtained by reviewing related
cific visual capabilities and limitations with research results in othcr area- which might
optical and electronic equipment, (3) selec- be pertinent to these problems, such as the
tion techniques for capabilities celated to electromagnetic trail which was developed
night operations, and (4) training methods to for use in Arctic operations and might also
increase abilities related to night opera- be useful in night operations.
tiuns. There appears to be a need for improvmng

the communications among human engineer-
Current Research. ing research and supporting or related re-

search agencies. The communication contact
The current research effort designed to between users or operators and research is

meet the above requirements includes the adequate in general although there are some
following areas. Equipments for extending weak spots at various points within this
the perceptive capabilities of human indi- system. The main problem, however, is one
viduals are being developed with special of systematic integration of efforts within
attention to searchlights, infra-red devices, research and development in order to satisfy
artificial moonlight, radar, niRht binoculars, user requirements most efficiently.
night photog.-aphy, seismic devices, and sound Finally, there is a need for continuation
amplifiers. Equipments for lnhancing en- of the activity ef the Working Group. The
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Group should continue to operate by mail and nition of the groblerr and to insure the
visits as the opportunity and funds permit. advancement of the various recornmeinda-
to follow up on a mort comprehensive deft- tions presented above.

WOPKING GROUP Z

Human Factors in Design for Ease
of

Maintenance cof Army Materiel

Mr. Henryk 3. Bukowski, Engineer Maintenance Center, Chairman

I. The problems faced by this working the Human Factors Engineering Council ar-
"group require further stud-i t'efore specific range for :ontinuing study of the problem
recommendations can be pr,'s,tnted. by this group, with a view to presentation of

2. The group, therefore, recommends that firm recom.mendations atthe next conference.* /

\

\
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VII. INVITED PAPER
HUMAN FACTORS IN SYSTEMS ENGINEERING*

Alphonse Chapanis

saa ments of Psychology and Industrial Engineering
The lohns Hopkins University

Baltimore 18, Marytand

The title of my talk is sufficiently broad creased complexity and versatility is, I
that one could easily write whole books on think, the distinguishing characteristic of the
tho topic, What I plan to do, however, is to automatic machine system today.
confine my attention to a rather narrow AutomatLc machine systems still use, and
group of problems, namely. some of the will continue to use, human operators, This,
human factors inolved in the design of auto- I think, is the most importa.nt premise of the
matic aaid serni-automatic machine systems. three. Although many machine systems in

use today are described as fully automatic,
all those which I know about still use hu-nan

.ome Basic Premises operators in one way or another. Moreovrer,
I think it is easy to overlook or to be misled

Within the last few years there has been a about the amount of work human operators
great deal written about automation. As I may still do in automatic systems. Since
read some of this literature it seems to me this point is so important to the rest of my
that there are three very broad generaliza- paper, I wculd like to elaborate on it here.
tions we can make about the subject. Since Recently I read in an engineering journal
these arc basic to wha.l I shall say later. I (Z) about "...a new automatic control sys-
should like to list them right at the start: tem...designed to give the ultimate user

Automation is not something new. The increased machine productivity, higher ma-
first basic premise is that automation is not chine speed and greater accuracy since it
something brand new in engineering. Indeed, eliminates the human factor." This sounded
in 1784 Oliver Evans built an entirely auto- like a completely automatic system. Yet as I
matic factory just outside Philadelphia--a read further I was struck by the number of
cnntinuous process flour mill. Not long times the author, perhaps without realizing
-thereafter in Paris, in 1801, Joseph Marie it, had to refer to human operators doing
Jacquard exhibited an automatic loom con- something in %iis "automatic system." Be-
trolled by punched paper cards similar in low, I shall quote certain phrases and state-
somc *ays to the puncted cards now used ments from this article to illustrate my
extensively for business and accounting pur- point. It is true that I am quoti:tg them out of
poses. His loom was sc successful that in context, but this does not seem entirely"-Zi2 therc were 11,000 of them operating in unfair. I have underlined, for emphasis,
Fr~ince alone. For years now we have had those activities which are performed by
automatic machinery for the pr'oduction of human operators.
screws, paper, glass and steel, and for a "While little machine modification is
thousand other purposes. necessary...It is particularly suited for

Miachines have become much more com- control of production machines on which
1,!.x and much more versatile. Although a moderate number of pieces of one type

aut.mation is not something new, what has are to be made, since itis simple to change
bee" happening is that automatic machines from one variation of product to another
have been becoming much more complex simply by provding another deck of direc-
ard much mare versatile. Evonr' auto- tor car'd..Mcine directions that would
matic flour mill was a single process ma- normally be programmed...Standard card
chine system. It accepted grain at the input processing equipment...is used for pph
side and produced bags of flour at the output ing, sorting and stocking the P7in1i
side. But this was all it could do. Some Positioning information is punche -into
automatic machines today can accept many the cards...This permits the operator to
different kinds of inputs, pe.form alternative read directions directly from the card...
kinds of operations on these inputs, and The cards alsohave space for...operators
present the results in different ways. In- instructions...

0 Thls is an elaboration of some remarks msee at a Symposium on the Psychobcgicl and Social Aspecn •f aurnmation held at Ite XVth
hIterrattona! Congress of Psychology in Brussels. 1s.iur., onus August ;.97. Preparation of this revort was supported under Contract
N5-ori-166. Task Order I, bet.een the Office of Naval Research and The Johns Hopkins Univerity. Reproduction in wholeor in part is per.
mined for ay purpose of the United States C.MennMerL 51
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"...the operator initiates the control and in any system which is planned for the fore-
the firsitcard directs the table motion.., seeable future. It is this fact--the fact that
The operator then clamp the steel sheet operators will still continue to be used in
oi the table an! xnitiates_ control _ph_ in. automatic systems--which makes this field

"The positioning. information can be an, interesting and impottant one for be-
read elf a bluenrint or table of coordi- havioral scientists.nates. Th~e r-nainfomto pnheid

nu-tob te ar- d c arsequence checking, ma-! The Field of Systems Engineering

chine instrtions,...perator's instruc-
Lti.ons .... etc. In the United States today there is g.'eat

"If power is removed during any part of interest in systems engineering. One finds an
a cycle it is only nccc--ary topL, h the increairng number at job opportunities avail-
'Control On' button...It is also ps-" e to able for "systems engineers" and a few
plIe the control on 'Hand' operation while universities, Johns Hopkins among them.
rninthrough a deck, move the various have beccme greatly interested in setting
motions i..c) toany other . n up courses in this area. Who and what
return the control to 'Auto'....3y read;ng is this systems engineer and why do I
the cards in a definite order the machine mention him In connection with the problem
operation may be halted at specified points, of automation?
and through the illumination of an indicating Although I have not been able to find a
light the operator is told to check his universally acceptable definition of systems
lanningL card...If for any .reason the se- engineering, I think it is fair to say that the
quence becomes disrupted, the operator systems engineer is the man who is generally
can reset the sequence to any desired concerned ,with the overall planning, design,
number bY, means of manual switcies testing, and production of today's automatic
provided on the control console." and semi-automatic systems. The first need
These selections do not exhaust all refer- for this kind of engineering appeared when it

ences to human activities in this system. was discovered that saticfactory componenti
But I hope that you are left with the definite do not necessarily combine to produce a
impression, as I was, that there is still a satisfactory system. Even though individual
very substantial amount of human control components may satisfy all specifications,
required here. To be sure. th. operators in very often the system as a whole will not
this system are doing different things than work. Complexity of our modern machine
the conventional skilled ma.-hine-tool oper3-- assemblaven has apparently created theneed
tor does, but they are an impor•w.t and for systems design and systemsengineering.
integral part of the system nonetheless. An especially important point is that people
Notice also that this system cannot he in this business (13, 14) seem to agree that
operated by unEkilled help. Reading blue- the behavioral sciences have something to
prints, programming the operations, recog- contribute tu systems entgineering. Why I&
nizing where and when a sequence should be this ao?
reset--all these activities assume a high
level of skill, perhap- ever, a higher levcl
than that required for conventional machine Human Factors in Systems Design
shop work.

To continue with a somewhat different It seems to me that the important human
thought, I think we should be careful not to considerations in systems engineering can
confuse remote control with full automaticity. be grouped under four major headings: (a)the
In many guided missile and drone a-rcraft allocation of responsibility between men and
systems, for example, the humas operator machines, (b) the ynthesis of men and
is still in the control loop. He is merely machines into systems, (c) the human er•gi-
sitting on the ground instead of in a cockpit. neering of systems components, and (d) the
"IU you think that guided missiles are fully evaluatin of systems.
automatic systems, count the number of Although these various factors are not
soldiers, technicians and engineers you will always explicitly recognized and identified,
find stationed at a typical missile instal!a- they Pll, I thinh., enter into every system
tion. Essentially the same is true of robot problem. However, the relative emphasis
tractors, ships, trains (I), and other vehicles, attached to each ingredient varies with the

The proportion of men to machine units is particular system. In one, considerations
steadily decreasing in modern systems, to about the allocation of responsibility
be sure, and operators are required to per- between men and machines may be
form different kinds of functions than they an especially important part of the
do in non-aut6matic machine systems, but initial planning. In another, the major
they are there nonetheless. Moreover, I psych~iogical contributions can be made
have yet to find any engineer who seriously in the human engineering of com-
considers dispensing with all human operators ponents.
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ALLOCATION OF RESPONSIBILITY BE- provided in an aircraft cockpit? The solution
TWEEN MEN AND MACHINES in this case is being sought by an experi-

mental program using pilots who will "fly"
In planning the design of a large system, it aircraft simulators with various amounts of

seems to me that the basic question which has automaticity.
to b- answered by designers is not man or At this point it might be of interest to see
automatic machinery, but rather: What role how. thece considerations were applied in a
should the human be assigned in the system? specific case.

Several years ago, a number of us got The RCA Bizmac Electronic Accounting
together to prepare a report on human System. Several of the considerations men-
engineering for air navigation antd traffic tioned above are illustrated very well in the
control (7). In that report we pointed out design of the RCA Bizmac Electronic Ac-
that it was possible to design several kinds counting System--said to be the largest
of control systems which could be distin- commercial data-processing system so far
guished in terms of the degree of human constructed (9. II, 12). The installation
participation in the control process. At one covers about 20.000 square feet and consists
extreme, primary control could be left in of 357 separate equipment units, amongthem
the hands of human operators who are 12 major electronic macbin,.s and about 200
aosi.ted by data analysis, transmission, and oth ..-,y automatic or semi-automatic
display equipment. At the other extreme are equipments. This particular development was
those systems which are almost "fully auto- designed for the job ofmaintaining continuous
matic" and in whiLls almost every function and rapid stock and inventory control of over
is performed by machinery. In these human 2S0,000 catalog items. It also handles all the
operators would be used for monitoring, files, orders, receipts, payments, bills, and
checking and maintaining the machines. Be- associated business paper work.
tween these two extremes systems can be One of the first and most important series
designed with still other degrees of human of psychological questions occurred at the
participation. Thus, a system could be de- planning stage. It was at this stage that the
signed so that its major work is performed systems engineers, in co- :bination with psy-
by semi-automatic machinery but it. which chologists, carefully sorted out and seps-
the human operator routinely performs cer- rated the functions of planning, decision.
tsin critical functions, for erample, planning execution, and monitoring. The results of
and decision-making, these early deliberations led to the decision

Althogh the engineer may not alwr'vs con- that operators would be used in three ways:
sider the problem in precisely these terms, (1) for purposes of planning and preparing
it seems to me that, implicitly or explicitly, the work (that is. for programming the
he mutst make some derision about the role work); (2) for operatingthe system; and(3)for
of the human. When he says that there will maintaining it. The task of the first group of
be no people in the system, what he usually personnel was to specify the data-processing
means is that human operators will be used job and to prepare a detailed and specific
solely for monitoring and maintenance. But set of operating instructions for the Job
this does not dispense with people; it merely (that is, program the job). The task of the
means that the human taskA ate different second group of personnel w-&.t to receive
from those in conventional machine systems, the operating instructions, di-ect, rontrol,

Rlational decisions about the role of human and monitor the processing of atit through
operators in automatic systems canbemade, the machines. The task of the mnaintenance
it itpm to me, only by considering care- group was to inspect, test, and repair ma-
fully some general characteristics uf human chines as required.
performance as contrasted with those of
machine performance. Such factors as alert- THE SYNTHESIS OF MEN AND MACHINES
nets, overloading. fallibility. flexibility, INTO SYSTEMS
judpment, informatioo.handling, and so on,
have to be viewed from the standpoint of the Having decided on the functions which
requiremrents of the system. The functions to operating personnel will have in a system
be performed by the system must be listed and on the division of responsibility between
and evaluated by comparing what men can men and machines, the engineer then faces
do better than machinep, and vice versa. It the problem of integrating these personnel
is Important to point out, however, that into th•e system. By this I have in mid
mere speculation and arm-chair philosophia- something much more general than the human
ing may not be enough to provide valid engineering design of components for effi-
answers. For example, I read with interest cient use-.about which I shall speak in a
about a research program recently let by few mr.oments. Rather, at this point I am con-
the Air Force to the Ryan Aeronautical corned with some general principles about
Company (3). One of the basic questions tobe ways in which men and machines should
answered is this one: Exactly what balance complement each other in automatic or semi-
of automatic and manual control should be automatic systems. This is an area of
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human engineering which has not received So much material has been written about
very much atteition by psychologists and is ordinary human engineering problems that I
one which interests me greatly. Perhaps the shall not dwell on them here. Rather I shall
best thing for me to do is to illustrate what I illustrate how human engineering was car-
mean by an example of what I consider to be ried out in the design of the components for
a general principle of man-machine systems the RCA Bizmac system. Some of the high-
design. lights are these: The control room was

The princ.ple of verific4tion throuphinde.- carefully designed to make the working en-
pendent. duplication. As wc have aheady vironment pleasant. Colors andmaterialsfor
seen, in planning the RCA Bizmac the deci- floors, walls, and ceilings; lighting: and the
sion was made that progralmming of data into arrangement of all consoles and desks was
the systet i would be done by human opera- designed so that the room would be quiet and
torm because of their flexibility and because pleasa.t to work in.
of the nature of the input data. Yet it is In addition, particular attention was paidto
generally known that even when equipment the design of operator consoles for rapidand
has been well engineered for maximum efficient human use. The controls and indi-
efficiency, human operators still make nmis- cators for each machine were first divided
takes. These mistakes may run something on into two classes, operation and maintenance;
the order of 1% or 2%, depending on the where possible, they were grouped sepa-
particular tlsk. The accuracy requirements rately. The operating panel was made easily
of this electronic atcounting system were aeceirthl.- to the operator, as was the main.
very much more stringent than this. How tenance panel to the maintenance man. But
then is it possible to design the system to over and above such simple and obvious
make use of the flexibility which charac- human engineering features, the design of
teriaes human operators and yet to provide the consoles make use of all the established
the extreme accuracy required? human engineering design peinciples one

The solution of this problem was to use can find in any of several sources. Controls
two operator-verifier teems. The members are grouped functionally; their arrangement
of each team make identical set-up. on and meaning are standatrdized throughout tke
different consoles. Special equipment has entire system so that operators can switch
been designed to compare the output of the readily from one console to another; con-
two nman operators vnd to accept for trols and indicators are arranged in the
processing only those items which agree sequence in which they are normally used;
exactly. Discrepancies are rejected for cor. color coding is used throughout; special
rection. Under certain conditions this tech- attention was given to the legibility of labels
nique will reduce the error rate to a few and indicators; the controls &nd their place-
per million even though the error rate for a ment are carefully designed on the basis of
single operator may be one irk a hundred. A anthropometric considerations; and finally
romewhat fuller description of this principle the punched cards which are used in the
and the statistical reason why it works so system are designed so that the information
well is contained in a recent publicatiun of coded on them is arranged in the same pat.
mine (5). tern as the controls on the consoles.

Time does not permit me to discuss any The RCA Rirnmac system makes more
more of these general principles. Let me extensive use of human operators than many
just mention two others: (I) Machines should other systems do. However, I want to usn-
monitor men so that critical human deci- phasiae that even if the only function of the
lions do not violate basic safety or opera- human operator is to monitor the system and
tional rules. (2) The system as a whole take over in emergencies, this does not
should be designed f'e efficient fault loca- dispense with the needfor human engineering.
tion. On the contrary, it intensifies the problem.

When the operator has nothing to do for long
THE HUMAN ENGINEERING OF SY3TEMS periods of time, it is difficult to keep him
COMPONENTS alert and responsive. Yet if he Is to take

over in an emergency he should have infor-
There is usually a lot of human engineer- mation about the past history of the per.

ing work to be done on the components of formance of the system, what ails it. and
automatic and semi-automatic machine eye- what he should do to overcome the difficulty.
terns. These fall into two rather broad Designing displays, emergency signals, con-.
classes which I should like to consider trol consoles, and operating procedures for
separately, such conditions taxes the ingenuity of both

The design of components for Operator the engineer and psychologist.
Mu. Since automatic systems do not really The desin of components for maintenance.
dispense with human operators we can see One consequence of the growth of semi-
ihaL tl,ere is armple opportunity forthehuman automatic systems is that problems ofmain.
engineering design of the machine compo- tenance are becoming increasingly more
nents with which these operators must work. severe. Javitz has recently prepared a survey
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of the present state of human engineering in SYSTEMS EVALUATION
American industry (10). This is an especialiy
interesting report because the author is not The fourth and final area in which human
himself a human engineer or psychologist and factors become involved in systems engi-
because in preparing his report he contacted neering is in the evaluation of systems.
a very large number of persons in academic Most current definitions of systems engi-
institutions, consulting organizations and in- neeriag emphasize the importance ofevaluat-
dustries. irg the entire system before it is actually put

One topic which keeps appearing throughout into production. As we have already seen,
his report is that of maintenance. It occurs many systems include a human operator asa
not only wih respect to large systems of vital part of the system. Thus, any reasonable
machines, bu! throughout the full gamut of attempt to evaluate the performance of the
modern instrumnts and devices. He cites, system must include an evaluation of
for example, a report from the Consiimer the performance of the human operator
Service Division of the Detroit Edison Com- working with the equipment provided
pany on the excessive amount of servicing him.
and repairs on lboth small and major ap- An illustration is provided by the Biamac
pliances. In one year, 1953, this company system to which I have already referred on
had to repair 600,000 small appliances. One several occasions. When the system was
in every 7.5 toasters in the Detroit area, fairly well along in its design, tests were
one in every 9 clocks, and one in every S set up and run under simulated operating
coffeemakers required some type c! repair. conditions: (I) to test the operating condi-
One of the major criticismi arising from tions; (2) to get some measure of operator
this picture concerned the design of the load at the varicus operating positions; (3)to
equipment from the standpoint of its main. see what the effects of equipment breakdown
tai,adl,ility. In some instances appliances were on overall system performance, and(4)
had to be taken apart completely to to get some indication of the adequacy
rep!ace somerhing as trivial at s aplin of the proposed operator and machine com-
light. Lination.

The problem of rnaintenar..e !&as become It would be easy to multiply examples of
sufficiently important to the military buyers this sort, but I think perhaps my point is
of cnmplex equipment that some ofthemhave clear. Systems engineers are frequently
begun to write human engineering clauses responsible for designing and running tests
into their contracts. For example, specifi- on complicated man-machine combinations.
cations for equipment developed for the Those who have actually run some appre-
Signal Corps contain a standard paragraph ciate that such tests are much snore com-
requiring the contractor to apply human plicated than doing ordinary engineering
engineerinp principlas to the design of the evaluations. People differ, and tests run
equipment. This requirement mentions sev- on one subject may not be at all typical of
eral different huma,, engineering factors and. the performance of the average person.
in particular, specifically requires the con- People learn durin3 the course of an experi.
tractor to consider "human space limitations ment; often khey become bored or fatigued;
for operation and maintenance." (The eam. they are sensitive to the kinds of instructions
phasis is mine.) which precede the experiment aad to words

The picture is not completely negative, of praise or reproof given during At; they
however. In discussing the RCA Bizmac interact with the experimenter in strange
system I pointe," oul how maintenance func- and sometimes unexpected ways--they
tions were carefully designed intoit. Another may try to outguess the exporimen.
company that has a good record in this ter, or, on occasions. may deliberately
respcct is the telephone company. Because sabotage the outcome of the tests.
it is responsible for its own maintenance These and still other factors must be
the tele~phone cCmp3ny in America seems to anticipated 2nd controlled if the results
have been more alert to the problems of of man-machine experiments are to be
maintenance than many other industries. New trusted.
developments for the telephone system fre- Psychologists, of course, have been
quently give maintenance considerations face to face with these problems for
prominence equal to that given other kinds years and, in the course of their
of considerations, work, have evolved techniques for han-

It would be impossible for me to give you dling many of them. For this reason
a complete picture of the kinds of recomi it is perhaps not surprising to find
mendations which can be made about that psychologists are frequently con-
the design of equipment for mainte- suited for their advice on problems of
nance. I would like, however, to call technique and methodology. A monograph (6)
attention to two publications which dis. I prepared recently is an attemapt to pul
cuss these problems in some detail together some of this information into a
(4, 8). single source.
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In summary. I have tried to give you my 6. Chapanis. A.: The Design and Conduct
imprece•tins of -ome of the human factors of Human Engineering Studies. San
involved in the design of automatic and vemi- Diego, Cal.: San Diego State College
auiustiatic machine systems. I hope first Foundation; 1956.
that I have been able to show ýou that there 7. Fitts, P. M. (Ed.) Human engineering
are still a substantial number of human for an effective air-navigation and
prnblems iii modt such system!. A success- traffic:--Otrol jystem. Washington,
ful autom itic system requires that the engi- D. C.: National Research Council;
neer care ully consider the role ofthehitman 1951.
operator and how he is designed intso the 8. Folley, J. D., Jr., and Altman, J. W.:
system. Second, I hope that I have been able Guide to design of electronic equip-
to sugges: why the human factors specialist ment for maintainability. Wright Air
is often conqidered a member of the rystems Development Center (Wright-
desin team andl in what ways he can contrib- Patterson Air Force Base, Ohio) Tech.
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VIA. GENERAL CHAIRMAN'S SUMMARY OF THE CONFERENCE
SUMMARY OF PREVIOUS CONFERENCE RECOMMENDATIONS

AND ARMY ACTIONS THEREON. I OCTO9ER 1957

By Dr. Lynn E. Baker, U. S. Army Chief Psychologist, OCR&D

As is customary at t'lese moetings it is rný 2. the USCONARC presentations, which
pleAs're to rencer a summary rrport of outline the tactical. doctriutal basis for all
actý:, taken in response to your previous Army research and deielopment;
recor•ii•ndations. T!.- summary will appear 3. Ctt Maurice Fletcher's presentatin
in the' tisual tabular farm in the Conference on prosthetics developments, which gives
Reoort. You will note .from the following emphasis to Dr. Edson's andreas by indicat-
table that: iug a most important direction in which new

1. We are continuing action on the departures appear feasible.
human factors engineering Guide for.D<esign 4. Dr. Chapanis's paper on human fac-
Enenors.. rtos in systems engineering, which at last

-. We have taken action to arrange gives some rational specification to pre-
short- ccurse training in human factors en- viously vaguely understood notions.
ginevring at Ohio State University cnd McGill Finally, there are a number of people
"Univcr~.ity for 6 officers in 1957; and propose who shoutd be named as having earned our
to arrange establishment of standing quotas gratitude for the skill and care which they
for future years. exerted to assure tVie success of this Con-

3. Buoth Ordnance Corps and The Surgeon ferenrc. In addition to our host, General
General Corps have taker, action appropriate Calloway. our thanks go unreservedly to:
to your recommendations for human factors Lt Col Rhode. for his executive over-
enginperit obs,.rvations during Arctic and view of all arrangements;
icecap operations. Capta:n bridges. who arranged our hotel

4. Action ih underway to establish, by accommodation3
Army Regulation, a permanent Council for the Captain Rita Smith, WAC, who arranged
planning and coordination of human factors our messing and "social" facilities;
engineering conference matters. Messrs. George Danton and Nick Guido,

As respectst the present conference, the who handled our photographic and pro-
members of the Human Factors Engineering jection facilities;
Coef -enre Committee have been canvassed Mr. Hugh Mcraven, who handled our
for their viev.-q as to its "highlights." The technical services; and
concensus of their views, which largely cor- Mr. Reardon and all of the Conference
responds with the intentions of the planning stenographers, who did their work dur-
for this Conference, is that the following are ing and after our sessions to give us a
"highlights": record of our accomplishments.

1. Dr. Edson's keynote address, which To alloftheseandmore, goes arising vote
calls for new departures from the beaten of thanks as, at six minates after 2:00 p.m.
path; the Conference is Adjourned.
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ITABLE i.

tSUMM.N•j Y RU LI'ORTrTO 3rd ANNUA, AR M IUIUMAN FAG IORS ENGINEERING CONFERENCESON .iA'OQ! RECO•.MMEND,' VIONS OF ARMY ENGINEERING PSYCHOLOGY CONFERENCE
Army Medical Research L'boratory, Ft. Knox. Ky., 7-9 Nov 1956,

AND ON ACTIONS RESULTING THEREFROM

1 AC rIONS TARGET
R F.CO .M1 %NI)Aio ....... - TARI TAKEN TO BE TAKEN DATE

1. Aijment Arrmy III. fl 1 F fr,,n G/14, 1) r I w MG,
parti,'ipiitio: b C/Ord, CSigO, C/Engrs, CCmI0,
working desij,,n en- & C/T, dtd i3 Mar 56, subj:

a gineers from -ho "Joint Services Steering Corn-
Army Technical mitt-e fur the Human Engineering

inJS.jS 're- Giiidv t- Equipment Design" re-
paration of tlw.11114a1i a iuests designation of rzpresent-
Engine.ring Guicre for atives for review of "Guide"
Desirp Engineers. chapter. who are, or have avail-
(Cnrf. rer,:ce Repair', able to assist them, working de-
"Army lHuman En- sign engineers.
gineering Coifer- b. Letter from Army Member, to Based on Army re- Continuing
"rare, " the Pentagon Chmn, Exec Council of JSSC dtd views (info cys to
14-.IS )ec 55, 3 May 56, subj: "Army Partici- OC/R&Di of"GuIde"
page 15) pants in Human Engineering chapters, monitor

Handbook Review," based on re- production of
plies to above, informs all con- "Guide" via Exec.
cerned of Army's designated tech Council, JSSC
service participants &a authorizes
procedures for direct contact.

2. Inva tc CONARC's a. L tr fr C/R&D to CONARC dtd Same as I,. above Continuing
con.,idc ration of the 7 May 56, subj: "Participation of
advisability of its CONARC Boards in Work of the
Boards' partLcipating JSSC fur the Human Engineering
in the work of the Guide, " outlines the problem &
Co'mmittee. requests CONARC cmts on ad-
,Confcrcncc Report, visability of participation by
"Army Human En- CONARC Bds in critical review
gineering confer- of Gidde chapters.
ence," the Pentdgon b. Ist hd fr CONARC, dtd 29Jun
14-15 Dec i5, 56, con.ýurs ir participation of
page 15) CONARC Bds (including Arctic

Test Br. Ft Greely, Alaska), &
suggests channel for action.
c. Memo did 19 Jul 56 fr Army
Mbr, L•xec Council, JSSC to Its
Chmn, subj: "Army Participants
in Hum Engr Hani.book Review"
establishes channel per CONARC
suggestion.

3. Establish Army Human Factors Engineering Establis.h HFEC I Jan 1958
Human Factors En- Conference Committee (HFECC) Council as perma-
gineering Con-ference established. (See Appendix 2 for nent agmncy inArmy
on an Annual Basis documentation, Terms of Ref- Regulations.
(Conference Report erence, and membership.)
"Army Human En-
gineering Confer-
ence" the Pentagon,
14-IS Dec 55,
rplge ' __)
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ACTIONS -

REOMEDAIN -TAKEN TO BE TAKEN TRE

4. Establish a work- No a.ction deemed advisable at
ing group to deter- this time.
mpine content, quali-
fication;, & 1.ro-
cedures fu. training~
of officers in l,.r'ian
factors engti .rerr
(Rpt, 2nd Annual
Army FEngincerinp
Psyct.oloily Confer-
ence, 7-9 Nov 56,
page 21)

S. "There ar-* re- Human Engineering Laboratory,
quirements for R&.D OrdC, has establis~hed as normal
personnel to observe procedure; TSC* planning action
h~uman performance for present season.

... during Arctic and
icecap operations."
(Report, libid, page
2 2

)

6. '..Develop a No action deemed adviiable at
methodology for tie- this time.
termining the cost
differential (cccnt ex-
prebsed in broad
terms such as soaji-
power required,
dollars, time, etc.)
resulting from human
engineering changes."1
(Report, Ibid, page
22) _________________

7. OCR&D investi- Summer. 1957: 2 officers to Establish further March 1958
gate possibilities of short course at McGill Univer- c~uotas for such
Army officers' at- sity: 4 officers to short course training in 1958
tending sh'jrt course at Ohio State Universit)y. et seq.
in human factors en-
isincerirng.
(Report, lbii,
page 21)______
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APPEND!X I
ALPHABETICAL ROSTER OF CONFEREES AND GUESTS;

NAME ORGANIZATION

AIKEN, Mr. Marshall D. OCSigO, Washington. D. C.

ALLEN, Col. Williarn J. Army Chemical Center. Maryland

ALLUISI, Capt. Lar, A. U. S. Army Medical Research Laboratory,
Fort Knox. Ky.

ANDREWS, Mr. RobertS. Jr. QM R&E Field Evaluation Agency.
Fort Lee. Va.

BAILEY. Di. John W. Transportation R&D Command,
Fort Eustis., Va.

BAKER, Dr. C. H. Defence Uesearch Board, Ottawa, Canada

BAKFR, Dr. Lynn E. Office, Chief of R&D, Dept of the Army
Wash ngtun, D. C.

BAKER, Dr. Robert Human Resources Research Office,
Fort Knox, Ky.

BATES. Col. Raymond H. CONARC Board Nr. 5, kortV Bragg. N. C.

BESSEY, Dr. Otto A. OM R&E Center, Natick, Mass.

BOARDMAN, Mr. W. J. GM R&E Center, Natick. Mass.

BUKOWSKI, Mr. Henryk J. Engireering Maintenance Center.
Columbus. Ohio

BURKHALTER, Lt. T. H. OM R&E Ceter. Natick, Mass.

CALDWELL, Dr. Lee U. S. Army Medical Research Laboratory.
Fort Knox, Ky.

CALLOWAY. Brig. 01en. C. G. Commanding General, Hq QM R&E Com-
mand. Natick. Mass.

CAPASSO, Mr. N. S. HG US Army Chemical Corps.
Washinitas. 0. C.

CARNEY, Mr. William Iletroit Arsenal, Centre Line, Mich.

CHAPANIS, Dr. Alphonse Johns Hopkins University., Baltimore. Md.

CONWAY. Brig. Gen. T. J. Office, Chief of R&D. Dept of the Army
Washington, D. C.

CRAWFORD, Dr. Meredith P. Director, lIbman Resources Research Office,
Washington ?. D. C.

DAMON, Dr. Albert Harvard School of Puablic Health,
Boston, Mass.

DAVEY, Dr. Earl Army Chemical Center. Maryland
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DeTOGNI, Mr. G. R. Watervliet Arsenal, Watervliet. N. y.
DOMEY. Dr. R. G. Harvard School of Public Health,

Boston, Mass.
DUSE1Y, Dr. E. Ralph QM R~iE Center, Natick, Mass.
EDSON, Dr. James B. Asnst to Director of R&D, DIA,

Washington, D. C.

ERNST. Mr. H. W. Watertown Arsenal, Watertown, Mass.FILIPPI. Dr. M. 3. Office of Chief Chemical Officer.

FINE, Dr. B. J., QM RiCE Center, Natick, Mass.
FLETCHER, Capt. John U. S. Army Medical Research Laboratory,
FLETCHER, Cot. Maurice .7. Army Prosthetics Research L.aboratory,

WRMWashington, D. C.
FOSSUM, LA. Col. E. A. Hq USCO14ARC (MD), Fort Monroe, Va.
GAYDOS, Dr. Henry F. GM RiCE Center, Natick. Mass.
GILLEN, Capt. Frederick R. Hq Air R&D Command, Baltimore, Md.
GOLDSMITH, Mr. C. T. Picatinny Arsenal, Dover', N. 3.
GRAHAM, Mr. Donald 1. Jr. Redstone i.-senal, Huntsville, Alabama

GRIFFITH, Mr. Paul E. USASEL, Fort Monmouth, N. J.1
HANSEN. Mr. Alfred A. E. Ordnance Tank Antarctic Commant!,

Centre Line. Michigan
HARKER. Dr. George S. U. S. Army Medical Research Laboratory,

Fort Knox, Ky.
HARPER, Mr. Walter R. Defence Research Board Member,

Washington, D. C.
HARRIS, Dr. Frank J. -Operations Research IOffice,

Washington, D. C.
HASTINGS, Mr. Dwight L. QM R&E Center, Natick, Mass:
HEIDEL, Mr. William E. Jr. Rock Island Arsenal, Rock Island, Illinois
HIGHT, LA. Cot. James L. AFDRD, Washington. D. C.
HENNEMAN, Dr. Richard L'niversity of Virginia, Charlottesville, Vit.
HENSCHEL* Dr. Austin QM R&E Center, Natick, Mass.
HICKS, Col. Horbert C. Jr. 0/C R&D, Washington, D. C.
HILL, Cot. Charles W. R&D Division, OTSO, Washington, D. C.
HOYT, Dr. Ruth Dept of National Defence, Ottawa, Canada
IDES, Mr. Martin USASEL, Fort Monmouth, N. J..

*JONES, Mr. Clarke E. CM4 RiCE Center, Natick, Mass.
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JONES, Mr. Harold S. QM R&E Center, Natick, Mass.

JOSEPHSON. Dr. Edward S. QM R&E Center, Natick, Mass.

KARR, Mr. A. Charles Frankford Arsenal, Philadelphia, Pa.

KATCHMAIf. D0. L. T. Ordnance Human Engineering Laboratory.
Aberdeen Proving Ground, Md.

KOPIRICK, Dr. John L. QM R&E Center, Natick, Mass.

KRAEMER. Dr. Alfred Human Resources Research Office,
Fort Knox. Ky.

LA.'MDSBERG. Mr. M. L. OM R&E Center. Natick, Mama.

LANZALOTTI, Mr. Samuel J. USASEL, Fort Monmouth. N. J.

LEVIN, Mr. A. QM R&E Center, Natick. Mass.

LIPTON, Mr. Milton A. USASEL, Fort Monmouth, N. J.

LORENZEN. Mr. T. G. Jr. Ordnance Weapons Command,
Rock Island Arsenal, Illinois

LUND, Dr. Max W. US Naval Electronics Laboratory,
Son Diego 52. California

LYMAN, Dr. John University of California,
Los Angeles 24, California

MAHONE, Maj. Nelson A. USCONARC Avn. Bd.. Fort Rucker, Alubarmaa

MARKS, Lt. Col. R. L. Medical Lialson Officer, British Joint Serv-
ices Mission. Washington, D. C.

MATTHEWS, Col. Jack D. USCONARC Inf. Bd., Fort Benning. Georgia
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DISPOSITION FORM

FILE NO. CRD/J 5495 1; SUBJECT: Third Annual Army Human Factors Engineering
Conference

TO: Chier Chemical Officer FROM; C/R&D) PATE: 15 May 57 COMMENT NO..l
Chief of Engineers
Chiei of Ordnance
The Quartermaster General
Chief Signal Officer
The Surgeon General
Chief of Transportation

i. References:

a. Conference Report, Army Human Engineering Conference, The Pentagon, 14-15
Decemb r 1955.

ThReport, Second Arenual Army Engineering Psychology Conference, Army Medical
Research Laboratory, Ft. Knox, 7-9 November 1956.

Z. Referenced two conferences ha.t demonstrated great value to the Army. By improving
interchange of information concerned it aubject field, they have contributed to development
agency programs to make new weapons and equipment ever more compatible with the skills
and abilitiec of the troop. "*iw, .. v the.e .

3. In accordance with the terms of the two referenced conferences, steps are now being
taken to establish the subject conference as an annual occurrence, and AR 70-8 is being re-
vised according!y.

4. Arrangemenits atre being -nade to hold the next such conference at the Quartermaster
Research and Development Center, Natick, Mass., during the last week of September or first
week of October 1957.

t 5. Incl I presents a siimmarl, phasing plin of preparation of the conference program and
publication of the Conference Report. As a major elemenat of such preparation the plan calls
for establishment of a Human Factors Engineering Ccnierence Committee (HFECC), with
Terris of Reference as outlined in Incl 2.

6. It is contemplated that the revision of AR 70-8 noted in paragraph 3 will establish
HFECC. with duties and responsibilities substantially as indicated in Incl 2, as a standing
Committee for this purpose.

7. Request that you designate a representative of your office to serve as a member of
HFECC. Sw-h representative should have a broad knowledge of human factors problems and
programs of your office. He should be authorized to correspond directly with the Human
Factors Research Division, this office, or. matters concerning the proposed conference.

BY DIRECTION OF THE CHIEF OF RESEARCH AND DEVELOPMENT:

"Signed"

Z Incl T. J. CONWAY
1. Sumxnary Phasing Plan Brigadier Gentral, GS
Z. Terms of Reference Director of Research
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HIUMAN FACTORS ENGINE ERXNG CONFERENCE COMMITTEE

Term-. of Reference

I . Purpucev of the Conference:

a. Ta provlie improved interchargt of information an requirements. accomrplish-
ments, and future .lans among Army agencies cone~rned with human factors engineering;
and

b. To recornmend improvement of programs and procedures common to all develop-
ment and user agencits to make new Army weapons and equipment ever more compatible with
the skills and abilitien of the troops who will use them.

2. Purposes oý tlie Committee:

'lo represent develuprnent agencies and USCONARC In the planning of the Conference.
especiallv as regards determ-.nation of Confercnce:

a. Agenda topIcs, and presentations;

b. Membe-sbip;

c. Report format, o~rganization, and distribution;

d. Working Group compositions and missions;

e. Evaluation and fullow-up of recommendations,

and other matters to facil.tate the purposes of the Conference.

3. Members of the Committee:

The Committee will consist of:

a. A Committee Chairman to be a representative designated by the Chief. Research
and Development.

b. One member (seven in all), and an alternate, to be designated by each Chief of a
Technical S-ervice as anwledgeable of, and empowered to speak for, human factors engineer.
Ing requirements and programs of hid command.

c. Onhe member, and an alternate, to be designated by the Commanding General.
USCONARt..a-sFT~iowýeidgeable of. Und enipowered to speak for, human factors engineering
requiremerts as viewed by the USCONARC Boards.

Representation on Human Factors Engineering Advisory Counct!

ORGitNlZATION NAME

Office. Chief of Ergineers, Mr. Benjamin Goidberg
US Army Engineer Research &Mr. Lawrence W. Shanahan,
Development Laboratories Alternate

US Continental Army Command, 1A Cot Embert A. Fossumn
Fort Mon roe, Virginia Col Keith H. Ewbank.

Alternate

O Dep CCMIO Scientific Mr. trving B. Morgan
Activities, Waskington. D. C.

Director of Hurnar. Engineering Dr. John Weiss;
Laboratories, Aberdeen Proving
Ground, Maryland

Office, Chief of Ordnance Mr. Joseph Kaufman.
Washington, D). C. Alternate
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GRGAN!ZATION 
NAME

QMv R&t. C. .rnrnand, Natick, Mass. Dr. Henry F. Gaydoc
Dr. Donald F. Haggard, Jr.,

Alternate
0thi-e, Chief Signal 0tffir-r Mr. Marshall D. AikenWashington. 1,. C. Mr. Tolvo E. Hedman,

Alternate
Tranptpnrtation R&E Cn~yrnm~n. Dr. John Wendell BaileyFt Eustis, Va.

R&D Divis.ion, OTSG Col Charles W. HillWashington, D. G. Dr. Philip 1. Sperling.
Alternate
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1. VITAE

Alluisi, Vr. Earl A., Capt., NISC. Acting Head, Environmental Factors Section

PhD), Ohio State University. 1914. Area of Specialization: Engineering paycholcgy.

Caldwell, Dr. I.ý.e S., Psychop~tystologist

PhD), University of Kentucky, 1955. Area of specialization! Bliswnechanics.

Carlton, Dr. Peter L., Sp- 3 , Psychologist
Phi), State University of Towso, l955. Area of sn~cfalirstion: Learning theory.

Cramer, Dr. Robert L., Psychophysiologist
PhD, University of Roch'ester. 1954. Area of specialiaatlioa Vestibualar physiology.

Daubek, Gerald G_, MSp, Psychologist
MS, 11niversity of Illinois, 1955. Area of specialization: Educational psychology.

Fletcher, Dr. John L., Capt., MSC, Acting Head, Sound Section
Phi), llntvcrsity cf Kentucky, 195S. Area of specialization: Auadition and vision.

CGaidner, Dr. 11. Allen, 1,1 Li., MSC. Psychologist
PhD, Northwestern Un.iherslty, 1994. Area of specialization: Vision.

Gogel, Dr. Walter(;., Psychophysiologist
PhD, Unive rsity of Chicago, 195 1. Area of specializittion: Vision.

Guedry, Dr. Fred E.. Jr., 112ad. Motion 2ection
PhD. Tulane University. 1933. Area of specialiaation, Vestizilr Psychophysiology.

Parker, Dr. George S., He-Ad, Vision Section
PhD, State University of Iowa, 1950. Area of specialization: Vision.

Ilerbert, Dr. Marvin J.. Head, Control Coordination, Section
PhD,. University of Minnesota, 1953. Area of specialization: Motor skills..

Jaynes, O~r. WiI~i~m, let Lt.. MSG. Psychologist
PhD), Ohio State University, 1955. Area of specialization: Statistics.

Johnson, David E., 1st Lt., MSC. OptometristI
BS, Ohio State University, 1954. Area of specialization: Optometry.

Montague~, Dr. Ernest K., Lt. Col.. MSC, Deputy Herd, Experimental Psychology
Department, PhD., State U~niversity of Iowa, 1950 Area of sipecialization: Human en-
ginee ring.

Newton, Dr. John M., Ist Lt., MSG, Psychologist
PhD, Ohio State University, 1955. Area of specialization: Phtysiological psychology.

Riopelle, Dr. Arthur J., Head, Experimental Psychology Department
PhD, Univnisity of Wisconsin, 1950. Area of specializatioo: Sensory processes, brain
func tions.

Schaefer, Dr. Vernon H., 1st LA., MSC. Psychologist
PhD, University of Illinois. 1957. Area of specialization: Experimental psychology.

Silver, Dr. Carl A.. I st Lt., MSC, Psychologist
PhD., Ohio State University, 1955. Area of specialization.- Physiological psychology,
audition, human engineering.
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II. CURRENT PROIECTS

A. Control Coordination Section

I. In Service Research Estimated
Date Completion

Title Experimenter Started Date

a. Decrement in Driving Skill as a Herbert Jul 56 Dec 57
Function of Cumulative Euviron- Hlartman
mental Stresses. Jaynes

A battery of tests was designed to detect and measure driving skill fatigue. Test
results also %ere used to supply information on the question of basic factors underlying
driving skill.

Trained Army and Air Force personnel drove 3/4-ton weapons carriers on a cross-
country desert course for I, 3. 7 or 9-hour periods and were tested before, during, and
after the driving period fir evidence of changes in skills pertinent to vehicle manipulation.

Periodic measures were made of the driver's ability to (1) maintain a constant speed
over a prescribed distance, (2) come to a sudden stop (response time), and (3) maintain
vigilance by responding to the appearance of a colored light either reflected in the rear-
vision mirror or at a point 300. 600 or 900 from line of vision to his right at head level.

The test battery administered before and after driving the desert course consistec of
eight criving patterns. Each was de-4igned to elicit a different response-pattern which
appeared to be important in vehicle driving. Skill aspects incorporated in the various
measures were such items as: simple and complex forward and reverse manipulation
of the vehicle accelerator; jutch and bLAke courdii.atiiun utilization of auditory aod
kinestketic In.formation; and spatial judgment.

The tests given to subjects while driving on the desert course failed to clifferentiate
between the 1. 3. 7. or 9-hour driving groups. The battery of eight tests proved to be an
acceptable instrument for demonstrating increasing skill fatigue a3sociated willt increasing
length of the driving task. A composite score based on only four of the tests correlated
.47 with hours of driving. The reliability coefficient was .74.

A factor analysis of scores from the test battery resulted in the extraction of seven
orthogonal factors, three of which correlate significantly with hours of driving. These
have been tentativelyidentified as: (1) Gross Adjustment;(Z) Backing (simple); (3) Tracking;
(4) Backing (complex); (S) Parallel Parking; (6) Foot Coordination; and (7) Spatial Judgment.

b. The Influence of Control-Grip Angle Herbert Mar 57 Oct 57
on the Performance of a Manual Posi-
tioning Task.

Eighteen right-handed males served as subjects. Their task was to guide a probe
through a metal tube without making contact. Six tubes were positioned so as to reqire
some one of six diff-rent directions of arm movement from trial to trial. The handle
of the probe could be altered so that the angle between probe and handle could be set
at 750. 900 or I050.

Every subject uaed all handle settings and responded an equal number of times in
each of the six directions. Though accuracy of response was stressed, both accuracy
and speed measures were analyzed. Accuracy was not influenced by the different handles.
however, the 900 grip allowed significantly faster responses than did either the 750 or
105* handles. The latter two were not significantly different.

c. To What Extent Does the Location Caldwell Sept 56 Aug 57
of a Hand Control Affect the Maxi-
mum Forces Which Can Be Exerted
on It?
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Fi-e ihjecis xv.-ceo-.nployed in an investiqtiaton to determine the relative Influence of
V~evaV * :n. later.il pogeitimtu and distanre of a contro! or, the strength of 6 iiaar hard move-
t-i-iots. Fovr el,-v~tjnq, 4 lateral posttions. and 5 distances provided 80 control positions
'-AFich cvveretl nitst A, the working-space ot the right hand.

The control distances accounted for more of the observed variations in the strength
of thre r,,,vn, ent-; than did ejthc - the elevatiL,ns or the latex at positions. The control
distances strongly affected all movements, whereas the elevations and lateral positions
%ere selective in their influences.

d. 1:14- lridgrnuent oif Angular Positions Herbert Jun 57 Sept 57
ir, the flurizontal Plane, on the Basis Caldwell
of Kinesthetic and Visual Cues Alone
..nd in Comtbination.

Twenty-one subjects judged th. locatior of ang,.'ar positlofs from Oo to 900 In the
horiz.ontal pla,. Tl,eee cue condillo-is were presented: (1) kineshletic only, in which the

i-i rt-,,re i blindfold and moved his arm to a tlesignated angular poeition; (z) vision
cnly. where the subject, without blindfold and with hands in light, directed the excpert-
.~n-l-er in positioning a lone. luminous pointer. and (3) kines thet:c -plus -vision, in which
the %ubjct was a' wed to poqitinn. his arm %ilv viewing a luminoL3 pointer which showed
the posit ion of Ihi rm.-

-Perfornmance wa% most accurate for the subjects using only the visutI cue. The cam.-
bined cue condlilor, wa. hrtt~r. than the kinesthetic condition. )ut nAt significantly so.
Th~e greatest c;rrors of localization were obtained In the regiont between the mid-point
of the scale and the ends--that is. arourrl 300 and 700. This was true for all 3 cue con-
ditions.

e. The Effect of Joystirk Mass Hartmtan vlay 57 Sept 57
on Tracking Performance.

The study was t orcerneri with the efff ci of m-iss of the controlf(moment of Inertia)
on pc rforniance. I he joystick handles weig~hed I ot.., 8 oz., 16 oz., 24 oz., UL oz.. and 40
ounces. The optimral stick length (lIM in..) was lsed. Two conditions o!sesisitivity were
used--the bent had a sensitivity ratio of 2.85:1, and the worst had a sensitivity ratio of
Uj.5:1. The variables outlined indicate that. the stitty is designed to answer two questions:
First, what is the effect of control mass on accuracy of tracking? Second, is that effect
different fur large tra-kittg movements than for small tracking movemnens?

f. Decrement in D riving Skill Herbert Sept 5- Mar Sh
Associatted with Inc reasingp javnes
l ime of Exposure to Enivironmental
Stresses.

In the summer o! 1956 a study was conductcd at the Yuma Test S~ation to: design a
battery of driving performance tests that would aid In the Identification of some of the
basic response patterns required in vehicle manipulation; anti to measure changes in
these patterns as a function of ircreasing environmental stress.

The present study, to be done at Fort Knox. t4 an elaboratio iof the effor's of A year
ago. The battery of 8 tests will be further refined and some new tests will be added.

rwenty-four trained operators will drive 1/4 ton trucks (jeeps) on a "fatigue" course
on 8 separate occasions. Lnch man will twice drive for 3, 7. 11 and 15 hours with the
test times and driving periods so balanced that one-half of the driving will be done uider
daylight conditions and the other half during darkness (using hevadlights). The final hour
of driving in all cases will be done on a driving performance test course cump~sed of
12 sub-teste.

Data wVl L.e analyzed by correlation snd factoring techniques to suppily information
on the fol'owing points: (1) What are some of the specific skills underlying driving
ability? (2) How much does driving skill decrease as the driving task is lengthened?
(1) Does performance on the ttet battery reflect a difference between daylight and night
driving? (4) Doen temperature influence performance on the test battery?
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g. The Effect of Various Body Caldwell Sept 57 Dec 57
Supports on the Strength of
Linear Hand Movements.

The next study in the present series will deal with possible methods of increasing
the forces which an operator can exert on a hand control. The eftects of a safety belt.
shoulder harness, and auxiliary hand-hold will be investigatec. Tne forces exerted by
the operator on a hand control at diverse orientations to the body will be measured with
And without these supports.

h. A Theoretical investigation Jaynes Jun 57 Mar 58
of the Problem of Repeated
Measurements.

An attempt will be made to develop a mathematical model which will enable one to
specify the interrelations between experiments in which diiferent subjects are used
under each condition and those in which the same subjects are used under all conditions.

i. A Manual for Statistical Jaynes Dec 56 Feb 58
Computations.

This manual will provide formats for the tabling of experimental data and simple com-
putational directions for common statistical analysiet based on such tables. Notation will
demand nothing m~re than a knowledge of high school algebra. A section dealing with some
1~60 wiring plans for 01he lIM 60Z-A and 604 celculating punches will also be included.
Comments on experimental design and interpretation of results will be provided for the
more sophisticated reader.

J. A Methodological Study of Jaynes Sept 56 May S8
frackinR Scores.

Graphic records have been obtained of the performance during the first hour of
tracking by 30 naive subjects. These records include the target sigifal, the error signal,
and the graphic time-on-target signal. The problem is to find a way to convert these
graphic records Into numerical data while retaining a maximum amount of information
with a minimum amount of redundancy. Each graphic record will be scored in a number
of different ways. Each score will then be checked for reliability, and systematic changes
of these scores as a function of practice will he. nntkd. interrelations of the scores wil!
be made in order.to specify several relatively independent, reliable scores which change
systemrtically with practice.

2. '-. ct Research
- Date Completion

Title Contractor Started Date

a. ... rs Influencing Complex Dr. Richard May 1954 continuing
r.ion-Makinq Behavior H. Henneman.

University of
Virginia,
Charlottesville.
Virginia

Research activi:ies on the contract during the past year continued along the lines
developed during tfc preceding year. Some of the experimental studies have been con-
cerned with factors influencing choice behavior under simple responding conditions;
other experiments have involved decisions in more complex behavioral -.ituations. Studies
have been c.,rried on regarding: conditions determining the efficiency of multiple task
performance; variabiLs influencing choice behavior in simple response situations; and
the role of response restriction In the perception of ambiguous stimuli.

The fourth project area of a year ago (the effect of stimulus encoding on multiple task
performance) was abandoned to allow research on a new high-priority project derived
from the general problem of the consolidation of information from single and multiple
stimulvs sources. The initial study involved the effect of irrelevant information upon
complex visual discrimination. Research findings on this project would be expected to
apply to operatto7.&I situationa requiring the operator to "filter" relevant from ir-
relevant data while r:uonitoring various types of displays.
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b. Sensing Mechanisms and Control Dr. Edward Jun 1955 Aug 1958
of Fine Movements in P'erception, Girden, f~rooklyn'

....... Z4;~c.....'d ierf..raronce. College. Brooklyn.,-
New York

Impairment in the precision of pursuit tracking has been produced an a consequence
of interpolated work-activity. Taisl decrement in performance is tot revea*.d unless the

:rcie-eff.vL is carefully CC .!d-lhrelatively unskilled So,* the ;erf-.-mance
contintues to improve with no decrtment resulting from interpolated work; with suf-
t~rientv te~tinre So-, :hC lntzi..~lld work impairs the precisfun of the tracking per.
fc rmancc. With practice accounted 'for, work-impaired performance was realtiy demnn-
bte.tted with stationdry as9 we'! an nic~vtng targets, and was obtained ,oth with t-ie pressure
and the free -m oving control. The results suggest a greater Impairment of performance
with 'he free-movinuv contrni than when the prersurc co~ntrol wa* used.

c. Certain PhysiologIcal Correlates Dr. Robert B. Jin 1955 continuing
of Psyc homnotor' Func ifoning. Malmo. McGill

Universilty.
Montreal, Canada

The circulicy of the visiual tracking system has been revised In 'irder tco elfrminate the
need for d-c ampllifiers (witch drift and requilre adjustments) and for contact meter-relays
(which need r.-l enrpnptl Time ofr-targrt, distance off-target and error amplitudes may
still be scored and synchronl::.ea with the ctb:cr physlolog!ical measures. A vibratory
tracking svysen, was debigned and tested in severi!lsubjects. Dlata gathered so far indicate
the null point type of apparatus uqed in auditory tracking mnay also be used In vibratory
!racking. All-, c-l &r0 Oie fact that the vibratory units mnaw need redesigning so that
they match the mechanical impedance of the skin more closely. it seems feasible to record
action potentials, EMG's. EEG's, etc. without interference from the application of mechan-
ical vibration it, the body.

Tracings are continuing o-i sleep deprived- subject. Most of this perloA bag been ex-
pended in apparatus constructin"

d. Context Effects in Psychophysical Dr. William E. Jul 1957 continuing
Judgmen'ts. Kappauf. Univer-

sity of Illinois,
Urbana. Illinois

This ib a new project which has been in effect for less than one (1) month. There has
been no progress reported to date.

Context effects may arise in psychophysical iadlgrent sitLations as a fuiction oftwo
major variables '.hi.:h have to do vith the s,-hedu~iag o& trials: (a) the secluence of trials.
as determoined by the psychophysical method which has been chosen; and (b', the massing
of trials. Although these effects may be eliminated COMpletely in certain experiments by
using each subject for on'y one trial (as Ste,.ens has suggesetd), there are many experi-
ments in which complete data for single subjects are desired, it is therefore proposed to
determine to what extent cj)ntext effects may be reduced by judicious ch~oice of psycho-
physical inethod and inter-trial interval.

The present Acork would aim specifically at assembling data on the usefulness of the
so-called *'up-and-down" method in psychophysical measurement and would compare
results ubtained by this method with parallel measure on the same subjects obtained
by more traditional measurement methods.

Because it seems best to deal with methodologic it problems with respect to specific
content questions, it is proposed that the research be done with reference to the time
error, and possibly also with reference to stereoscopic depth perception. Stevens has
recently presented a view of the time error which relates it to effects obtained in the
use of category scales. This view is reasonable if the time error Is in fact no larger
than the method of constant stimuli haw revealed it to be. Results of the writer, however,
suggest that by the up-and-down method consplcuouslv larger time errors may be obtained.
It is therefore appropriate to obtain new data on the time error. It Is proposed to conduct
studies comparing the up-and-down method, and others dealing with the time error as a
function of time for visual brightness, for auditcry loudness and for lifted weights.
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B. ',d4ion Section

I . III Sel'ViLC Resea rci Estifflated
Date Cor.npletion

1itle Experimenter Started Date

a. The Influence of Lack of Harker
t-olirflation and L~epiece Johnson Mar 56 Julie 58
Dicf.ncusing Upon Stereoscopic
and Vernier Acuity.

Data have been taker, on a group of 24 subjects between the ages of 18 and 28 with
uncorrectel 20/22O visicn in both eyes. Experimental conditions sampled a range of forced
vergence from four prism~ diopters of divergewcetc sixteen prism diopters of convergence.
Eyepiece defuc~ising was sampled over a range from plus one tens diopter to mincs three
lens diopte rs. The tasks employed we re: fixation disparity alignment, vernier alignment and
stereoscopic rangl.-.g. The results ubtained indicate 'hat the influence of "out of collimna-
tion" upon stereoscopic ranging follows fixation disparity, giving ril.e to under-rangin:;
for divergence and ove r- ranging for convergence cf the optical systcm. Eyepiece deiocusin~i
influenced the obtained arultiee,. Follow-up experimentation, utiliz'ing ,.,rnditinniq of sym-
metrica! and asymmetrical vergence. is planned.

b. iicsponce of an Observer to a Harker Apr 56 Mar 58
Uniformly Illuminated, Unstruc -
tured, Visual Field.

Circuits fcr the Aii;amisig of fluorescent lamps have been purciiaeed and modified to
permit the'r application to small tubes. Illumination seen through v=uc lucite eye cups
provided with an aperture is matched to the illumination seen directly through the aperture
to present to the observer an illumxinated field of maximal exte:,t unbroken by didtiict
contour. Observation by the subject of illuminated targets in hiv field of view is possible
tbrn.la!. the apprtilre in the eer,,ra by the sap nf a apeni-Toflq-rtat surface. Preliminary
observatiuns Liave indicated that the situation Is sufficiently :ontrc'.cd to give rise to the
accomincdative searching characteristic of the "Whiteside Phenomena" or "High Altitude
Myopia."~ A trip to Northern Greenland is planned for mridsummer to permit dfirect per.
'toial obs-!rvation of ''White-o~it."

c. The perceptual Interrelation Gogel Aug 56 Aug 57
of Frontail and Stereopsis Extents
in the D,!termination of Form.

Using gtereopsis. the depth component of an object was adjusted to produce a designated
form at three distances from the observer. Itwas found that when cues to relative distance.
other thaa stereopsis were milnimnized, the ratio of the adjusted stereopsis to the angular
ti~tr of the frointal component was appror~rnately aconstant. The addition of extraneous cues
to relative distance was found to affect this result. These experiments are being considered
in relation to a previlouly developeu hypothesis concerning the factors involved in trans-
lating a sterer?sis to a perceived linear extent.

d. The Perceptual Interrelation of Gogal Dec 56 Sept 57
Frontal and Stereopsis Extents In
the Determination of P'rceived flepth.

Predictions made. from the previously developed hypothesis are being tested under
conditions in which a depth interval produced by stereopsls is perceptually duplicated
at different distances from the subjects. Measurements of apparendly equal frontal extents
and apparently equal depth extents are obtained In the same expterimental situation. Data
have been collected in two experiments which have been concerned with a relation between
perceived ratios of stereopsis depths and perceived ratios of corresponding frontal extents.

e. Perception of Continuous. Gardner May 56 Dec 58
Fluctuating Stimuli.

This project aims at the variables governing the perception of stimulus fluctuations in
a mon~itoring situation. At present the tasks employed to represent this form of perception
ronsist of estimati--~ by the subject of average past and future stimulus values and trends
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in stimulus values. Experimental conditions were administered to 492 basic trainees and
data were collected for 432 of these. There were 4 conditiuns of stimulus dateftninacy.
The number of stimulus value categories ranged from 2 to 5. as did the number of
available response categories. The influence of equivalence of stimulus value categories
and available response categories was also explored. Subsequent steps in the research
program will include fthrther ewplorati•- of fnetiona.l velatinn.hips discovered in the
initial experiment over a %,ider range of these variables.

2. Contract Research

Date Completion
Title Contractor Started Date

a. Effect of Noise on the Perception Dr. Mason N. Apr 54 Sep 58
of Forms in Electro-Visual Display Crook, Tufts
Systems University. Medford

Massachusetts

Experimental rcztultz on the rtcognizability of irregular forms under noise mentioned
in the preceding repcrt have been more fully analyzed. Recognition was found to increase
with decreasing noise and wi:h increasing difference between the test and comparison
forms. Recognition scores showed relatively little relation to area or perimeter of the
forms, or to area/perimeter. Sorne indication was found that tight-sided forms are more
recognizable than four- or sixteen-sided forms. In an experiment using familiar forms.
"natural" direction of contrast was found to have no significance for recognizability in
the experimental situation. The results pointed to better recognizability under noise for
test items printed In black on white than for those printed in white on black, regardless
of whether the natural forms are light or dark. A larger and more varied sample of ir-
regular forms has been constructed. The development of additional types of complex
backgrounds is in process.

b. Phychophysiology of Perce;tior, Dr. Donald Sep 56 continuing
B. Lindsley.
University of
California,
Los Angeles,
California

The general goal of the project is to investigate basic aspects of visual perception.
especially from a psychophysiologic viewpoint with reference to new -oncepts of neuro-
physiology. Tactual and auditory perception will be involved in some cross-modality studies.
The investigatinn will be concerned particularly with temporal factors in 3erception.
especially perception pushed to temporal limits. It is at this point that psychological and
neurophysiological data can best be integrated on a common time base. Some of the proposed
problems are as follows: (I) Factors in obliteration of pprception by a successive light
flash; (2) Perceptual consolidation time following minimal exposure; (3) Sensory and
perceptual interaction; (a) I .tersnsory dissociation. (b) Influence of cross-modality
stimulation on povreption, (c) F.fect of cross-modality stimulation on habituation; (4)
Effect of photic driving on perception; (5) Emergence of form or pattern in visual per-
c•ption. The outconme of bdsic utudies un the psychophysiology of perception can have
numerous applications in the field of military operations, particularly in the use of
technical Instruments which often tax the limits of perceptual capacity.

c. Some Perceptual and Physiological Dr. Walier Jun 5S continuing
Aspects of Uniform Visual Stimu- Cohen,
lation Univer.;ity of

Buffalo.
Buffalo,
New York

This is a new project which has been in effect for one (I) month. There has been no
progress reported to date.

E.E.G. records and other physiological measurements will be obtained under con-
ditions of uniform stimulation of the entire visual field (Ganzfeld) and when a differentiated
area is present. The Ganzfeld will be produced by use of special apparatus based on the
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princip'e of the photometer sphere. Special attention will be paid to the temporary cessa-
tion of ,'iz.., c.pcrience that occurs under these condition3.

Under conditions of inhomogeneity in the Ganzfeld, the follcwing phenomenal charac-
teristics will be studied: (1) color, (2) mode of appearance, (3) apparent distance. (4)
definiteness of contour, (5) shape. The following characteristics of the stimuli will be
systematically varied: (I) size of figure. (2) mode of appearance, (3) apparent distance,
(4) definiteness of contojr, (51 shave. The following characteristics of the stimuli will be
systematically varied: (1) size of figure. (2) fortm, of the figure, (3) boundary between
figure and ground (lines and points).

The results should contribute to the 6etter understanding of caone of the basic mech-
anisms involved in (I) fig~ire-ground segregation, (2) distance perception, (3) color
perception. (4) contour formation. From the military point of view, the results may be
related to the perceptInn of objects under conditions of relative uniformity# I.e., fog,
sncw, and sky.

d. Fluctuations in Night Visual Dr. E. Parker Jun 57 continuing
Acuity Johnson,

Coloy College,
Wate rville,

'Maine

This is a new project which has been in effect for one (1) month. There has been no

progress reported to date.

The purposes of the proposed study are two:

(I) To make clear the existence of these fluctuations which, though their implications for
night vision testing are important, have never been described at all in the regu.
scientific journals.

(2) To answer the practical question: "What proportion of young men of military age have
fluctuations--of what magnitudes, forms. and frequencies?"

The immediate goal, then, is descriptive. Later will come problems of explanation,
predictiun, control.

C. Sound Section

I. In Service Research Estimated
Date Completion

Title Experimenter Started Date

a. The Aural .h,-.load Test a, an Fletcher May 57 Feb 58
Indicator o' Susceptibility to Snyder
Noise Induced Hearing Loss.

Reference audlograms and aural overload thresholds were obtained for about 100 RY.'A
trainees prior to training. At the end of their 6 months training, audiograms and aural
overload threshold,; will aain be taken from the trainees. Analysis will be made to see
if initial aural overload threshold correlates with hearing loss at the end of training. An
additional portion of the study will be devoted to obtaining cumulative noise exposure
records for the subjects.

b. Attenuation Characteristics of Fletcher May 57 Aug 57
Four Ear Protective Devices. Silver

Two methods were used to determine the attenuation characteristics of 4 ear protective
devices (2 helmets, 2 headsets). A physical calibration of the devices was made using a
dummy head, then articulation tests were made using 96 human subjects in a simulated
tank noise field. Analysis was made to determine the rank of each device with regard to
attenuation.
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c. A Hlearing C(nservatitn Prograni Fletcher May St Continuous

:r. collaboiatihn with the Chief, Preventive Medicine, USAH, Ft. Knox, a I earing ,,n-
ser",atirn r. rograrn for Ft, Kni.x was initiated. Phases of the program include indoetrina-
tiul tid fitting of ear protective lev~cs on per!.unn-l working ini high roist level envlrc n-
inents, periodic audiopramrnmin of such oerst,nnel, with consideration biol given to
r•,t.,!" w personnel suffering losses frorm their woisy jobs until recovery is evidence'd,

d. The Auditorv "SharpeninR" Silver Aag 57 Jan 57
•'h--nomenon: 1. The. rDifr,.rent!-,i
'Ihreshold fur Frequ.ncy.

Tbh. delermination of the frequency difference thi-eshold about a stimula~ed poalut will
be made usinR recently diqcov~red intera..el inhibition to aduid the difficultieo imposed
hý beat phenomena.

I. The Auditory Sn..rpeoing Silver Aug 57 Jan 57
V ,en. mcnun: U. An Investi-
gation of thc Abqolute Thres-
nold tor Pure Tones in the
Prcsence of a Contralateral
Pure Tone Stimulus.

Using pure tone to produce contralateral inhibition the absolute thresheld for intensity
will be investigated in the region arourd the center of the en-itralatorxs inbibition.

L. Contract Research

Date Completion
Title Contrrcror Started Date

d. rhe Effect of Overstimulation Dr. Merle Jun 55 continuing
and lrter:,sl Factors on the Lawrence,
Function of tae Inner Ear University

of Michigan,
Ann Arbor,
Michigan

TIl-. revel xbove threshold at which the ear overloads is sppseentlv not Influenced by
conductivc lesio:s. Therefore this measure was compared with bone measnrements made
pre- and post-operatively in otoschlerotic patients. Results indicatea significant improve-
ment in bone conduction scores after fenestration or stapes mobilization whereas the
linear range of hearing, as measured by the aural-overload test, does not vary signifi.
Irantlv post-opcrati ely. For this reas Zn, the aural-overload test it; considered to be
more accurate than tihe bone conduction tesi.

Res ults of exanitations of scrtional ears of vibrated monkeys indicate that the
""t.olithic membrane of the utricle has been dis.lodged.

D. En.'ironmental Factors Section

In Servicc Research Estiriated
Date Completion

Title Experimenter Startcd Date

a. Eftect of Temperature Siresp Newton Jan 56 Sep 57
Upon Performance of Certa-n
Tracking Tasks.
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Movement and pressure tracking have been studied as a function of thermal stress.
These two modes of tracking are differentially affected by temperature stress. according
to a previous study done in this laboratory. The present sturiy attempts to determine
optimum temperature ranges for the two methods of control. Data Sollection has been
completed and a report is in preparation.

b. Behavioral Effects of Cold Carlton July 56 Oct 57
Adaptation in the Rat. Marks

Normal and cold-adapted rats are being compared on various aspects of instrumental
conditioning and extinction to deternhue behavioral concomitants of physiological cold
acclimatization. Rats are trained to press abar for 'heat reward' in low levels of ambient
temperature. Several reports in this series of studies have been pub ished, and others are
in preparation.

c. The Effect of Fatigue in the Newton Jan 57 Sept 57
Establishment of Stimulus
Equivalence.

Fc.ur tasks have been, given subjects in a manner designed to establish a 'response-
mediated stimulus equivalence.' Fatigue of some of the effectors involved in the responses
was introduced, "4ith the anticipation that the'fatigue'may Influence the degree of stimulus
equivalence obtained. DatA collection has been completed and data analysis is currently,
under way.

2. Contract Rezearch
Date Completion

Title Contractor Started Date

a. Neural Correlates of Thermal Dr. John P. Dec 55 continuing
"Sensations Nafe, Florida

State Univer-
sity.
Tallahassee,
Florida

The problem is to secure from sub-human mammals simultaneous records of(1)
thermal changes and (2) vascular responses. We assume such changes are accompanied,
in thebe animals as they are ir. humans, by thermal sensations: warmth, cold, heat, and
pain associated with extreme temperatures, both cold and heat. We are particularly in-
terested in the possibility that these thermally-induced vascular responses, in &r, skin
and other stiperficial surfaces give rise to the nerve discharges associated with thermal
sensations and that therefore the vascular elements involved are the receptors for this
type of siensitivity.

There is also son-i interest in the part, if any, played in thermal sensitivity by the
hair erector muscles.

E. Vestibular Section

I. In Service Research Estimated
Date Completion

Title Experimenter Started Date

a. Apparent Adaptation Effects Guedry Jul 56 Aug 57
in Vestibular Reactions. Cramer

Koella

One study has been completed a:ad others are in progress. The current studies are
concerned with a more intensive study of the growth of the apparent adaptation effects.
These studies will also provide information on (II the so-called directional specificity
of these 'adaptation effects' and (2) th~e recovery from these 'adaptation effects." The
seconr report iU .shi series is in prep;aration.
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h. Striu. . iud,'ing Postural Guedry Sept 57 May S8
Effeuts of Angilar Ar ecleration. Caldwell

Cromer

The vestib~ular systemii n conjunction with other response -aystems influenocs the
restinij Zc~ni,..........................amccnnpnatury acti-ity of a large number of muscles.
Angutlar accel..:ation prodaces a disturbance in veSL bular equilibrium which, among
other effeA, &'. rý,,luces comapensatory postural adjustrments. it is deuirablc to have
sensitive measuirement o*f the'ýe coinpensatory adjustments (1) to determine possible
sootle influence on pnychlmoltor 1-'f'-rrance and (.1) to provide an ludex of the vestibuiar
reaction whic h would possibly provide a continuous quantitative measure of the reaction

thogot ii course.

c. rurther Studies of Apparent Guedry Oct 57 Feb 58
Adaptation Effects in Human Cramer
Sobjects.

Our present studies of a'padt~tio' effects In-dicate a definite need; fui d-,tcrmining the
riagaiiude of tlfese effects un~der a va riety of conditions. Two additional studies are planned
to ainwer q~iuetie-ns con~cernin~g (11i, :.,~ ur ad~pli.tion effects on response latency of
subsequent stimuli, (2) ac'-"'.ulaitive adaptation effects with a number of short stimuli of
the i-ame direction an~d (3) '%ransfer" of these effects to higher magnitude test stimuli.

d. D~evelopmnent of Tecaniques Guedry May 57 Sept 57
for Ontajnir.,v Continuoir. Ceran
Estimates of Subjective
Velocity throughout Course
of Vestibular Re~r~ti-n's.

A number of techniques have been attempted Including (1) sub.-ect-controlled com-
pensatory motion of a small light source for perceived motion of a faint background
light, 1.!) continuonrs estimates of presernt speed zeljativr to speed in interval just elapsed.
(3) time estimates tA apparent rotation thrnugh 45 degreest throughout tihe course of the
vecti buir reaut~i,'A. our rc~carch thuc- far does not single nut any one of these methods
as cic..i, ... ;.i- Lo. toe ot~hers. it is anticipa~ted that refinement of at least one of these
methods will provide a useful techniqoie for future research. A report of part of this
work Is in preparation.

e. Neurophysiological Study of C ramner Jun 57 Sept S7
Apparent Adaptation Effects. Wells

Guedry

Recent work hps demonstrated the presence of changei in vestibular response to an
unvarying stimuluts. Eleetrophvisiological records will be taken at the level of the vestibular
nuc lei and, if pos sible, at the pc riphe ral nerve as it leav~es the cnd-organ during prolonged
constan~t angular acceleration. This should provide important inf('!mation relating to the
apparent adaptation effects already observed.

f. Perczption of Moving Objects. Guedry Oct 57 Feb 511
Gogel

A series of studies is planned concerning the perception of motion of objects, moving
tforniil.~ is much as 25 degreus visuial angle where the ma-nitude and direction of move-
ment are systematically varied. It is planned to measure errors ,f prediction of oli.
based upons observation of motion of the object.

g.Influence of Motion Sickness Cramer Sep 56 Oct 57
Prevmentive Drugs on Psycho- & others
logicAl Factors Involved in
the Performance of Various
Military Duties.-

The design of this study calls for the use of two motion sickness preventive drugs, one
with slight side effects and one with strong side effects, and a placebo. Attention is
focu~sed on th~ree 6isues: (1) the importance of time intervals after ingestion of the drugs.
(2) the side effects of ii." drugs, (3) the Interaction between the side effects of the drugs
and the time interval.
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h. Interactin of the Effects ,; Crlton Dec 56 Jul 57
ý4f Sod na Pentobarhit;l
,rId Alc&.h-,l upon Operar,t
behavior of the Rat.

Light dosages of sodium pentobarbital in water prod.iceda marked reduction in response
output, although neither the animals' motorahilltv nor its "alertness" were noticeably
altered. However, sodium pentobarbital in solution with propolene glycol and alcohol
pr,,Al, no rotMAle shift in respu,.e .-. tput. NtiLher the water solution nor the propolene
glycol solution produced a significant shift in"timing behavior" in rats. The report of
this work is in press.
i. Interaction of Vestibular KnPlla Aug '7 May 55

Stimuli and Electrical 6 Vest.
Stimulation of the Brain Stem. Section

This is an investigation of the effects of electrical stimulation of different regions of
the brain strn on tme nystagmic respon- of rabbit. It is believed that areas of Inhibition
and areas of faci'ital ion of the vestibular response will be located.

j. Differential Satiat"on Effects Carlton Apr 57 Aug 57
Under Fixed-ratlo and Regular
Reinforcement Schedules.
Water deprived rats were extensively trained on concurrent fixed-ratio and regular"reinforcement schedules. After their performance had stabilized, the effects of partial

satiation of their thirst on the behav'or generated by these two schedules were observed.
Satiation served to increa~c the durat,' ot periods of no responding under the fixed-ratio
schedule without altcring the response rate. On the other hand, responding under the
regular reinfo-cement schedule was un,.hanged.

Z. Contact Resear___
Date Completion

Title Contractor Started Date

a. Efiect of Large Displacement Bostrom Apr 57 continuing
Vibrations -n Hum.an Performance Research

"Laboratories,
Milwaukee,
Wisconsin

rhis is a new projec:t which has been in eff-.?t foer fn,' (4) months. There his been o
progress reported to date.

The purpo!.e of this research is to study the effects of vibration typically experienced
by drivers of trucks, tractors, and heavy eartn moving equlpment on human psychomotor
performance. The frequencies and amplitudes to be studied will be in the range of I to 8
cycles per secud with displacements between 1/16 of an Inch and 8 Inches. Approxi.
mately 40 subjects will be vibrated for periods up to three hours at various intensity
levels. They will be tested before vibration, at regular Intervals during vibraticn and at
regitlar intervals after vibration. The tests will include hand steadiness, body sway, bin-
ocular visual acuity, reartion time, hand tracllng. a vigilance test, and mental addithon.
The data gathered from the various Intensity levels wilt be analyzed statisticAlly against
a control condition. The analysis will be of mean perfnrmrnpre as well as variability of
performanc e. The deterioration in human pe.formance due to vibration will also be
analyzed as a function of time.

Ill. BIBLIOGRAPHY OF PUBLISHED REPORTS, 1956-1957
r....xpe-r--a- Psyc hol ogy D- en

US Army Medical Research Liboratory

Report No. 215, IZ January 1956. The sensing of relative distance. W. C. Gogel and J. A.
Schneps.

itLport No. Z16, 17 January' 1956. The jidgment oi. angular positinns in the horizontal plane
on the basis of kinesthetic cues. L. S. Valdw-ll and M. J. Herbert.
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Report No. Z18, 15 February 1956. The effects of noise on eye movements. J. Kralpskopf,
P. D. Coleman and R. Kalla.

Report No. 12 I, ?7 January 1956. The effects ot retinal image motion on contrast thresholds.
J. Krauskopf and R. Ka!la.

Report No. 223. 6 April 19'Ih. Frequency discrimination of pure and pulse tones. R. Cramer
and L. Zeitlin.

Report No. 225, 7 March 1956. Combined environmewal stresses afid manual dexterity.
Edwin G. Aiken.

Report No, 230, I I A;.ril 1956. A ficld study uf a vigilance task. Michel Loeb, Gabriel
Jeanthea i, and Lelon A. Weaver.

Report No. 231, 18 April 1956. A field study of rifle aiming steadiness and serial reaction
periormance as affected by thermal stress and activity. L. J. Peacock.

Iteport No. 232, 20 April 1956. Note on the operation of the standard electric timer from
storage batteries by use of s current converter. 1. M. Newton.

Report No. 233, 27 April 1956. The accuracy of constant angular displacement of the arm
in the horizontal plane as influenced by the direction and locus of the primary
adjustive movement. T, 5, Caldwell.

Report No. 235, 9 May 1956. The retinal size of a familiar object as a determiner of apparent
distance. W. C. Gogel, B. 0. Hartman, 0. S. Harker, K. Inaba, R. E. Page
and J. J. Cox.

Report No. 236. 23 April 1956. "R* TA"--A speclal purpose computer for studies in the
human control of complex equipment. Bryce 0. Hartman, Joln,, K. Wetherbee.
Wood row Rates and George Potenza.

Report No. 230, 24 May 1956. Judgments of visual velocity as a function of length of ob-
servation time. A. G. Goldstein and L. K. Williams.

Report No. 242, 23 May l756. Description of Human Rotation Device. F. E. Guedry. Jr. and
Harv-ey Kalter.

Report No. 245. 28 June a956. Graphic time-on-target: a tracking score with both qualitative
and qvantitative aspects. Bryce 0. Hartman.

Report No. 248. October 1956. Further studies on frequency discrimination of pure and
complex tones. L. R. Leitlin and R. L. Cramer.

Report No. 258, 31 January 1957. Judgments of visual velocity as a function of the length of
observation time of moving or non-moving stimidi. Alvin G. Goldstein.

Report No. 260, ZS March 1957. The speed and accuracy with which six linea-! arm move-
ments can be visually positioned from two different cnntrol locations.
Marvin J. Herbert.

Report No. 261, 18 Mar, . 19;7. Some effects of interacting vestibular stimuli. F. E. Guedry.

Report No. 263, 20 March 1957. The effect of target frequency on pursuit tracking. Bryce 0.
Ha rtman.

Report No. 286, % April 1957. The influence of intense noise on a precise fatiguing task.
M. Loeb.

Report No. 269. 3 June 1957. The effect of intense stimulation on the perception of time.
M. Loeb.

Report No. Z70, 25 March 1957. The effects of noise on work output and physinlogical ac-
tivatirn. M. M. Helper.
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Rep- rt N-. 74, Zi April Pi97. Tjer effect ~f target frequency on compen~satory 'racking.
l3rvcp 0. Hiartrman.

Report N( . Z71;, Z5 Xarcha 195',7 Nystagniic evernovcrncnts duringineracting vestibular stimuli.
F. V,. Gaedry, I.. J. Pearock. and R. L. Cramer.

Report No. 27?. 25 t.'arh 11157. zlesporsc arquisition and re,6crsal wader cold stress. Edwvin G.
AiPkc!

-Ropcrt No. 278, 7 N1. v 1957. The interrelation of vernier an~d stereoscopic acuities in the
niaki-.q of an equidistant. joidgtent. G~eorge S. Harker.

Report No. 27ci. 9 Mi-, :957. The eff-ct of joystick length on pursuit tracking. Bryce 0.

Rep'o:t No. 21'4. 17 Jarjarv 1957. A ?,!rvev o,.' hearing l..rnses among armor personnel. John L.
Fletcher and Lawarence N. Salomnon.

Report No. 283, 19 De,. amber 1qS6. B~ehavioral c.oncomitants of cold adaptation: 1. Rate of
.:esprtiling at 2.50 L. 1. J1. Peacock and R. A. Marks.

Report No. Z84, 10 Juts# 1957. Behavioral norittornif.'nts of cold adaptation: It. Rate of re-
spwudint- at -;` G. I_.j. r-edctk-l, am.' R. A. KfarkdS.

Report No. 289, 16 .unc: 1957 . The effecv5 of auxiliary tropical heat on manual dexterity in
the ccld. .J. Ml. Ne-.ton and I.. J. Peacock.

Report No. Z88. in press. Prcrise control manipulation as a futiction of control location.
hayir-n-m C. Sidorsky.

Report No. Zfiý, 28 -June V'57. Response reversal and fatigue. Edwin G. Aiken.

Report No. &Q93, ir. press. Adaptation effeets in vestibular reactions, r. E. Guedry and N.
Bebermav.

Re port No. 29 6, In presa. Pe -ceived fronti.1 size as a determ~iner of perceived stereos copic

depth I. W. C..Cugel.

Rep,,rt No. 2011, in press. ' Behavioral corcomitants of cold adaptation: III. Temporal de-

velopment of behavioral differences. L. J. Peaconk and R. A. Marks..

Re- irt No. ?99, in press. Heat a- a rcinforcement for operant behavior. P. L. Carlton

and R. A. Marks.

Report No. 300, in p-ess. Effects of variations in ambient temperature on certain measures
nf trArking -kill and senaory scensitivity. R. W. Russell.

R ~epurt Nzo'.301, in press, Differences in resprnse latency with different magnitude angular
accele.~ations. F. E. Guedry and G. Richmond.

Report No. 302Z, in press. Localization of sounds In depth. John L. Fletcher.

Report No. 304. in press. The interacting effects of sodium perntobarbital and two alcohols
or. the operant behavior of the rat. P. L. Carlton.

Report No. 308. In press. The effect of the extent of movement (control sensitivity) on pursuit
tracking performance. B. 0. Hartman.

Report No. *in press. Differential satiation effects under fixed-ratio and regular rein-
forcement *.,hedotas. P. L. Carlton.
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,.', ; press. Anz.•'•,s of abductive and adductive phaie* ofrmovement in con-
nn'Otx% tracking,. LS. 0. Hartman, Marvin Herbert. and W. E. -1aynes.

in pres-q. S;ounni localizition in depth and direction under three climatic
ý- :n.ii.tons .. awrence N. I:olomon and Paul D. Coleman.

Report N.,. in prews. ('li. relative loudness of pure and complex t.onem. Lawrence rL.

ri, rN 1,. p.re-s. \n•r )server constant in the perception of stereoscopic depth.

ir . H~a -einforced )perant bcha.rl.,. aha a !ý"tc~cs.n0 prolo-sged cold
e.p , Ire. L. t•a.lt:n and K. A. Marks.
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ORDNANCE CORPS

Human Engineevit-i Ac"tlvite,

T. U. S. Army t-raInance Iiman Engine-.ring Labcratory, Aberdeen Proving Ground, Mary-
LMId

1. Vitae

2. Gturrent Projects

5. Bibliog;raphy of Paubhsh'd F.oorts

II. Ordnanrc Weapons Command. Roek Island, Illinois
Vaa'

2. Current Projvcts

5. lBbho'raphy of TAflishcd :oeports

. II. Ordnince Tenk-Automotivc Command, Detroit Arsenal, Center Line, Michigan

I. Vitaef

2. Cu-rent Protects

IV. l'iratitiny Arsenal

1. Vitae

2. Currer.t Projects

.* . 3. ilibliography of Published Reports

V, Watc'rtown Arsenal

I. Vita

Z . Currcnt Projects

3. Bibll6g, aphy of PubOited Reports

VI. U. S. Army Ordnance Arsenal, Kedstone, Huntsville, Alabama

1. Vita

2. Current Protects

3. Bibliography nf Published Reports

VII. U. S. Army Ordnance Arsenal, Wrctervliet, Watervliet, New York

1. Vita

2. Ciirrent Projects

* 3. Bibliography of Published Reports
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I.I.S. ArmY Ordnanc(- Human Engineerlng Lalratory,
Alwterdet' lProvi rt, Ground,. Miryian'i

VITAr
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- 't r vi.-tlpUntvvprstv,

.e...-e . brt Fi., Supervisor', 'iE~nt~ir; er Mutro'an Factors)
'vt,,Nrtntwestern University, .1), 4

Drv~n~,f. Leon T., Pbychotogjst (111itnan Erittinee ring?
Nlt), Unhiversity of Maryland. 1954

Kturke. M~rtin I., Psychologist (Hluman Frngincering)
MA, University if Burifalo, 1952

Larkin, Jerome Dt., Flectric.-M Enginree Assistant. Private
WS, Manhattan Collette. I ir

1*~ -



Mack, Lois F., Psychologist
BS, Howard University. 1953

Mc Cain, Claude N., Engineer (Human Factors)
BS, University of South Carolina, 1950

Mcler, Calvin G., Engineer (Human Factors)
BSE. Davis & Elkins College, 1950

Randall James I., Supervisory Electronics Scientist
Johns Hopkins University

Reilly, Edward C., Budget Officer
BS, University of Rhode Island. 1953

Rose, Anthuny J., Mechanical Engineer Assistant. SP3
11S. Case Inetitute of Technology, 1951

Sande.., Lrnnard A., Social Science Assistant, PFC
BA, City College cf New York, 1956

Schultz, Duane P.. Social Science Assistant, Private
MA, Syrac'uqs University, 1956

Stephens, John A., Engineer (Human Factors)
BEA, Rhode Island School of Design, 1951

Smith, Frank W. Jr., Social Science Assistant, PFC
BA, University of Virginia, 1955

Sova, Bruno L. Jr., Electrical Engineer Assistant, PFC
BS, Worcester Polytechnic Institute, 1955

Torre, James P. Jr., Psychologist
BA, Adelpbi College, 1954

Van Huyck, Alfred P., Research and Development Coordinator, lst Lt
BA, Dartmouth College, 1955

Weiss. Dr. Edward C., Psychologist (Human Engineering)
P1,41, Un•i.etity ur Marylan.., 1954

Weisz, Dr. John D.. Supervisory Psychologist (Human Engineering) Director
PhlD, University of Nebraska, 1953

CURRENT PROIECTS

A. BACKGROUND RESEARCH ACTIVITIES

Project Experimenters Date Estimated
_Started Completion

I. R&D on Steering Control R. E. Jel~nek May 54 Aug 57
Devices in Track-Laying L. T. Katchmar
Vehicles

This is a laboratory study in which a driving simulator is being constructed which will be
used to evaluate driving performance of military personnel using five different types of steer-
ing controls. The ultimate goal of this project 13 to provide a facility which will permit a series
of investigations which will be designed to determinethe optimum type of steering control and
control deficiencies for track laying vehicles.

2. The Effects of Visual R. E. Jelinek Aug 57 Dec 57
Field on Simulated Driving L. T. Katchmar
Performance
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i i~i v e.~ 1- 1 .- ,1' i i4euied to de'trn anne I)- requircm nil. '4 tht visual sthmniviis field
Jr e:alu.t~rI iisnu,cted driving, perforni;.ncte.

of cont rol n cw.,required but differ in the amount of visual minfiyation presented.

I.An I-tvl'ation oI ,elected H. F. Pohiman Dee 5t6 July 57
R~ifle Siglits Under 'Iw' T. Katchmar
LeA*vets of .1 Iun xa~t ion

I us experiment evaluated two experimenetal rifo dpi-ts and te, standard MI sight under
two le~els of illumination and tinder conditions ctactual firing. The levels of illumination were~c~I and0-ft. canvfles. The experimental 4iglhts hzd previously beer- reported to permit the best
sighting ac.:ursicy inder low levels oW illumination when evaluated with the aid of static train-
ing' device.

T er suj'3; si-ig a highly accurate .22 caliber rifle, fired four 10-shot group. at a
(IUtani-e. of 100i N~rds tinder all conditions of sights dnd iLluminatcoa. The results indiate little
difference in m'zari radius accuracy ior the three different sights under Low Ellumsination. Ac.
CUraCy was greateit with the MI sight tunde. hiqh illumination.

4. An Evalust~ion of the Three W. Blair Nov 56 Jul S7
Proposed Sets of AAOC J. Torte
Radatr Symbols L. Sanders

Th~e three sets of symbols under evaluation were the W.WK, NIKE Iland NIKE 11 symbols.
L we,_ ~tidies were designed for this evaluation. The first study employed a tachistoscope to

tontain recognition threshalds for each of the, different sets of symbols under conditions of
PV .ninsz assigned to symbols and numuber assigneA to symbols. ThLtzsecond study employed a
..:iriulated P.1'.!. presentation which permitted the control of such Jactors as number of sym-
tbcl.; thec proportzur. c f symbols within a set. and distribution of symbols presented. In any
g.,sen >resentati,,n subjects were required to mark a certain type of symbol or symbols, as
arc: timely and quickly as possible. A total of 30 %ubjects participated In theme studies.

'I lie sesuits inlicate that the discernibil~it-' of a particular symbol is a function of the"o~tex f tyrnbols- in which it occurs. In terms of performance, the rank order of symbol
sett. w'ere HAWK, Nirsi.: ?-4 NIKF. 11.

'.An ln,,estigatitir -)f the L. Sanders Jurn !) Oct 57
I; I, Graphic, 11. :rt sen - J1. Tn rre

tat io. or Feelin~g States
!-ý Sym~~bolic i spo r

The attempt to aid radar operators in ic~entifying radar targets by the use of symbols
requires that a set of s,enbolls be devi-sed which will be easily discriminable, sufficiently
dlff,'rent trom each other to avoid confusion between symbols, aind Immediate action symbols
be easily identified under conditions of high symbol saturat~on.

'Ihils investigation is an attemnpt to determiz.c wether there exists within the military
population any COMITnUnality In the graphic depictiontof such feeling states am hositility, friend.
enemy. etc. Lt any communality is found to exist the .iyn.ioa will b~e usted to derive a refined
set of mymbols which will be evaluated under simiulated radar conditions to determine their
effectiveness for identification of targets.

Graphic depictions will be obtained from 200 subjects under group te~sting conditions and
50 subjects under individual testing conditions.

6. The Motivational kLffects N. H. Assin Aug 57 Dec 57F
Of Rest Periods on L. A. Sanders
Performance

Characteristically, performiance over extended periods of time exhibits progressive dec-
rement. Th's performance decrement has been variously explained by concepts like fatigue.
boredom, and %nonoton). A number of methods have been discovered which, when applied,
appear to eliminate, reduce or forestall performance decrement. One of the many methods
used is the injection of brief rest periods.



IN,

The present study is concerned with the use of rest periods to increase performance.
There - ýnme evwfence to indicate that rest periods possess an inherent motivating vdlue
above and beyond simply providing time for "fatigue products" to dissipate. The present
expe'riment iq desiVned to (t) investigate the hyFothesis that rest periodsdo possess motiva-
tional value, and (Z). to explore several variables which may affect this motivational value.

7. The Effects of Noise on N. H. Azrin Dec 56 Nov 57
a Vigilance Task

Apa-. from its effects on hearing and communication, noise is generally assume-l to ex-
ert a detrimental effect on performance, however, in the literature there are reports of no
effect, detramental effects and beneficial effects. To sAy the least the results are ambiguous.

Ti;, present experiment was designed to systematic dllv invesLilgate the effects of various
noise schedfles, ranging from continuous noise to brief bursts of reponse produced noise, oil
a task which requires a high degree of attpntion. The task employed requires that the subject
make a response as soon as *,v 1-tectste stimulus. In order to observe whether the stimulus
is present the subject is required to make another response which permits a brief vieow of the
ntimulais field. It is this"looking respotse" which will provide the major portion oi the data
for this experiment.

8. Physiological and Psycho- S. A. Hicks Aug 55 Continuing
logical Effects of MuzzlI J. J. Romba
and Breech Blast L.T. Katchmar

This program represents a coordinated effort on the part of the Human Engineering
Laboratory, the Shock Tube Facility of the Ballistic Research Laboratories and the Chemical
Corps Medical Laboratory. The prngram was initiated to determine the effects of blast para-
meters on various types of performance. Because of the obvious hazards involved the pro-
gram was initiated on an animal Level. The toverall program eonsists of three phames.

The first, or physiological phase, has as its goal the determination of lethality limits in
addition to determining the groes physiological damage resulting from sub-lethal blast pres-
sures. Three conditions of exposure have been used: (I) direct exposure to blast waves, (Z)
exposure in a side chamber and (3), blind flange exposures. Under direct exposure conditions
sutjects are exposed to a combination of pressure and wind loading which produces body
translation. The side chamber permits exposure to normal shock tube pressures but elimi-
giateb thv fALtor of wind loading. The blind flange eliminates wind loading and permits higher
overpressure durations thar. could normally be obtair-d by utilizing 'he phenomenon of re-
flected pres$ui re.

Data has been collected on IZ animals. The determination of lethalitv limits will depend

primarily on the limits of the shock tube. In most cases Fastax motion picures were obtained.

The second or Psychologlca! phase, has as its goal the effects of blast on psychological
behavior, e.gf., learning, retention, motor Lu.rdinatinu The first group of animals has been
trained on a battery of tests developed at the Wisconsin Psychological Laboratory. It is
anticipated :hat , xposure of the". animals to sub-lethal blast levels will begin during August.
Both siu•ile and multiple exposure are planned.

The third phase involves the development of a wide variety of mental, motor and motiva-
tional tasks toc adn~i,,i=itered to operators of artillery weapons before and after scheduled
firings. An attempt will be made to scale any observed behavioral changes according to the
pressures which are characteristic ef particular types of weapoor..

9. Development of an Optical R. Donley Mar 56 Sep 57
Projector for Simulated
Radar Studies

Research on current and future radar problems is often itmited to or depc!.dent upon the
development of adequate electronic equipment. For example. the presently available electronic
equipment for research on radar symbols is limited to sine wave derived symbols. An optical
f'rojection system isbeing developed as an interim item which will permit the isolation of those
significant display variables which should be further investigated with actual electronic equip-
mnont. The equipment in this manner will aid and provide guides for the development of future
electronic facilities. The optical projection sysat"e wl'.1 be capablc of presenting both static
and dynamic displays.
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10.N-v'~opoien~t ,f Radar J. 1. Randall May 56 Continuing
Siool~ttijn Equipment M. 1. Kuke~k

J. A. Stephens
* C. N. McCain

The goal cif thiis dvevc;opmrnnt prograin is t( provide ;I masl.-r facilit-, -hich will permit
tiA '.eitigatirn of a wi'L s'ari.'ty Mf p~:ychologie at and *iectronic variable%; in the display of

radar Information, in addi, on to its imoportant e as a research tan', this Lautii~y .. O
caahnei of Orii ml-eliof for evil uation, cntnplvtV tactical Situations which are anticipated for

'an ',u ,s of -- p-~s systems.

At prest-rit an elect ronic syst#-ro has been deovelopeeI while, i% ciapale ni displaying a wide
va r ity Y f i ,".. wae,.- "fr i e-hý...Is on an M 3 scope. .Studies utilizing this simulating equip-
mirot will tcg~n ver y Oiortlv.

5i. SYSTFlM~i EVAL.UAvIoN AC2TIVITIES

I.. L.A.A. WvAp:.n S emC. N. McCain, Jr. Oct S6 Continuing
(Tow-`! V, rsi.,, G . Weiss

!. . Kurke

This is a -, ti-;i~iiý program to provide hurnian (actors design requirements for the de-
velopnit-ot of this system.. Tho forming of this ,requ~rements is the outgrowth of personnel
expFe iv..-,- w-tl! mirnar syst(ems, literature re~view-; and controlled experimentation. At
pr ese!nt w ýW.ep,-r'myt s are unde' way. The first experiment is designed to determine the
least neagnifiaio%:i ,. equired to deocet airborne targe-ts at a specified range. Auxiliary to thia
.vill 6( thi- inve,;ticuations of an optimial field of view for the dcttrrined level of magnification.
rici S. corrd .-xpvrini'Tt is detsignevd to Investigate tra, king efficiency using varying degrees of
-3pvrator and trackinig mount articulation.

Thi. p-)prar, -H! It-rinmate. wet)- An e'valuat~rn of the develat-d. weapon system.v

12. F-.ih'ateon of Spec if.c
Mis sil.ý Systk-ms
LýACPO'SSk L. EIstrine Jun 56 IGesntinuieeg

C. Vs )ter
r)APT E. W..iss Aug S7 Continuing

J. Torre
C. Cruse,

RFflT'' E. Weiss Nov 56 Continuing
L. Feldman

Tii, ditzials of -t.i h oi the.,e systems are yar'ously classified from confidential to secret.
Thcse programs represent a continuing effort to provide contractors with the necessary
sp-.'ific luman factors informoAtion to insure operational effizaeeecy of the fully developed
missile syst

cm.

This typt of activity den eands that project personnel hecome thoe'oiighly familiar with the
mTilitary characteristics and the tactical situations envisioned for the system. Following this,
detailed consualtations are held weith contractor personnel to insure proper cognizance of
humnan faitors reequirrn-ans ire the design of the system. In mank, cascs laboratory. experi,-
ninniatlon is required to solve human engineering preetllemns. An evaleahion of Lomponient items
is performed as soon as the items are available in order to discover any deficiencies. Each of
these programs wilt culmvinate in sn evaluation of the ct-mplete operational system. Some of
the rmsin factors taken into consideration are:

a. Reduction of error likely in situations encountered in the assembly of the unit. han-
dingR of component items, checkout procedures. and possible utter ahnn#- af e'-jein ent.

b. The efficiency with which trained operators can aet up and use the equipment.
c. Environmental factors which might affect the efficiency of the system.
d. Deriving detailed standard operating procedures for the systern.

The three system evaluations enumerated is in various stages of completion.
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13. Missile Systems:
Contra.-t Monitoring

HAWK J. A. Stephens Jan 55 Continuing
M. 1. Kurke

TALOS B. Moler Mav 57 Continuing
SERGEANT 3. A. Stephenss Dec 56 Continuing

E. C. We$ss

The efficiency of any missile system, regardless of type of design, is dependent to a large
degree upon the ability of the using personnel to operate the equipment as the designers in-
tended. This man-machine relationship has frequently been neglected in the past. primarily
duc to the fact that the necessity for such considerations was not urgent in the relatively
simple systems then in use. In the extremely complex weapons systems now under develop-
ment, this "human element" has become one of the most important factors in the design of the
system. In order to render the full measure of effectiveness, the human engineering problems
must be considered frorm the Initial design concept.

To insure that these vital "human factors" are receiving the attention and design con-
siderations merited by their importance, the Human Engineering Laboratory has been re-
quested by R~edstone Arsenal to monitor this aspect of missile development being accomplished
by prime contractors.

It is anticipated that human engineering monitering will become increasingly important as
fiature missile systems are developed.

C. INFORMATION DISSEMINATION L. Mack Continuing
H. Ferrero
J. Hornbeck

To keep Ordnance engineers abreast of the rapid advances made in human engineering an
activity was created whirh has the rcsponsbility ofedisseminating valid human engineering de-
sign criteria to Ordnance engineers in a form that is practical and understandable. Even the
most engaiing and promising work can remain unused unless read and digested by those who
plan and develop equipment. P;ruper emphasis on pertinent material illustrations, photographic
layouts, and other publication techniques is employed for best results. Two publications are
published regularly, a "Data Report" and a "Newsletter."

D. FIELD LIAISON ACTIVITIES D. X. Andrew Continuing
E. A. Van HuyckC. D. Congleton

The purpose of this program is to gather human engineering data pertinent to Ordnance
materiel assigned to combat organizations. The data are gathered from military personnel
through questionnaires, interviews, monitoring maneuvers, and other means which lend them.
solves to this problem. The data obtained through this program are evaluated by the Human
Engineering Laboratory and reduced to design criteria which are disseminated to Ordnance
design arsenals or other interested Department of Defense agencies.

Current surveys include:

a. Co..pariz-on of M59, T113 and T117 Light Personne! Carriers
,. Atomic checkout procedures

C. Field problems in the Arctic.

BIBLIOGRAPHY OF PUBLISHED REPORTS

TM No. 26 27 Sep 1956. Human engineering survey of armored infantry vehicle. M59.
1(U) Evan Charney, Anthony J. Rose and Louis T. Lee.

TM No. Z7 29 Oct 1956. Driver's position in tanks: a field evaluation of the prone posi-
(C) tion. Harry F. Pohlmann. Jr., and John E. Leopardo.

TM No. 1-57 8 Jan 1957. Systems evaluation ofthetank, 76mm gun M41AI. Martin I. Kurke,
(U) John A. Stcphens, RoLert Dell, Ernest E. Fusco and Arthur L. Taylor.
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TM No. Z-57 June~ 1957. Humiran engine i ing comoparison study of the ground guidance
(C) stations of Corporal missile syrttm type ilIandtype 111. Alfred P. Van liuyck,

Theodore W. Miller and Bruno L. Sova.

TM No. 3-57 March [957. Plhytic-al force probler-is: 1. Hand crank performance for vani-
(U) oitc crank radii and !orque load comrbinations. Leon T. Katchm ar.

TM No. 4-57 April 1957. Human Engineering field ..urvev of Z80mm gun and transporters.
(U)1U. K. Andrew, T. W. Miller and C. 3 !,icnsill.

TM Nv. 5-57 In Press. Optical Systems and Aerial farget Detection. Martin 1. Kurke and
(U) Claude N. McCain, Jr.

TMd No. 6-57 In Press. A study of cold %eather org'nlzational maintenance problems.
(U) Dwight K. Andlrew, Albert S~. k~acon and Ant1 .ony J. Rose.

IN! Ns.. 7-57 In Press An evaluation of selected rifle sights under t%%o levels of illumina.
(U) tion. Leon T. Katchmar, H. F. Pohlmann

TM No. 6-57 in Press. An evaluation of three proposed set.; of radar symbols. Wesley C.
(U) Blair, James P. Torre, Leonard A. Sanders

TM No. 9-57 In Press. Literature Koview: Tracking control mechanisms and displays
(U) CL~ght anti-aircraft system oriented). Samuel A. Hicks.

TM No. 17-2 February 1957. First interim re port- -Psvcholog4 f*tl ardphys,.ological effects
(C) of muzzle and breech blast. Wesley C. Blair.

11. ORDN4NCE WEAPONS COMMAND

VITA

X Lorenz~en, Theodore G., Jr., Ordn~knvr Fngineer, ES, Bradlely U'niversity, 1951

4 CURRENT PROJECTS

10 The Headq-iarters Ordnance Weapons Command, Rock Island, Illinois, coordinates the
human enginee, ing program of the Ordniance Weaporns Command on all mission items. TheI ~actusl studies and eval-1.tin-5 of the development items take place at the knember Arsenals
assigned development support responsibility for the end item. Prrincipal coordinstion emphasis
is being placed on the following systems.

I. Vigilante (U)

Z. Little John and Honest John Helicopter Transportable Ldunchers 1U)

3. Octopus (U)

111. ORDNANCE TANK-AUTOMOTIVE COMMAND

VITAE

Carney, William H.*, Coordinator, Enginpering Design Br-anch,
MS, Michigan State University, 1957

Hansen, Alfred A. E., Human Engineering Sperialist

LLB, Detroit College of Law, 1927

Smith, Danie! F., Chief, Special Engineering Branch, R&D Div

CURRENT PROJECTS

Human engineering analyses were made of the foi'owing vehicles:

1. T95, at Detroit Arsenal, Centerline, Michiga-i
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2. S. P. Artillery Vehicle T236, at Pacific Car and F'- zndry Company, Renton, Wash-

3. S. P. 105mrn Howitze'r, T195, at Detroit Arsenal

4. Air Transportable Armored Multi-purpose Vehicle, at Detroit Arsenal

5. Transporter, Double End, Combat Vehicle, at Detroit Arsenal

6. Truck, Aircraft Servicirg, 3/4 re.-.. 4n#. at Detroit Arsenal

7. Truck, Tractor, 25 Ton, 8x8, XM-375, at Reo Motzrs. Lansing, Mich.

8. Truck, Cargo, 5 1.on. 8x.8, XM-382, at Detroit Arsenat

9. Truck, Utility 1/4 ton 4x4, XM-151, Ford Motor Co., Detroit, Mich.

10. Truck, C2iju, 10 oTon, 8x8, XM-409, at Detroit Arsenal

1I. Truck, Fuel Tank, 10 Ton, 10x4, at Aberdeen Proving Ground, Md.

1Z. Carrier, P eronnel, T113. at Food Machinery & Chemical Co., San Jose, Calif.

13. Tank, T9Z, at Aircraft Armament, Inc., Cockeysville. Md.

14. Vigilatite Vehicle, at Detroit Arsenal

IV. PICATINNY ARSENAL

VITAE

Goldsmith, C. T.. Head, Human Engineering Unit, MA. Fordh.am University

Peters, G. A.. Psyvhologist, MA, Temple University

Seminars, J. L., Psychologist, MA, New York University

Strauss. P. S., Psychologist, MA, New York University

Worm., P. F.. Psychologist, MS, City College of New York

Wright, N. L., Psycholagist, MA, Fordham University

CURRENT PROTECTS

Human Enpineering tasks at Picatinny can conveniently be grouped into four major types:

I. Equipment D n. Based on material available in the l'terature, the exprience of
the Arsenal's Kngoir.r-rinvo Peycholog.sts. and relatively informal cxperimentatiun, design
recommendations are made to engineers. Up= request of the project eng.ner, end-item de.
"velopment contracts are monitored to insure that contractors are making proper use o1 hun'"n
engineering principles. The equipments considered range from complex missile warhead teat
and checkout equipment to relatively simple fuzes and timing devices. Currently, seven items
are being considered. Where required information is not available in the lite:'ature, supporting
research tasks are initiated.

2. Supportin Research. The following tasks have been undertaken to provide informa-
tion urgently needed for design purposes:

a. Radioactive Illumninants. Preliminary studies (TM Nos. 17aud 19) hav e shown the
feasibility of Va-c1"iRing many Ordnance information displays with self-activated phosphors.
Studies' are now underway to determine optimum colors, brightness, character sizes and ap-
plications. (Wright, Seminara)
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b. Control/ Din IL&y Ratio. An investigation to determine o1 ,tiraus&uCI'Dratio, torque.
and control ofki ?orisiting ,iiuirti- revolution counters is presently underway. (Wright, Gold-
Smith)

c. Rotar Knob Torque. A study aimed at determiniaeg maxintum torque which can
be applied to vWaric-us size knobs is in progress. (Worms, Goldsmith)

3. Egyipment Rev.iew. The unit to often called upon to evaluate specific design3 in
terms of the ability of using troops to handle the equipment in the field. These evaluations
may be comparative or absolute, and are usually accoviplished by means nf ad hoc experi-
ments. (See list of published reports for examples.)

4. Systems Anal)'sis. Although a complete man-machine system is considered in every
* ~task, some pr..jects appear to be mainly concerned with th~e effect of several a3pects of human

performance on system output. The following are current tasks:

a. 3.5 inch Rocket Sy~tstmOuinetgio to determine the output of increasing

ballistic accuracy, while decreasing aiming accuracy and time-to-fire, is being conducted.
(Straussj

b. An evaluation of the nature and extent of human errors in artillery accuracy in
relation to ballistic and other errors is presently underway. (Strauss)

c. An experimental and analytical study of the effectiveness of anti-perst nel mine
fields in relajion to distribution and visual detectability of mines is currently underway.
(Peters)

I. An investigation of the ranging and stiming error of a small caliber weapon
system :1. b.~I..i cond..ct... (Straasi)

S. Miscellaneous Activities

a. Human engineering personnel consult with design engineers with regard to
optimumr design of specific equipment.

b. Effort ii being devoted to monitoring the activities of a Human Engineering
Laboratory Field Liaison Team. This team is presently performing a field usage survey on
atomic weapons for this arsenal.

c. A Human Engineering Bulletin is published peid'lyto give designers needed
techinic-al information in digest form.

BIBLIOGRAPHY Gia kUBLlbHED REPORTS

PA Technical Report No. 2415 Vistial detection aftripwires for anti-persc~n.rl- mines (Peters.
Drum) Jt.ne 1957

TM N-. 10 rlov. 1956. The amilysis of human factors in weapon systems.
fU) C. T. Goldsmith

TM No. I I Jan 1957. A human engineering evaluation uf two safety bandi Asserriblies for
(U) Rocket Fuze M405. J. L. Seminara

TM No. 12 Feb 1957. Human Engineering recommendations for the design of the display
(C, of it mechaniral interval timer. Drum.

TM No. 13 Feb 1957. Preliminary lurnan engineering recommendations of the design of
(11) a timer and associated code wheel devk.e. J. L. Seminar&

TM No. 14 Mar 1957. Dczlg-, rec .. ~.. s-.tions for the. XM77 Adaptation Kit.

TM No. 15 Apr 1957. Visual detection of gtravel items. J7. L. Semninara, G. .. Peters,
(51 C. T. Goldsmith
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TM No. 16 Apr 1957. Methodological applications of human factors it. operations re-
(U) search. G. A. Petere. C. f. G~oldsmith

TM No. 17 May 1957. Detection thresholds for ra&oactive self-luminous panelinarkings
(U) at night. J. L. Seminara, C. T. G~oldsmith

'rM No. 18 Jun 19S7. Sightless ai-sning of T48 (CLAYMORE) Mines. G. A. Peters, C. T.
(C) Guldsmit h

TM No. 19 Jul 19S7. Psychophysical investigation of thresholds for alphame,'4-
1
. char-

(U) actt-rs backlighted by rad.oactlve illuminants. N. L. Wright. J. L. Seminars

TM No. 20 Jul 1951. Rain loading of artillery ammunition by men: 71. Experimental
(IT" ramnmi-ig. C. T. Goldsmith

T M N o. 21 Jul 1957. Conversion of visible height cover functions to presented target
(U) area. G. A. Peters. Gross

TM No. 22 Jul 1957. Design recgmnmendations for a Nuclear Timer and associated Scroll
111) code device. J1. L. Seminara

TM No. 23 In Press. Design recommendations for the XM86 Adaption Kit. J. L. Seminars,
(S)

TM No. 24 In Pre,.. Arming Torque in the T37E4 Mine. P. F. Worms
(U)

TM No. 25 In Press. An evaluation of opening devices for metal containers under arctic
(U) con~ditions. P. F. Worms, P. S. Strauss, G. A. Peters

TM No. 26 In Press. Hluman surface area: sLstimate for the determination of the lethality
(U) of weapons. G. A. Peters, Gross

TM No. 27 In Press. Color coding of equipment design. G. A. Peters, C. T. Goldsmith

V. WATERTOWN ARISENAL

VITA

Ernst, Harry W. Ordnance Design Engineer

CURRENT PROJECTS

Human IacAurs projert- have been candkiCted In the design of 0ge XM33 L~autijier and
presently on the Vigilante. Bioth of these projects are classified.

VI. U.S. ARMY ORDNANCE ARSENAL, REDSTONE, HUNTSVILLE, ALABAMA

VITA

Graham, Dlonald I., Jr., Technical Advisor, Field Protective Measures and Human Engineer-

ing, CE degree, Northwestern University, 1937

CURRENT PROJECTS

This arsenal has current and c'ontinuinF human factors studies involve-1 with the following
guided inissile Dr'.jects. In brackets are the contractors or other grolips having an active
interest in su~ch studies ".d iunded Uy this arsenal ulircctly or indirectly:

1. DART (Aerophysics Dov Corp -HEL)

2. LACROSSE (Martin Co . EL)
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3. SERGEANT (JPL -HEL)

4. HA'WK (Ra.ytheon Corp - Dunlap & Associates -HEL)

S. NIKE-AJAX & HERCULES (B'IL - Dcuglas Aircraft)

6. TALOS (RCA)

VII. U. S. ARMY ORDNANCE ARSENA4L, WATERVLIET, WATERVLIET, NEW YORK

VITA

DeTogni, Gino R., Ordnance Engineer (human factors). B.S. in Physics, Union College, 1951

CURRENT PROTECTS

1. VIGILANTE

Z. Pivot Chamber

3. Environmental Studies

BIBLIOGRAPHY OF PUBLISHED REPORTS

OR.DBO-4, Jan 57, Serni-Annual Report on Ordnance Engineering for Troop
Operational Factors at Watervliet Arsenal; G. R. DeTogni.

Quarterly Report, July 1 957, Environnmental Test of Cannon Components; G. R. IDeTugni..
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1. VITAE

All en. Vernon L., I at. Lt.. QMC. Hiuman Factors Study Grou~p, A. B. Universityr of Alabama.
1955.

Bu -khaltei, Thomias H., I ht. Lt., QMC. Human Factors Study Group. M. A. Ohio State Univer-
sity, 19,36. Area of specialization&: Human factors problems in systems operations. engi-
net-ring psychology.

Dusek, Dr. E. Ralph, Chief, Psychophysiology Section, Ph.D. State University of Iowa, 1951.
Area of specialization: Physiological psychology, psychomotor performance.

Fine, D.. Bernard J., Research Psychologist, Systems Research Section, Ph.D. Bostor,
University, 1956. Area of specialization- Socila psychology with emphasis on attitude
9-haA.Ue, personality and small groups.

Gaydos, Dr. Henry F., Chief, Human Engineering Section, Ph.D. University of Florida, 1953.
Area ul specialization: Engineering psyctology. tactual -kinesthetic perception, apparatus
design.

Ha;;ard, Dr. Dc',ald F., PRenearrh Psyct~iogi.ct, psychphisilogy" Section.,. Ph.D. state
University of Iowa, 1956. Area of spccta~zation: Learning sand perception.

Jones, Claike E., Research Psychologist. Human Crngineering Section, M.S. Pennsylvania
State University, 1949. Area of specialization: Physiological psychology.

Klein. Dr. Richard M., Research Psychalogist, Psychophysiology Section. Ph.D. Boston
Urniversity, 1957. Area of specialization, Learning, perception. and thinking.

Kobris k, Dr. John L.# Research Psychologis at fmsn Enginee ring Section, Ph.D. Pennsylvania
State Univeraity, 1953. Area of specialization: Engineering psychology.; apparatus

McGinnis. Dr. John M., Chief. Systems Research Sec~iott, Ph.D. Yale University. 1929. Area
of specialization: Hitman factors components oi syitems design, troop attitudes and
preferences.

M.'nde~ihall, Robert' L., Capt., 0MC, Human Factors Stidy Group. M.S. Oklahoma A & M
Collpgp, 195fi.

Mills. Dr. Allen W.. Psychologist, Ph.D. Harvard University, £95?. Area of specialization:
Audition; phtvainlugival psychology.

Te.0i~ner, Di. War:-en H.. Chief, Psychology Branch, Ph.D. Stato University of Iowa, 19%,i.
Area of specialzatlon: Perception, psychomotor perforinnnce. cangiierInag psych')locy.

Wolf, William S., Gapt., QMC, Chief, Human Factors Study Group. U.S. Univ. of Virginia.
1950. Area of speclallaatiun: Humnan factors problems in systemns operations.

U. CURRENT STUDIES

A. Psychological and psychophysiological effects of en~vironmental factors.

1. Manual dexterity as a function of tempsrature.
Dusek. E. R. Started Oct. 19S6 - Completed Sept. 1957.

The effects of exposing subjects to low ambient temperatures while they performed
manual tasks requirloxt fire manipulation were studiedl. Data obtained with the Minorsot.% Rate
of Manipulation Test, the O'Connor Fianger Dexterity- Test and the Purdue Pegboard Test
indicate that manual tasks requiring finer finger dexterity and coordination are especially
vulnerable to impairment unde r low ambient temperature cone

t
ttions.
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2. Skin temperature and pressure sensitivity.
Mills. A. W. Startoc' Apr. i957 - Completed Sept. 1957.

rhe effects of low ambient temperatures on the tactile sensitivity of the hand were
studied. A preliminary experiment indicated that the minimum detectable pressure on the
fingertip incrrases by a factor ofZtc 3 when the skin is lowered from normal to near freezing
temperatures.

3. The relation between EEG amplitude and reaction tine and EEG frequency and reaction
time in zleeping subjects.

(Tufts University contract) Started Apr. 1956 - Completed Sept. 1957.

The purpose was to investiqate the relationship of EL. variables of amplitude and
frequency to the sleep-wakefulness continuum, using reaction time to a sound of constant
intensity an the measure of depth of sleep.

4. Ger.eral purpose scales for measuring subjective judgments of warmth and cold and
some factors affecting them.

McGinnis. J. MW Started !954 - Completed 1958.

The purposc was to develop a scale suitable for measuring judgments of subjective
warmth and cold in the field or Climatic Chambers under a wide range of climatic conditions.
A simple check list was developed and found suitable for group comparisons under various
conditions of temperature, humidity, and winuchill and for measuring the effects of various
types atnd amounts of clothing, but it is not sufficiently reliable for individual comparisons.
nat.! ha-s, I... collected and partially analyzed.

5. Effect of distance of reach on tactual-kinesthetic judgment of size.
Gaydes H. F. •Started Apr. 1957 - Completed Nov. 1957.

The purpose was to study the changes in accuracy of tactual-kinesthetic judgment of
size, using the method of limits, when the distarce between standard and variable stimulus
is varied in a horizontal line parallel to (a) the sagittal plane of the body, and (b) the frontal
plane of the body. The data indicated that error of judgment increases as the distance beteen
the variable and standard stimuli is increased. However,the error is greater when the stimuli
are lined un parallel with the sagittal plane of the body.

6. Psychological factors related to sensitivity to climatic stress.
Haggard, D. F. and B. J. Fine. Started Mar. 1957 - Completed Dec. 1957.

Purpose was to determine the relationship between personality factors as measu Ired by '
the Minnesota Multiphasic Personality Inventory ard subjective judgments of feeling cold as
meastired hy a rating scale. Data are being analyzed.

7. Subjective judgments as predictors of motor performance decrement under climatic
stress.

Dusek, F. R., B. J. Fine and D. k. liaggard. Started Mar. 1957 - Completed Dec. 1957.

Purpose was to investigate the reiations'ap between performance decrement in the cold
as measured by the M.innesota Rate of Manipulation Test and individual sensitivity to cold
when physiological responses such as skin temperature, internal tempratt.ir, and hes;t doht
are controlled. Data are being analyzed.

8. The relationship between personality and patterns of finger cooling.
Haggard, D. F. and B. J. Fine. .;tortpd Mir. 195 - Completed Dec. 1957.

Purpose was to investigate the relationship between persenality as indicated by the
nine scales of the Minnesota Multiphasic Pirscnal.ty Irventory and pu-t;'.rns of finger cooling
during the cold pressor test. Data are being analyzed.

9. Genetic factors in subjective cnld.
Haggard, D. F. and B. J. Fine. Started Mar. 1957 - Completed Dec. 1It57.

Note:- -Complotinn dates given are approximate estimates of the time when reports will be
ready to submit for publication. Status of progress is s9iown as of I August 1957.
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The differential responseb to extreme environments by different racial groups were
studied. Negro vid white troops were subjected to the same low temperature environments
aind were required to rate their subje-itive feelings of cold intensity. Data are being analyzed.

10. Subj;ctive aspects of wet-cold.
Fine, L. J. Started Mar. 1957 - Completed Oct. 1957.

Purpose was to study &he relationship between subjective feelings of coldness and
dam'npness and the physiol.igical responses such as skin temperature, internal temperature
and heat debt when subjects were expoued to wet-cold environments. In distinguishing
between the effects of different combinations of wind chill, temperature, and humidity, sub-
jective estimates were as good as physioingical measures.

I1. Relationships between surface skin temperature points at different parts of the body.
Teichner, W. H. Started May 1957 - Completed Sept. 1957.

The best estimate of the mean weighted skin t..mperature for the overall body surface
is currently derived from the integration of ten separate temperature measurements of
different areas of the body. H1wever, the inconvenience of multi-thermocouple harnesses
and the labor ir.volved in data reduction make it desirable te attempt to achieve a close
approximation of mean weighted skin temperature with fewer thermocouples. An "item
analysis" of the tcn contribiting points indicates that the temperature of the inner thigh
seems to follow the mean wt'ghted skin temperature quite ecleely under various conditions
of exposure.

it. investigation of tio characteristics of sounds critical for the aural detection of the
enemy.
(Ohio State Univeesity contract) Started Nov. 1956 - Comp'eted Dec. 19S5.

High fidelitt tape reactdings are being made of sounds trad* by troops in typicall field
com'iat maneuvers such tos rra!ching over differenttypes ot ground surface, advancing th..ough
brush, wading in water, ctc. 71 ese recordings will be analyzed both for the physical properties
of the s9iands and certlir, p:itierns and combinations of noises that would aid in the detection
of hostile troops who *rr ati.errpting to approach in secrecy.

13. Effect on comp!- . manotal performance of cooling the body while maintaining the hands
at nnvmvt tr-imporatsires.
Gaydos, tl. F. Sta-ted Aug. 1957 - Completed Dec. 1957.

Previous experim-entation has shown that hand skin temperature seems to he the
primary factcr in efiriý,ncy of t umplvx manual performan,-e regardless of am~bient tempera-
ture. The purpose of this stuty 'a todetermine whether normal efficiency of manual perform-
ance can be inainta!r, it. 1.v keeping the hands warm even though the rest of the body is
subjected to severe crih t :ess.

13. Effects of social and p-rsonal factors on soldierý' attitudes and preferences for clothing,
personal equipment. mnd other supply needs.

I. Acceptability of C-ritions under sub-arctic bivouac conditions.
McGinnis, J. Mi. Startcd 179S - Completed 1958.

The purpose was to determine the acceptability oi C-rations in general and of spetific
component items under Sub-Arctic bivouac conditions. A few items were liked less well at
th end of the bivouac period than at the beginning, some did not change in acceptability, and
most items, including nesary all of the fruit and "sweets" items, were liked better at the "rnd
thmn at the beginning of the bivouac. The overall effect of the bivouac conditions was to
streegthen the desire for food and to increase the acceptability of the rations, in spitc of the
rather monotonous nature of the diet. Data have been collected and analyzed and preparation
of a report initiated.

7. The effect of induced prestige on acceptance of footwear.
Fine. B. J. Started Mar. 1957 - Completed Sept. 1957.

Subjects' preferences for five unfamiliar experimental boots were measured both
before and after the boots were identified as belonging to military organizations of high or
low prestige value. It was hypothesized that high prestige labels would tend to raise the

102



ratings and qualitativa judgments while low prestige labels would have the opposite effect.
Thc general hypothesis was not bourne out but there appears to be a relationship between
eer.-.lity aA ntsep~itihility to prestige suggestion.

3. QM human engineering handbook series: V. Criteria used by troops in evaluating
OaM clothing and equipment.
McGinnis. .1. M. Started 1954 - Completed Sept. 1957.

The purpose of this handbook Is to make available, in tabulrr form for easy reference,
the relntive frequency with which various criteria are used by soldiers in evaluating important
farnilics of Quartermaster items of field and garrison clothing and equipment, and to sum-
marize the effects of climate and six major personal variables on the criteria employed.
The handbook not only provides g8idince to designers, hut is also expected to be useful in
planning studies invoiving soldier evaluation of new and standard Uuartarmaster items and
in predicting soldier response to them.

4. Subjertive evaluation of foot comfort.
McGinnis, J. M. - Completed 1958.

The purpose was to develop a technique for measuring subjective aspects of foot
comfort. Adjectives and phrases considered to be descriptive if important aspects of foot
confort were assigned cuinfo.t values by approximately 100 men using 'Ie method of equal-
appearing-intervals and incorporated in a questionnaire designed to furnish both a general
measure and a detailed analysis of subjective aspects of foot comfort. Initial validity studies
include conmparison of results following periods of rest with results following long hikes over
hot desert terrain andby comparisons made following wear of boots known to differ in material
and/or construction. Data have been collected and analyzed and a report is in preparation.

5. Investigation of differences in preference reactions of airborne and regular troops.
(Paychological Research Associsto. rcntract$ Started 1956 - Completed 1958.

Methods previously employed to determine crIteria used by Artillery, Infantry,
Ordnance, and Signal Corps troops in evaluating Quartermaster clothing and equipment are
buing applied to Airborne troops to determine whether or not they use significantly different
criteria in evaluating these items than do other troops. Collection of data has begun and a
final report is expected during the sunmer of 1958.

C. Human factors studies dealing with specific clothing and equipment problems.

L. Evaluation of factors in glove design affecting manual performance.
Dusek, E. R. Started Jan. 1957 - Completed Sept. 1957.

The effects of finger and back design of gloves on manual performance were evaluated
with a series of dexterity tests. Preliminary analysis of results indicates that the reduction
of the number of fingers in gloves leads to some deterioration of performance, but these
effects may not be statistically significant. 'ihe different glove back designs used in this
study did not rr.&terially affect performance.

2. Handbook of manual functioning. I: The anthropometry and biomechanics of the hand.
Jones. U. E. Started Nov. 1956 - Completed Dec. 1957.

This section is being prepared to gather together under one cover the tangible reecults
of studies dealing with the anthropometric measurements, the structural form, and mechanical
characteristics of the human hand. It is expected that this reference work will be useful to
designers of manually operated equipment.

3. Handbook of manual functioning. U: The physiology of the hand.
Gaydas, H. F. Started June 1957 - Completed June 1958.

This seciton wit present a survey of studies dealing with the physiological responses
of the hand to temperature changes, prolonved muscular effort, restricted circulation, etc.,
and their subsequent effects on manual periormanc.e.

4. Relationships among several types of handwear and diameter of knob in accuracy of
dial setting.
Kobrick, J. L. Started May 1957 - Completed Oct. 1957.

103



Subject:i practiced making settings on a series of ten dials for 20 trials with the
bulkiest of four glove ensemble:, in order to regularize fluctuations in performance due
to irmprovement with practice. Each subject thereafter performed five trials on the same
task wearing each of four standard Klnve ensembles and with the bare hand. This procedure
wa, used for five different knob diameters with each fifth of the subject population receiving
only one of the knob diameters. Data are being analyzed.

5. Mand and finger function in relation to varying conditions of the hand.
(State University of Iowa contract) Started Nov. 1955 - Completed Maov. 1957.

Ti1. purpose of this study is to determine the precision of finger manipulation in terms
of exactness in patterns of finger movement and application of force as affected by hand
fatigue, reduced cir..ulation, trained relaxation, prolonged extension, sustained effort and
kinesthetic acuity of tVe haners. Data are being analyzed.

6. The meaturcrne.ts of the size and force of the foot with reference to fatigue problems.
(State Universi:y of Iowa contrart) Started Apr. 1955 - Complete.4 Aug. 1958.

rurpose is to study the effects of fatigue on the strength of the foot. Anthropornetric
data is being collected on the foot in weight bearing and non-weight bearing positions. Results
of th. 9 study will be usecd to evaluate experimental footgear.
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Kobvick, J. L. An apparatus for measuring reaction time during induced muscular
tension. QM R&D Comd. Tech. Rept. EP-S0, In press.
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McGinnis, J. M. Effectiveness of cold weather face masks. OM R&D Comd. Tech. Rept.
EP-60, In press.

McKee, M. E. (State Univ. of Iowa, Dr. M. Gladys Scott. Director) The effect of clothing
on the speed of movement in the upper extremity. QM R&D Comd. Tech. Ropt. r.P-48, In press.

Mills, A. W. Finger numbness and skin temperature. J. appl. Physiol., 1956, 9. 447-400.

Mills. A. W. Tactile sensitivity in the cold. NRC Subcomnmrittec on Environmental Pro-
tection Symposium on Hand Functions in the Cold. In press.

Mills, A. W. Acoustic properties of the combat vehicle crewman's heimet. ErRD r.zz.
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Nicolofi, C. (State Uni. of Iowa. Dr. M. Gladys Scott, Director) Effects of clothing on
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Teichner, W. H. Manual dexterity in the cold. J. appl. Physiol. Accepted for publication.
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on simple reaction tCme.-. exp. Psv:hol., 1957, 41. 277-284.

A eichner, a. W .. Cut-neous discrimination of radiant heat. L. exo. psychol., 1957, 53,
In press.

Wolf. W. S. Operational analysis of the rough-terrain fork lift truck. 0M R&D Comd.
Tech. Kept. EP-42. January 1957.

Wolf, W. S., V. L. Allen and T. H. Burkhalter. Operational analysis of protective clothing
for guided missile propellant hnrdlers (cold weather phase). EPRD Res. Study Kept. PB-10.
1957.

Wolf, W. S., V. L. Alley. aed T. It. Burkhalter. Operationsi analysis of guided missile
prupel'arst hinidlers. ErIRD Res. Study Kept. PB-12,1957;
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1. VITAE,

Griffith, Paul E., Electronic Engineer
BA Carleton College. 19Z9. Area of Specialization, Communications.

Huebne r. Daniel L., Engineering Psychologist
MA The Nlew School for Social Research, 1955. Area ot bpecialivAatiun: Perception.

11. CURRENT pp~r.,ý!TS

Contract No. Contractor fl'aration

DA-36.039 sc-52648 New York Univ-rsity, L July 57 - 30 June 58
College of Er.gincering

Task assignment type contract for performanct. of human engineering and psychological
studies coniccrning the design ef systems being developed for antiaircraft defense. Task
absignments classaified.

DA-39-039 sc-73253 Dunlap & t!.ssoctates, Inc 1 Aug 57 - 31 July 58

Task assignment type contract for performance of human engineering studies of equip-
ment and systems. No tasks yet assigned.

DRAFT- -For Review & Comment Only

(Feference Signal Corps presentarlon, page 41)

HUMAN FACTORS ENGINEERING FOR 510'NAL CORPS EQUIPMENT

L. SCOPE

1.1 This Specification covers human factors engineering for Signal Corps equipment. It out-
lines son-e techniques and procedure& of human factors engineering for use in the design and
development of signal equipment and systemns. The objective of this Specification is to facilitAte
th.e military' rni..In,. nf qivt-il Corns systems through maximum utilization of the potentialities
of the human component of man-m~achine systems. Consideration is given to operator inputs,
environmental conditions, task conditions and operator outputs in terms of overall man-machine
systern requirements. This includes optimum man versus machine function allocation.
nmini-niiration of error-producing operator inputs, reduction of conditions producing fatigue
and boredom, and simplification of operational reqixirements.

2. APPLICABLE DOCUMENTS

Z.1 T~ae following publications are furnished for information -And guidance purposes only:

I., Procedures fur including Huma~n Engineeringjactors in the Development of Weapons
.System. W ADC Technical Report 5 -488 A 7730K.

2.HmanFgi in %oo ;;. uipment Designurxs. Woodson. W. II., Ut:iversity of
Calf.Prss BrkitEeylSToesf pulcto,- a equired by contractors In connection

with specific procurement functions may be obtained from or as directed by thz contracting
officer. Both title and identifying number or symbol should be stipulated -when requesting
copies.)

3. X~EQUIREMENTS

3.1 Definition. Human factors engineering is hevein defined at the application of human
6, t6-s -printiples, techniques and data to the planning and development of military systems,
equipment and components. Its objective ib to improve and maximize tl'e field operability
of man-machine systems, particularly with respect to human factors problecms involving speed
and accuracy of cNermtinn. onrnr.tiunal reliability, safety, minimization of operator training
and skill requirements, and operation under conditions of stress. Operation is here meant to
include all htiman functions that involve maa-machine interasctlon,at all levels of man-machine
system operation, whethner involving control, monitorine, installation or m'Aintenance.

1.2 N22licatien of liu? an Factors -EplneinSSLng. Illustrative design problems in which human
factors engineering is applicable include the fiollowing:
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1. Operator workload S. Control units and systems
I. Installation '6. Display:
3.. Work space layet 7. Safety of operation
4. Working environment L. Communication in nets

3.3 Human Factors En_•miering in Relation to Development Phases. Table I lists some human
engineering considerations aud indicates the -tage o7dIevelopment at which these considerations
are appropriately applied.

TABLE I.

Development Phases Human Engineering Considerations

i. Preparation rf military A. Liaison
requirements and
characteristics

2. Design study S. The Analysi• ant2 Allocatioa of Man-machine
Functioes

Participation in functional analysis
Operator decision aralysis
Allocation of man functior &--duties, skills.

level of education and t.aing.

Human capabilities and limitations
Seno-r- and rnjot'. nimrtinne
Stress--fatigue
Morale -- motivation
Communications
Coding. visual, aural, etc.

3. Experimental Phase C. The Planning of Operaiuu•l Taa.ks

Operat.onal Planning
Llnk---alue laycut analysis
Pencil and paper mock-ups
Consideration of operator training and skills
Operational breadboards
Operator safety requirements
Environmental design--temperature, humid-

ity, noise vibration, shock, dust, illumina-
tion, etc.

4. Design Phase D. T.he Design of Display and Control Functions

Design of Displays and controls
"Knobs and dials"
Star4ardization
Check Lists
Design of operator position
Operating instru-ction
Operator classification

5. Evaluation ul development E. Equipment Evaluation
model; fabrication and
testing of proto.ype Feedback to design phases
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Th, dbMve table is not intended as a complete presentation of the development phase., h-.t imly
as an approximation of the rel.iionship of main phases of humar factors engineering to the
dtevelopment cycle. The table is intended to indicate the possibilities for integratton of human
iactors engineering into the development cycle.

3.3.1 The scope of the human engineerinr effirt shall be apprnoriate to the magnitude of
the human factors problems involved in the bu' ject equipranet diin., Thi. s.•all be inter-
preted and decided by 'he USASEL engineers cognizant of the equipment specification, with the
corroboration of the U.EASEL human. engineering coordinator. Omission of the human factors
engineering requirements of this specification shall be contingent upon demonstration of the
omission of the human operator as a link in the subj!!ct system, both within ttoe systern and
as an output link. Most design and development applications will require some phase of the
above human engir.eering activities B,C,andD,that Is, the analysis anc allocation of functinns.
the planning of operational tasks, and the design of display and control fun!tiorns. Some appli.
cations will require nil five phases. Asaminimurn, prnmpt consideration shall be given to the
extent of applicability, if any, of the five phases to isure appropriately early integration of
human engineering principles into design planning.

3.4 Techniques. Certain human engineerin-, ccnsiderations require special attention during
early desigia phase*. The employment of the following techniques, when applicable, will help
insure the incorporation of design factors involving human performance at stages early
enough to obviate to necessity for uneconomic later changes in de.ign.

3.4.1 Man-machine System Analysis. This includes analysis of the relationship of the human
operator to the equipment under ccnuideration. The interactior,., of this relationship define a
man-machine system. Operator inputs and outputs are specified i. terms of time and accuracy
require .aents in relatino. to both equirment and system-time and accuracy requirements.
This serves to permit allocation of system functions, such that functions most efficiently
performed by machine will not be assigned to human beings, and that functions most efficiently
performed by the human operator will be assigned to him, rather than to the machine. This
approach requires consideration of the man-machine system as an operational whole in terms
of its perforriarce tir.er field condil.ions.

3.4.Z Operation Decision Analyqis. This involves the techniques of stipulating the decisions to
be made t-y each operator in a system. in major systems, mathematical models such as
provided by Operations Research techniques may be requi-ed. In any case, d, ision analysis
is necessary to equalize requirements for decisions froe-, the various operators, to avoid
poisibl overloading. Decision analysts is also necessary to provide data as to informational

* inputs required to each operator to enable him to make optimal decisions in a minimur. of
ti:.,e. This technique can produce most gain in effectiveness and simplicity of operation when
integrated with equipment design planning at early design stages.

3.4.3 Information Analysis. This is the technique in which the operator is censidered as au
informatioi-handlinui, link in a man.-machine system. Xs a channel having lirrmited informational
handling capacities, the operator has certain maximum and minimum input requirements and
output capabilities. This approach calls for *-areful stipulation of sensory inpts and their
perceptual organization with respect to outpul resportio rtqAirements of ti,. ntan-machino
system. Sensitivities, rate-handling capabilities, environmental interactions and resultant
erroar variances of the man ard machine portious of the syster., :re estimated from mock-ups
and breadboards, and are adjusted to provide for optimum utilization of the potentialities of
both man and machine. Control and diip!ay error v:riances shall be estimated at early stages,
in order that operational accuracies not be beynnd capabilities of the operator to utilize them.
That is, ritachine and operator error variances shall be proportional.

3.4.4 Ou-t Analysis. This Isa technique applicable to man-machine and man-man
links. may used in planning information flow, in laying out work places, and in designing
control and display panels and consoles. The importance and frequency of sequential operational
sub-tasks are ranked, and total link lengLhs and interferences are minimized by proper
positioning of men, machines and components according to the ranking criteria.

3.4.5 The Use of Mock-U.s. The use of mock-ups in human factors engiteering is Analogous
to the uve of breadboard circuits in electronics. They are used to test preliminary designs,
and to get performance data for prediction of system performance. The mock-ups may be
functioning or non-functioning inodels, or r.ay be drawings which are two dimensionally
scaled. In some cases they may be mathematical models. They may be used for testing
sequence of operation, speed of operation, legibility, etc., as well as for comparing alternate
design possibilities.
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3.4.6 Consideration of The Effects of Stress pm ~Cvration. Great variation in oparator
perf,3rmance can be expected inder vary.ing conditimonso stress. Although almost every
ope:ationail siLU.ition will havec soi~ie degree ofetressassociated with it, in pnt'%vP- Instances
it may be found that the stress conditions likely to be encountered can significantly affect
human performance. To achieve th~e design of ;nan-machine system capable of adeqiiate per-
formiance under such conditions, it ii essential that considerstion oe given to possible soutce.
of 9!rete and their effects at an early design phase.

3.4.7 The foregoing techniques are not to be cousidered as all-inclusrvie. Other techniques
such au time and motion study are importantly associated with these coasiderations. Not all
of the six items may be applicable to a given design,

3.S Huynan Factors Pf) Ino-lnj__Procediv-es. C~ierationa! parameters shall be expressed
wherever possible, in term of ex-plicit qu`.n-Mfed velnes of accuracy. speed, training require.
ments, portability, tim-! duration of operation, etc., depending upon -he specified mission of
the system. These requirements shall be so applied as to make fullest possible use of human
c 'apabilities in iý,teraction with machine characteristics. operating in a particular systein
environment.

3.5.1 'Aan as a Date Processing Syxtem. It is required, when considoring operai'nal woirk
loads, to ccnsider the operator as an information processinR unit hnving a finite, specifiable
capacity. Ile serves to provide decision or manual control functions in combination. He is
subject to Input and output handling rate limitations, M.- Is subject to eaw.'ronments'! cm~dItions.
lie Is also capable of handling large processing load* if optimally employed. It &;zll be
demonstrated that the operatnr Is optimally employed to the exctent that freedom of design
permits in the systein under development. Total work loads shall not be excessive nor far
under capabilities of the operator. Allowance May be -ride for reabonable short time over-
loads and underloads, but overload and idle times shall be reisliotic vailues.

..2Oi~cr~at~cnai_ raviipnineit. Conditlinrs of the operational environment shall. be specifietd
to a degre aucien to insure reasonable excpectation of field operation in accordance with
military requirements. All design shall he considered In light of actual field operational con-
ditions, as operated by personnel of appro~bviate level of training. considering wherever
applic~ble, the effects of stress and environmental canditioins. For example, if readout
accuracy of an indicator is being evaluated, readout time shall be based upon the assumption
that the opera-or has no prior knowledge of the appropriate reading, unless he would be pro-
vided this knowledge in the particular operational situation. Likewise, it operability of units
is being compared. overtraining of operators shall be prerequisite. If ease of learning of a
unit is being ev.aluated, appropriately chosen untrained operators shall be employ d.

3.6 Repor

3.6.1 l,,luratiaion concerning the~ human factors effort shall be Incorporated In reports other-
wise- required by the equipment specification. Except fur the Design Plan, specifiedA below, no
additional ro porth. with respect to human factors engineertany will be required.

3.6.2 Reports shall include, wherever applicable, specification of operational time and
accuracy capabil&ties of designs.

3.6.3 Reports shall, wherev-er porsible. include data showing estimnated times for Pequipment
installation, for operation, and for organizational maintenance.

3.7 Human F'actors Desig Plan. A design plan slkjll be submitted during the design planning
atzge de onstratin M fusilonf the following, when applicable, into an integrated plan for
a rian-o'achine system.

3.7.1 A D'escription of Operational Function. The destIna plan shall include a statement of
operatfoonalf~uncion dsc-irhiing, initeriin-r-operationa requirements, human factors con-
siderations of the projected system or equipment in its operational environment, and in re -
lation to operationally associated systems or equipment.

3.7.2 ýuatoofIptand Out ut Requirements.

1. The design plan shall Include a stipulation of Inprts and outputs of the man-machine
system, indicatinq actionm and information required atbothiources and sinks In terms of task
requirements of paragraph 3.7.2.3 below.



2. The design plan shall Inclu~le a stipulation of both operatur luplots esul uperator out-
puts, indicatink actiuns and information required at both sources and minks in terms of task
req.airernents of paragraph 3.7.2.3 below.

*Task requirements incLude the following:

Rate and duty-Lycle for infortrmation and actions
Accuracy of performance, both instrumental and operator. expressed in perceo~ and

absolute terms.
bpeed of operation
Decision making
Computation
Tracking
Near-threshold detection
Operation under stress
Interference probecns V
Operation under temporary overload

3.7.3 Operational Envlronrimnt. The opetrational environment of the projected system shall
be otipulited, indicating integration of the follo.ing consideratione intn an vffective man-
machine system.

Nurmher of ope-rators
Other duties of operators
Workspace conditions, field or sheltered
Climatic conditions, natural or man-made
16ainten ince accessibility considerationh

3.7.4 Instru-mentation. Instrumentaticon design ran side rations. such as the following, shall be
demonstrated to be in ac~cordi with requirements indicated in paragraphs 3.7.1, 3.7.Z, and 3.7.3
above.

Dimplays
Control
Lighting
Seating
T emperature
Work-space Layout

3.7.5 Dealg lnc ites. Criteria for application of above design plan considerations shall
be the ipirnimuli,ý!.ic.r~tir-erator capabilities and the simplification of operational tasks. with
the objective of maximizing man-machine system effectiveness xaith respect tu both military
requirements and net ctcat of equipmnent and manpower.

Mf. BIBLIOGRAPHY OF PUBLISHED REPORTS

Contract DA-36-019 ge-6,?647 with Dunlap and Associate*, li'c.. produced the following re-
ports since the last conference:

Task .08--May 19S7. Detection of Aircraft by Radar-- Subjected to Radio Interference.

Task .09- -April 1957. Human Engineering Study of Ope-.ating Times for Collection and
Rteduction of Meterological Data.

Task . 10- -June 1957. Human Engineering Review of it a Landing Assist Radar AN/FPN-32.1
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1. VITAE

Davy. D1. Ears, Chief. Psychology and lHuman Engineering Branch
Phil, Coijumbia University, 19r2. Area of spe.lalization; Physiological Puychology.

X.qlnvo:., Lar. Ernest R., Physiologist, Captain, MSC
PhD, University rf Pitt.:bur_, l)SZ. AreL. of specialization: Physiological P..ychoiogy.

Goldberg, Marvin N., Biological Science!, Assistant, SP3, United States Army
MA, Univerqitv California. Los Angeles, 1953. Area of Lpecialization: Physiology.

Roberts. Albert P., Social Sciences Assistait, PFC, United States Army
.A. Ouee. .r-i n IO 0 f n,

Eldnton.J,.,,. F:., ' ninj ! Sc .ence -* A .'istant, PFC, Unite l eta.. Armw;
BA. University of Maryland, 1956. Aea of specialization: Psychology.

Shelly, leon S.. Mathematics and Statisics Assistant, PFC, United States Army
BS, Central Michigan College, 195.6. Area of specialization: Mathematics and Industrial
Arts.

IL CURRENT PROJECTS

Estimated
Date Completion

A. Directorate of Medical Research Started Date

1. The effects of GAf in Sublethal Concentrations on Human Behavior Oct 56 Mar ri

The objective is to ascertain the anticipated reactions and behavior of personnel whu
mlight be subjected to low concentrations of GB and what effect this might have on the conduct
of prescribed duties of these personnel under these conditions. A second task invoves the
effects of wearing a gas mask and other types of protective equipment upon the proficiency
of troops engaged in standard military activities.

2. Human Factors Engineering Aspects in Design of Field Jul 56 Jan S8
Protective Masks

* The Chemical Corps field protective mask of current standard I asau is designated as
the M9AI. This mask has, on one side of the facepiece, a canister for the purpose of filtering
particles of toxic material from the atmosphere before that atmosphere reaches the oral-
nasal tract of the wearer. Daring the past two years the U. S. Army Cherrical Warfare
Laboratories (CWL) at the Army Chemical Center has developed a new mask now known as
Vhe E13. In this mark the side canister has been replaced by two charcoal filters, one on
either side of the facepiece.

The M9AI mask offers a rather high resistance to breathing upon inhalation, thus re-
sulting in user fatigue beyo.d the extent which would normally result fronm participation
in any given activity. In the E13 mask this resistance has been cut approximately in half.
To overcome the Interference with speech and the resulting lack of intelligible communica-
tion caused by the design of the M9AI, a voicemitter has been included in the faceplec. of
the V13. Other innovations Incorporated in the E.13 include an eyepiece construction which
affords wider angle visibility than that of the standard mask. Last June. during the time that
the new mask was being tested for leairse, durability, usability in cold environments, etc.,
we became concerned with finding out how our troops would feel about this mask. We decided
to obtain this information at the same time that field tests were being conducted to determine
the extent of direct interference of the mask with the execution of typical military tasks such
as rifle firing, rocket launching, etc. For thece tests fifty masks of each type (M9AI and E13)
were taken to the Dugway Proving Ground near Salt Lake City, Utah. The proving grounds
cover a rather large area in the western part of the state and the terrain includes desert
and salt flats as well as some rugged areas of the Wasatch range. Before the tests, fifty troops
were selected and fitted with one of each type of mask. Each man was shown and allowed to
practice the proper method of wearing and carrying both masks. Tests included marching
over hill and desert terrain, competitive softball and volleyball, resting In recreation areas.
use 3f weapons, donning mask on signal during a simulated chemical warfare attack, etc.
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Whereer possible, haf c•fthe subjects wore one mcik and half wore the other during the tests.
Half way through the te st. each subject changdt the mrask he was weporlne. Wherever applicable,
the proficiency of task performance, in terms of proper and rapid cumplction. accuracy.
etc., was objectively evaluated by military observers.

1. There are other classified human enEineering tasks being conducted by the Chemical
Curpy which cannot be listed.

IHL BIBLIOGRAPHY OF PUBLISHED REPORT

I April 1957. Some Human Engineering Aspects of the Portable Flame Thrower Gun. Earl
Davy.
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