O URERGE, Ghe NN - -

_ UNCLASSIFIED
0268 204
Peproduced
by the

:MED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

Best Avai‘lable Copy

Y

UNCLASSIFIED

2003070700




ar

NOTICE: When Zovermment or other dravings, specis
flcations or otier dats are used for any purpose
other than in connectivn with & definitely related
guvernment procurement operation, the U. 8. »
Government thereby incurs no respousibility, nor any
obligation vhatsoever; and the fact that the Govern- i
ment may have formulated, furmished, or in any wuy

supplied the said dravings, specifications, or sther

data is not to be regarded by implication or other-

vise ag in any manner licenc'rg the holder or any

other person or corporation. ur conveying any rights .

or permiscion to manufacture, uae or gell any - . |
patented invention that way in any \mr be related

thereto,

'?:*’w'ﬂw "mm?é

P PR }
L ::"E

-t
e}
3
Iy
LB
.
i >
™
<l
LAY
o

Lo Wl icuw




J'LQPOJ‘U:

| 7;/'/ 4/]/70&/

,;’}’ Rty

ARMY HUMAN FACTORS

ENGINEERINf_,;.»t;;_"‘NFERENCE

2~4 06‘7' /.95 7

. QUARTERMASTER RESEARCH % ENGINEERING COMMAND
NATICK, MASS.

SPONSORED BY:
CHIEF OF RESEARCH AND DEVILOPMENT
OFFICE OF THE CHIEF OF STAFP
DEPARIMENT OF THF ARMY




« .

- DEPARTMENT OF THE Al"\'
OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENT . L
WASHINGTON 25, D, C.

CRD/J 28 October 1957

SURJECT: Third Annual Army Human Factors Engineering Conference Report

TO: See Distribution
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list, The Conference was attended by the persons listed in Appendix | of this Report, and was
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velopment, ) . o
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THIRD ANNUAL ARMY HUMAN FACTORS ENGINEERING CONFERENCE

QM R&E COMMAND

Natick, Massachusetts
2, 3, and 4 October 1957

I. AGENDA OF THE CONFERENCE .

2 Oct 57 MORNING SESSION: Dr. Lynn E. Baker, OCR4D, Chairman.

0930-1030 Registration

1030-1100 Opening of the Conference:
Announcements: Dr. Lynn E. Baker, General Conference Chairman
Welcome: Brig. Gen. C. G. Callowzy, Commanding General, Hq QM
R&E Command, Natick

1100-1130 Introduction of Keynote Address: Brig. Gen. T. J. Conway, Director "
of Research, OCRLD
Keynote address: Dr. James B, Edson, Assistant to the Director of
Research and Development, OSA. **Man: The Ultimate Weapon'®

AFTERNOON SESSION: Dr. Austin Henschel, Environmental Protectiun Research
Division, QM R&E Command, Session Chajrman.

1300-1400 USCONARC Presentations )
Col, H. V. Middleworth, H{} USCONARC, Combat Davelopments
Section: ‘'New Organizaticns and Tactice®'
Lt. Col. E. A. Fossum: ‘‘Impact of New Tactical Concepts on Ma-
teriel Objectives’’

1415-144%5 QM Presentation: Nr. E. Ralph Dusek, Psychology Bnnch, EPRD:
**Manual Performance in the Cold"’

1445-1630 QM R&LE Contcr facilities tour.

3 Oct 87 MOPMING SESSION: Dr. Henry F, Gaydos, Psychology Branch, EPRD, QM R&E
’ Cmd, Session Chairman.

08300900 TSG Presentations
Col., Charles W, Hill, MSC, Research and Devclopment Divicion,
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. 8. Army Medical Research Laboratory: *‘‘The
Effect of the Spatial Position of a Control on the Strength of iix
Linear Hand Movements''

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

0900-0945 USCONARC Presentation
Maj. Nelson A. Mahone, Jr., Avn Bd, and Capt. John J. Sullivan,
Arm Bd.
*'‘Examples of the Practical Influence of Human Factors Data on
Army Equipmeut Design®’

1000-1130 Ccncurrent, separately assembled, Working Group Sessions
Group A, Room R302, Col, E. A. Fossum, Chairman:
“Utflization of Avnﬂablc User Experience Information During Engi-
neer Design Stage of New Equipment Design’’

1




4 Oct 57

<

' Group B, Room R120, Dr. Henry Gaydos, Gnirmau' : i
"Tralning of Engineers in Application of Human Factors Data, and
Optimum Utilization of Engineering Paychologists in the Techn.ical
Services*’

Group C, Room K106, Dr. John Kobrick, Ctairman:
"El,abulhrnent of an NRC Committee to Select and Arrange for

. English Translations of the Best Foreign Literature in H"man
Factors Engineering’’

Group D, Room R109, Col. Charles W. Hill, MSC, Chairman
'Human Factors Contributions to Equipment Design for Night Oper-
ations'’

Group E, Room D200, Mr. Henryk J. Bukowski, Chairman
"Hut;\an Factors in Nesign for Ease of Maintenance of Army Ma-
teriel"’

AFTEXNOON SESSION: Dr. E. Raloh Dusek, Psychology Branchk, EPRD, QM R&E
Emal Ses sion,_Chairman

1300-1330 OrdC Presentation
Dx. John D, Weisz, Ordnance Human Engm«rlng Laboratory. APG:
“'System Evaluation of Ordnance Materiel™
Mr. Thomas Goldsinith, Human Engineering Unit, Picatinny Arsenal:
“*Specification of Brightncn and llouhbﬂky for Scu-Luminoun
Control Panel Elements.”’ ‘

1330-1400 CmliC FPresentation & Film
Dr. Ear! Davey, Army Chemical Center, lld.. **Human Factors
Enginesring Aspects of the Devign of Field Protective Masks*’

1400-1430 TC Pre-sntation
Dx. ‘ohn W. Bailey, Transportation Cozps l!uearch and Engineering
Cemmand: ‘Human Factors Englneeﬂug in the Tranlporution
Corpl" )
143C-1500 TSG Special Presentation
Col. Maurice Fletcher, MSC, Army Prootbeela Research Laboratory:
*'Some Human Factors Englnurlng lmpllaﬁont from Design of
FProsthetics.’’

1515.1700 Concurrent, separately assembled, Working Group Sessions (Continued
in Rooms as indicated for morn\ng session, same date)

1700-1830 Social Hour

MORNING SESSION: Dr. John M. McGinrnis, Plychology Branch. EPRD. QM RLE
Cmd, Session Chairman

..0830-9900 CofEugr Presentations

Mr. Alonzo J. Vrooman, Mechanical Engineering Department,
USAERUL: ‘‘Industry's Acceptance of Ease of Maintenance Fea-
tures in Design®’ .

Mr. Benjamin Goldberg, Electrical Eagineering Department,
USAERDL: *‘‘Effect of Flicker on Humans**

Mr. Henryk J. Bukowskl, Provisioning Divistor, Engineer Maintenence
Center, Columbus, Ohio: ‘‘The Human" Engmeermg Factor in
Equipment Specifications®®

0900-0930 SigC Presentation
Mr. Paul E. Griffith, Office ol!:nglnecrlngOpcraﬁonl. 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: Dy, Lynn E. Baker, OCRLD. Chairman

1300-.1400 Invitex Paper
Dr. Alphonse Chapanis, Johns Hopkins University: *‘Human Factors

in Systems Engineering’’ .
1415-1330 General Chairman’s Summary of the Conference.

1500 Conference Adjourns.
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Il. INTRODUCTION

References and Buckground of the Conference, and Suminary of Opening Remarks of Dr.
Lynn F.. Haker, General Chairman of the Confarence, and of Brigadier General C, G. Calloway,
Commanding General, Hq QM R&E Command, Natick, Mass.

1. SPONSORSH:P
F THE CONFER-

NCE:

e}

|

=

2. PURPOSES OF
THE CONFERENCE:

3. WORK OF THE “*-
CONFERENCE:

The Annual Army Human Factors Engineering Conference is
sponsored by the Chief of Research and Develupment, Department
of the Army. Two previous such Conferences have been held and
their reports arc as follows:

a. “'Army Human Engineering Conference,'’ The Pentagon, 14-15
December 1955. :

b. ‘‘Second Annual Army Engiuneering Psychology Conference,'*
7-9 November 1956, Army Medical Research Laboratory, Ft Knox,
Ky.

“The purposes of the Conference are to:

a. Provide direct interchange of informaticn 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 inateriel.

¢. Provide a Conference Report which gives a useful and com-
plete single annual reference summary of all Ariny human factors
engineering R:D activities.

a. Preparation of Conferezes. Appendix 2 of u\ﬁ Report was’

" distributed as Conference *‘'Homewcrk' material for advance study.

These materials summarize, for each Army Agency havinga human
factors engineering RLD program: l. Vitae of Professional Per-
sonne:; 1I. Current Projects; lll. Bibliography of Published Reports.

b. Presentations: Presentations awsume familiarity with the
ahove materials and cover selected recent unpublished R&D results
and majur future pians. In addition, the ‘‘keynote'’ addrese and
distinguished invited paper are presented in Chapters IIl and VII
of this Report.

¢. Working Groupa: 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 continuing study for report and recommendation
at a subsequent Conlerence. The Working Group Reports are pre-
sented as Chapter VI[ of this Report.

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

5. Appreciation for the =xcellent facilities and arrangements provided for the Conference by
its host, Brigadier General Calloway, was expressed by the Conference Chairman, who then
introduced Brigadier General T. J. Conway, Director of Research, OCR&D.
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fil. WMAN: THE ULTIMATE WEAPON
INTRODUCTION OF KEYNOTE ADDRESS
Brigadier General T, J. Conway

Mr. Chairman, Distinguished Guests, Ladles
and Gentlemen:

Lt General Gavin, Army's Chief of Research
and Development, and Maj General Wood, his
Deputy, wish me to bring ycu their best
wishes for an interesting and productive
Human Factors Engineering Conference. Both
General Gavin and General Wood would have
liked to be here. Both fully understand and
endorse the values of this Conference in im-
proving human factors engineering of Army
equipments, Both, hpwever, are presently
occupied on other important matters of
eqaally great concern to the well-being of
your programs and all of Army R&D, notably
the Army Budget. They therefore must send
you their greetings and best wishes while they
carry forward these other pressing matters.

News from the Pentagon at this time surely,
as you know, must give a central role to
budgets and funding. We are having an un.
usually long ‘‘budget season'’ this year. We
have always practiced strict economy in the
Army and will continue to do so in future.
Beyond strict economy, however, 1 believe
that you already know that substantive cuts
may also be necessary thie year in many
Army R&D programs.

in the face of the probable necessity for
such cuts, you will be pleased to know that,
as a matter of R4D policy, the Army recog-
nizes that the man is uniquely central to
accomplishment of the Army's mission. Ac.
cordingly it has already been determined
that, innofar as possible, the Army's small
but important Human Factors research pro-
gram will be spared the brunt of budget
reductions. This does not mean, of course,
that it will be possible to avoid some reduc-
tions in this program. It does mean that, az
you individually may face curtailed funding,
you may take some grim comfort from the
realization that *'it could have been worse.’

Dr. Rollefson, who last year addressed
this Conference as Army Chief Scientist, has
now returned to his position as Chairman of
the Department of Physics at the University
of Wisconsin. Dr. Richard A. Weiss has been
designated Acting Chief Sclentist. As further
“‘news frem the Pentagon,”’ you may also
have heard that the Human Factors Research
Division of the Office of the Chief of Re-

search and Development has now moved to
Ft. Balvoir. At Ft. Belvoir .we have
established an **OCR&D Field Office’* which
remains an integral part of the Office of the
Chief of RkD yet takes advantage of the bene-
fits of space and detachment afforded by a
field location outside the Pentagon. As a
companion-piece to this improvement of
their office facllities you should also be
aware that your Ceneral Chairman, Dr.
Baker, has in the past few monthe been ele-
vated to be the Army Chief Psychologist and
General Gavin's principal scientific advisor
on matters affecting human factors in Army
R&D.

1 indicated earlier that the Army recognizes
that the man, the soldier, is central to ac-
complishment of the Army's mission in war.
Those of you who are not Paychologists may
wonder what possible connection could prompt
us to ask an astronom.er and astrophysicist
to be the “keynote sperker'* for a conference
focused om human fac.urs. For those of you
who are Peychologists, such a chuice will
seem singularly appropriate. You Psycholo-
gists will recall that it was the English
Astronomer, Maskelyne who, in 1796, dis-
missed his assistant because of & large and
increasingerror which was somehow creeping
into the Greenwich observations of the times
of stellar transits. These observations of
Maskelyne on his unlucky assistant were
further analyzed and experimented with by
the Germau astroromer Bessel at Koenigs-
berg, who found that there were certain
constant differences among observers. In
1822 Bessel published the results of these
atudies attributing these constant differences,
which you now study as ‘‘reaction time,"’ to
something he called ‘‘the personal equation.’’

_In the Army Ordnance Corps, and more
recently in his new post as assistant to Dr.
Martin, the Army's Director of Researchand
Development, our astronomer-keynoter has
had numercus opportunit’+s to observe and
reflect upom ‘‘the pe. junal equation' in
connection with the Army's mission. He has
react ’d some conclusions on this matter
which 1 know you will wart to hear. Iam
therefore pleased to introduce to this Con-
ference Dr. James Edson, whose address
bears the asignificant titl ‘‘Man: The
Ultimate Weapon.™

Lzdies and gentlemen, Dr. Edeon.




"MAN, THE ULTIMATE WEAPON" .~

Dr. James B, Edson, .
Assistant to the Director of Research and Development
U. S. Department of the Army

I bring to you Dr. Martin's heartlest
greetings. He has emphasized to me the
importance that he attaches to your field
of human factors work. He reviewed for me
his address to you at your conference two
years avo, in which he recountei his own
humai factors studies in connectin with the
creation of the raodern telephone.

Dr. Martin confidently expects you further
to extend the application of measurementand
quantitative th=ory to broad human problems,
an activity to which biologists, psychologists,
and engineers have already %o notably con-
tributed, He urges you to make increasing
use of operatious research; this in the
interest both of effectiveness and economy.
He counsels you to become ever morc fa-
miliar with the apecial problems and require-
men.s of the soldier, in order more effectively
to discharge your key role as transducers
between the scientific and the military com-
munities. Finally, Dr. Martin reminds you of
what you already know -~that the Army keenly
appreciates and supports your work.

General Conway has referred to the battle
of the Ludget. 1would like personally to testify
to the energy, endurarce, wisdom, ard
gallantry with which General Conway and the
whole Army staff team conduct that unending
campaign. It remains a fact, however, that,
in these days of tight budgets, the Aemy's
appreciation of your work and of youraspira-
tions may not always find full expression in
dollars. Indeed, perhaps our efforis should
not be so measured. Rather, the true measure
of accomplizhment may well be takenby each
of us for himself. You have, 1 am sure,
shared my experience of those small but
repeated incidents that remind us of the
irr.ocent and almost terrible trust reposed in
every one of us by our neighbors and feilow
citizens., They must, and do, depend on us to
outmatch and to overawe the powers that
threaten them. They give us not only of their
trust, but also generously of their substance.
They carry us ontheir shoulders, that we may

see further than they. So, as you present your’

work here, you might imagine that your
Russian colleagues are sittingoutthere inthe
empty rows, 1 hope that, as you go on, you
may rense a proper awe and respect in that
phantom audience. I hope that you may never
kear, as | have once or twice, the ghostly echo
of their scornful laughter.

But enough of these occult manifestations.
With so many psychologists in the audience
I'd better get away from parapsychnlogy and
back to the safe realm of astronomy. As
General Conway pointed out, Bessel's analysis

of the personal equation certainly lies close
0 \ae beginnings of quantitative psyche.
physiology. Astronomers have encountered
some other interesting human factors prob-
lems that are directly connected withworkto
be reported at this conference. Astronomical
studies of atmospheric shimmer began with
the invention of the telescope. The original
telescope tracking psoblem was to keep a
camera aimed preciscly at a star field during
many hours of exposure. Controversies over
observation of support ‘*‘markings’’ on Venus,
which are not real, and the *'canals’’ of hiars,
which are real, were essentially signal-to-
noise problems of an eralong before electron.
ics. And the blink microscope, as used in
planetary search work, is the aacestor of all
moving target indicators.

In each of these astronomical problems,
man, with his native sensory, mental, and
manipulative equipment, played the decisive
role. The same is true of fighting. We hear
much talk today of ‘‘ultimate weapons'' with
one gadget or atsther nominated [ov that
imposiny role. This performance reminds
me of the annual beauty queen contests. We
get a new ‘‘ultimate weapon,’ ifnotannually,
at leastevery few years. These titanic gadgets
have just one thing in common. Their ultimate
purpose is aiways to control or destroy that
truly ultimate weupon--.man himself, And
when all of the gadgetary uproar subsides,
what crawls out of “he shattered landscape

- to settl® the argument? What else but that

incredibly tough and deadly weapon, the thing
of which Armies are made--the Man!! Our
central problem and unique Army responsi-
bility is the preparation, equipping, support,
and tactics for that ultimate weapon.

I was much interested in the cover onyour
last year's conference report. Starting out
with the brute inthe raw,your artistproceeds
to equip him with items that augment his
native deadliness while protecting his
frailties. Let's carry this process to its
logical extreme--Let us imagine the ulrimate
soldier: the super-trooper. He has three
properties. He appears instantly when and
where required. He moves among his enemties
immune to their attacks. He secures their
consent to our national will withoutdamage to
his opponents or to the surroundings. If one
measures the ‘‘efficiency’’ of a weapouasthe
ratio of wanted to unwanted effects, thenthe
‘‘efficiency’ of the super-trooper is infinite.
This is to be contrasted with the same
parameter for large ‘‘strategic’’ bombs,
which have an ‘‘efficiency' of practically
zero. Your aim, then, may be described as




c

the development of the man and his equipment
together intu an optimal tactical agent whose
capabilities approach tne ideal.

Of course, at the moment we have ro
‘*super-troopcrs’’--probably we never will.
But we just might, by taking a new look at
the possibilities, make some unexp:cted
progress. Take, for instance, the requirement
that the super-trooper move immune among
his enemtes. I8 armor the answer? Well,
not by itself, anyway. You psychologists,
biologists, engineers--can you iinaginre a
novel approach? The fact is, I am sure, that
if we break away from mental fixation on the
usual solution, we can think of several new
ones. We may hope within a decade to make
our woldier substantially immune to small
arms and tc “igh explosive fragments. We
can perhaps in ths same time frame provide
him with a technological watch-bird that sits
on his helinet or shoulder and looks around
while our scldier proceeds on his businesa.
Whern the watch-bird sees something suspi-
cious it may either tell the soldier who then
takes alookto see what gnes on--or ina slight-
ly more sophisticated model--the watch-
bird may, in a time very short compared to
human reactions, perform an identification
of friend or {oe and train and fire on any
hostile manifestation. I the soldier were
not ctherwise occupied he could then laock
arvund and satisfy his curiosity as to what
his enemy had been. The soldier's hand
wezpons, if he still needs any, can be of a
smart and eager type which needs only to be
poiuted in the general direction of the target.
As soon as it sees the target for itself, it
locks on and only wheu on target does it
fire. All the soldier has to do is to swing the
weapon into general alignment by way of
target designation and pull the trigger. Or
perhaps he desires only to neutralize--not
to kill--his weapon can have a ‘‘persvader’’
instead of a kill capability, What devices
will secure consent without damage? The
rude concept of persuasion through slaughter
ha® reached its absurd extreme in present
weapons. What novel design principles should
go into = firn, but gentle '‘persuader'’ for
our future soldier? Or what likely fields of
research might yield such principles?

By way of auxiliary equipment osur per-
suader teams might be provided with a type
of vehicle which for reason soon to be
obvious, ] will cali a *‘skunk.’’ The skunk
would have atacticalatomicexplosive weapon
carried aboard and equipped to be fired by
any hostile molestation. Such a vehicle
suddenly disclosed in hostile territory might
well invite zespectful or even courtcous
treatment by the enemy. The operators of such
a vehicle would require considerable nerve
but they might nccomplish results ctherwise
impossible. There remain, of course, num-
erous and -sundry problems of «clothing,
food, fuel, communications and tactics for
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such groups, but the outlined pattern of
capabilities seems, indeed, almost within
the capacity of present scienve. .

The powers of the ‘*‘super-trooper,”’
dramatic as they are, may lie perhaps not
so far beyond the present boundaries of the
art. In reading the reports of your im-
pressive progress over the past few years,
1 am inspired to believe that you have occu-
pied the present territory of hurcan engineer--
ing in a very workinanlike manner. My own
claosification and countup of your activities
as reported at last year's conference toi :lled
ahout 40 applied and 70 supporting research
projects. This is my own count and not
connected with any official or budgetary tally.
In the same way, I found about 30 projects
that apreared to be basic research. It now
seems to me that the Army's need and your
own capabilities summon you to cross the
frontiers, and to present our rivals with a
Julting technological surprise in the form of
new and unheard-of Army human factors
capabilities. 1 feel confident that, with a
determined, creative, and disciplined effort
you can sicceed in this. My confidence is
based on the observation that, due partly to
fixations and tabus, partly to plain neglect,
the application of truly modern science and
technology to the human factors field has not
been fully exploited.

For example, wue might make a contact
lens with a liitie rod that works a pair of
potentiometers. The wearer looks into the
eyepiece of a tracking instrument and simply
follows the target with his eye. The po-
tentiometers drive a servo in the tracking
mount which follows the eye motions. And
here's one case where I'll het the eye is
cuicker than the hand.

Let's try one more. I see by your work
that simultaneous use of a variety of sensory
channels helps a man to span more informa-
tion or to be mcre confident inhis responses.
1 read about buzzers oa the skin--a fine
idea. But how abcut that third “eye,’’ the
to..gue ? With it, you can build up amagnified -
and detailed picture of your teeth, including
all the little corners, cavities, and textures.
Now, the topography of a man's teeth is
usually a dismal and monotonous view. How
about instailing a more lively scene, like a
ralar or infrared image, or maybe an
instrument panel, for presentatiun to the
tongue? The trarsducer might be either
electrical or tactile, and could be built and
arranged for insertion tehind the lower teeth
in such a way as not seriously to inteifere
with speech.

1 am only a layman,--you experts must
have better ideas by the hundreds. 1 would
like to point out, however, two of the very
concrete examples of work across the fron-
tiers that you will see at this conference.
One is the presentation by the Army prosthe-
ticists later on this program. It seeins to




me only a st p from their work to the actual
physical modification of man for the optimal
performance of specialtasks. And just beyond
that | foresee a device | have waated all my
life--a *‘wisher.’’ The ‘‘wisher'® would plug
dicectly into the human system, whereupon
one would merely have to wish and his
equipment would respond like part of his own
body.

1 would like to bring you a second example
of Army work across a frontier and ina field
potentially related to your own. The physiolo-
gists have long been intrigued by the capa-
bility of muscle to do efficient work. When
to this eflficiency one adds an clmost ambient
temperature and absolute silence, the mili.
tary potentialities of inuscle as a source of
power ave obvious. The Frankford Arsenal
has for ome years been working on a basic
scientifi. approzch to the undepotanding *nd
control of muscle-like energy trans uceys,
Believing that you would find theis work
interesting, and encouraging to your own off.
the-beaten *rack ideas, | have prevaiied upon
them to denionstrate it here today. My com-
panion here on the platform has been quite
impatiently waiting to address yon.-1 shall
therefore deter ths remainder of my remarks
and introduce him a! this point. L.adies and
gentlemen, | give you that true ploneer and
muscular fellyw trom Frankford Arsenal--
Captain Pitmeant!

{Demonstration of Robot powered by
artificial “‘muscle engine*’)

Thank you Captain Pitman. May your speed,
strength, and dexterity increase mightlly
over the coming yeare!it Now, may | prescal

Captuin Pitman's mentor, one of the wnrid's
pioneers in military robotics--Mr. James M.
Mikula. We are indebted to Mr. Mikula,
Mr. C. D. Fisher, Mr. E. Rechel and their
colleagues at Pitman-Dunn Laboratories for
this demonastration and for the imaginative
pioneering research that made it possible.

Gentlernen, in the last few minules | have
brought you the assurance that the Army
knows ‘ycur valie anl needs your work. ]
have pcinted our that the Avmy's apprecia-
tion cannot and must not always be measured
in terms of budget and I have spoken about
the truer measure that we all know: for
each--the measure of his owneffortinterms
of the truat wa have accepted. I kncw you
will share with me a very lively pride in
your Army accomplishments and growthover
the past few years, ae reflected in the pro-
ceedings of these meetings and inthe respect
which you have won among your colleagues
throughout the country. ] think youalsoshare
with me the realization that our obligation
deinands much more of us for the future
than we hav' achieved in the past. We must
‘ay our patts into new fields.-we must work
beyond the .rontiers to provide the men of
our Army «ith decisively superior ~aj -
bilities. We musi provide our of ponents attue
same time with « jolting surprise to the
effect that there are things not dreamed in
their primitive and often brutal philosophy
of human factors. | have tried to point out
my own all too hasy glimpses of where le
the frontiees and how we n.av drive acrons
therr. Now, may you gain aw'. vision as you
confer togcther here. Mas you find, in the
months ahe: 1, strength, and inspiration to
match your unique responsibility for Man-«
the ultimat~ weapon.
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iV. USCONARC PRESENTATIONS’TO THE CONFERENCE

NEW ORGANIZATIONS AND TACTICS
Col. H. V. Middleworth, Hq. USCONARC

Intruduction

Gentlemen: [shailbrieflydescribe the new
divistona! organizations ot the Armyand indi-
cate how they came about, Additionally, 1
will endeavor to describe some of the tacti-
cal concepts applicable to one of these new
organizations, the Reorganized Infantry Divi-
sion, Subsequently, Col Fossum, also of
USCONARC, will indicate the impact of these
new organizations and their tactics on our
materiel objectives,

ROCAD

Figure 1 shows the newly Reorganized
Current Armored Divisios (ROCAD). A cur-
sory glance at the XOCAD organi.ational
chart gives the fiver Limneasyion that there
have heen few {f any changes from the pre-
vious organizations, While it is true that
there are manv remarkable simtlarities,
there are many evolutionary, but neverthe.
iess bastc, changes expressed within the
general ROCAD framework,

The number and internal structure of the
major combat elements of ROCAD, {.e,, the
tank and armored {nfantry battalions and
division artill.ry, bear a striking resem-
blance to former organizations. This {u
especially true with respect to the command
structure, the number of subordinate ele-
ments, and their equipment, The chsrace
terinlics of mobility, armor protected fire-
power, and a highly efficient control and
communications system, which are pre.
requisites to the conduct of warfare on the
nuclear battlefield, have alsoalways received
a high order of emphasis 1n Armor's pre-
nuclear doctrine, organization, and equip-
ment, Current and future emphasis on
development in these fields is aimed at
enhancing Armor's already considerable
capabilities to contro! mobile formations of
the combined arms inthe presence of {riendly
or enemy nuclear weapons,

The most significant difierences from
previous organizations appear in the divi-
sion artillery, the reconnaissance battalion,
the signal batlalion and the combat aviation
company.

While direct artillery support and llafson
is provided by a rather conventional direct
support artillery organization, the firepower

) » adil.
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capability at snd above the general support
level kas been vastly increased by the
incl\ulo‘n of nuclear delivery means in ‘c
composite battalion, These changesin organi-
sation 1 require modification in the doc-
trine of employment of fire support. A
minimum requirement will be that, proximity
of friendly troops permitting, the division
commander will have ‘‘permissive’ authority
to utilise nuclear weapons with ‘‘veto' au-
thority retained by the higher commander.

An anticipated increase in the antiatrcraft
capabllities in the form of certain missile
units to provide an '‘umbrella‘’’ defense for
the fleld Army and corps area of combat
operations has permitted the withdrawal of
the small caliber AA forward weapons bat-
talion and their concentration under AA
control for the most efficient defense of the
combat zone, AA doctrine will probabdly pro.
vide for attachment of, or direct support by,
forward area units when the misrsion of the
ROCAD division visualises {t movingoutfrom
under the effective protection of this um-
brella defense. Again, this changs is
reflection of the relative effectiveness of
conventional AA weapons vis a vis modera
high performance aircraft, the necessity t.
conserve manpower, and at the same
time marshall the necessary skills and ad-
vanced devices into &n  effective AA
defense, Perhaps as these newer AA weapors
become more plentiful, less complex, and
more adaptable to highly mobtle units, they
will again be integrated into the Armored
Diviston,

To provide for in~reased control and
coordinastion and a better reconnaissance
capability to locate nuclear targets and to
cover the voids which will exist on . dis-
persed battlefield, both the reconnatssance
battalion and the signal unit have been
increased substantially in strength and capa-
bilities., The former now has integrated
companies rather than {ntegrated platoons,
as well as an embdryo reconnaissance and
surveillance element equipped with elec-
tronic detaction devices. The full realization
of the potentialities of this reconnaissance
and survefllance unit and i{ts atrborne and
ground devices must await the production
and delivery of improved materiel. This is
one area in which subsequent revisions of
the TOE will probably reflect the great-
est  changes--dependent upon the oxact
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capabilities ana liriiations of the final pro-
duction modeis of materiel. Again, charges
in materiel will cause changes {n organiza-
tion and doctrine,

The exact t'.ning and control required in
coordinating an attack with an atomic strike,
the dispersal of units. and a requirement for
better and niore timely {ntelligence ave all
reflected in the organization and equipment of
the signal battalion {furmerly comgany}. The
precise accuracy and message control which
can be achieved through radio teletype sre
reouired for such purposes as coordinating
atomic fires, where no misunderstanding can
be tolerated. Moreover, this mcans is less
susceptible to enemy intercept and analysis
through straight voice FM traffic, which
brings an added measure of security against
enemy aiomnic attack. For these reasons the
capabilities of the signa! battalion have been
expanied botk by additional persovnnel and
additional equipment, principailly in the radio
teletype (RTT) field.

The ROCAD combat aviation companydoes
nol add a new capability to the division, It
is merely an organizational device which
concentrales a1l Army aviation into one unit,
in order that more effective n.aintenance
and supply procedures, and pilot rotation,
will insure the best aviation support of the
overall division missien., Ite doctrine of
employment visualizes assigninent of support
of all combat elements of the division on an
‘as required’ basis. Certain elementz of
the company will be earmarked for habicual
employment in support of the same units,
This is :specially true of support for the
reconnaissance battalion and division ar-
tillery, If maintenance difficulties or other
unforeseen difficulties render certain air-
craft inoperable, support can be quickly
reallocated so as to be applied to the most
remunerative area of effort. Thie type or-
ganization has permitted slmost doubling
the aircraft in the division without jeopard-
tzing their effective employment through or-
ganizational fragmentation and the resultant
maintenance difficulties,

The principa’ differences in the supply and
service echeluns of the division are the
addition of tank truchs and replacement of
certain 2! ton Ly 5 tun trucks in both the
unit and division trains, Since the mobifity
of the division is ultimately based on the
energy ecuation of petroleum fuel, the in-
creased consumption factors and powered
eyuipraent density demanded a more effi-
cient supply system, The number of cargo
trucks and consequently their POL con-
sumption has been held to an absolute mini-
mum, while at the same time the specialized
gasoline tankers will permitmovinga certain
amount of POL forward {n bulk which {a also
more economical, both from the standpoint
of manpower and the ton-mile fuel con-
sumption ratio,

13

ROCID

* Briefiy I have described the characteris-
tice and some of the employment techniques
of the new Armored Division; now I will
turn to the Reorganized Current Infantry
Division which we call ROCID, I am going
to stress this new organization {n somewhat
greater detall for it represents a more
radical change irom the Infantry Diviston of
WWIl and Korea.

In developing the basic structure of the
new {nfantry division (figure 2), ‘we have
attempted to anticipate future trends to the
greatest possible extent. Consequently, it
was designed to meet certain criteria. These
criteria are:

1. To be suitable for employment in the
{oraseeable future.

2. To be capable of integrating new
wezpons and equipment 2s they become
available,

3, To faciiitate the early incorpora-
tion of future operational and organizational
concepts {n training literature and service
school fanstruction,

4. To facilitate early training of com-
manders and staff officers in warfare of the
future.

In addition, a basic aim was to build an
infantry division around & preponderantly
strong infantry commponent, supported by cnly
those mintmum balanced elements of the
other arms and services habditually needed
to support the infantry component regardiess
of theater of employment. As a resuit, the
basic structure is lean. At the same time,
the design is sufficiently flexible to permit
the ready attachment of units to reinforce
the division for employment anywhera in the
world, ’

In comparison with our division of WWII
and Korea, ROCID {s smaller, more mobile,
and more flexible, One echelon of command
has been eiiminated, leaving the infantry
battle group as the only echelon of coinmand
between the rifle company and the division,
We coosider that this reduction in layers of
command will asoist in aneeding up the re-
action time required to meet the demands
of the atomic battlefleld. At the same time
the assistant division commander has been
provided with a staff ‘vhich will enable bim
to command a task force when and as re-
quired,

A comparvison, {u terms of organimation
and stren,th, between the old and the new
divisions and their infantry components 4!}
show that even though the infantry strength
{s some 3400 less, there are nevertheless 80
rifle platoons as compured with 81 in the
old division. Note also that the new division
bas more riflemen--2640--as opposed to
2187 in the old division, This has been made
possible by utllizing a larger squad, con-
taining 11 men instead of 9,
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Now .et's take a lcok at the components of
the ROCID division «“own in Figure 2. The
organization of major saupporting elements of
the division is tailored to facilitate support
cf the five batiie groups:

1. The divi:lon tank tattalion has five
companies of 1/ «anks each,

2. The division artitleary hae only twe
battalions, however, the light battalion has
five firing bhatteries, each having 3ix 105-1mm
howitzers. A committed battle group may
expect to be reinforced by a minimum of
one of these batteries, The general support
battalion has two batteries of six 155-mm
howitzers each. Its two other firing bat-
teries hoth have an atomic capability. One
battery has four 8-inch howitzers, The other
battery has *wo ""HONFST JOHN"''launchers.

}. The engiaecr battalion is organized
with five companies to permit one company
to be attached to, or placed in support of
each battle group.

4. The reconnaissance company of the
old divisien has been replaced with a re-
connaissance bSattalion containing three
armored cavalry companies, In addition,
the battalion headquarters company has bath
aerial and ground surveillance equipment
for atomic target acquisition,

5. A signalbattalion replaced the former
signal company, It is organized to provide
adequate communications and coutrol means
under conditions of increased dispersion and
atumic destruction. This communications
system, known as the area or grid system,
provides for muitiple communications cen-
ters to insure uninterrupted communications
during atomic warfare.

6. The division tra‘ns command con-
t2ins not only the usual technical and ad-

miniatrative sevvices and a pool of cargo *

trucks or lorries, but also an aviation com-
pany and two armored personnel carrier
companies. ,

7. The aviation company {s located in
the trains command to factlitate maintenance.

8. The two srmored pe:sonnel carrier
companies contain sufficient APC's to lift a
battle group and a half. This carrier lift,
together with his tank:, gives the divisiun

~commander the means guickly to consatitute

mechanized, mobile forces in rmany possible
combinations for a variety of missions. In
other words by adding these APC's to the
division, we have built in a tremendously
augmented mobility and flexibility potential.
The new APC now being developed will be
air-transportable and capable of swimming
across inland waterways,

9., The administiative services com-
pany incorporates the special staff agencies--
AG, Finance, and the like--also the former
replacement c>mpany,

10, In the new Infantry Battle Group,
the headquarters company contains three
combat elements, & reconnalasince platoon,

s’ S
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an engineer platoon and an AT platoon. We
expect to equip this latter platcon with DART
when it becomes available, In the interim,
the current 90-mm gua tank will probably
be the primary armament.

11. The four’identical rifle companies
each contain flve plataons. four ricfle pla-
toons and & weapons platoon. The rifle
squads or sections of eleven men are organ-
ized into two fire teams of five men each and
a squad leader. Each fire ieam contains an
automatic rifleman. Each rifle platoon bas a
weapons squad of twa light machine guns and
two 3.9 inch rocket launchers. A 90-mm
recoilless rifle is under development which
will replace the Y.S.inch rocket launcher
and give a greater antitank capability. There
are three 8l.mm mortars and two 106 mm
recoilless rifles in the weapons platoon.
Overall we consider that this is a large and
potent rifle company. With its heavier caliber
weapons, we can expect it to produce a much
greater value of fire than its predecessor,
The main heavy fire suppo:t for the rifle
companies of the battle group will bhe pro-
vided by the artii'ery mortar battery which
contains eight 4.2inch mortars. These may be
replaced,

The new diviston, with a little more **fox-
hole'® strength than its predecessor, is more
mobile and more flexible and utilizes span of
control more efficiently to reduce overhead,
We believe that its five Infantry battle groups
are powerful enougk to susvive as effective
fighting forces under operational conditions
which emphasize wideintervals anddistances
between them in the battle area. It is organ-
ized 10 irlegrate new weapons and equipment
as they become available. The inclusion of an
organic atomic capability within the division
is of particular significance. In addaition,
this division can quickly field powerful
mechanized, mobile task forces, We Leiteve
that” it will be able to dominice a gcodly
share of the battle ares.

Let us now consider how this unit will
function on the atomic battlefleld--or the
non-atomic battlefleld. In the latter case,
conventional weapons wanld provide the nec-
essary fire support, First we shail consfder
the division in the attack and then turrm our
attention to the defense.

ATTACK

The conduct of tae attack will vary inform
depending upon terrain, the enemy situation,
the number and type of atomic weapons
available, tactical alr support, andthe degrae
of air and ground mobility attainable. All
attacks will have one thing in common--
they will be charzcterized by rapid move-
ment to assault positions, vigorous assaults
and rapid exploitation,

We visualize the attuck (figure 3) a0 &
contt flow or m: t of forces tothe
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division objective. By this means, combat
power is applied continuously throughout the
duration of the attack. Action {s initiated by
one or more battle groups reinforced with
tanks and engineers attacking relatively
close-in objectives on footin coajunciion with
atomic and other supporting fires, Reserve
elements consist of one or more battle groups
with attached ranks, These units are mounted
in available transport, including APC's,
Throughout the advance, attacking elements
heavily engaged are rapidly bvpassed by
mounted reserve units, or reinforced by
these reserve units and/or atomic fires, if
required. Armored personnel carriers are
ideally suited for tranaporting this reserve,
The APC’'s will deliver the reserve units as
close to their objectives as possible, At thus
point they dismount and attack on foot, The
transportation withdraws to be used to lift
additional or reconstituted reserves for cimi-
lar future employment. Momentum and mutual
support are maintained by the rapid phasing
of these mechanized reserves intothe attack.
A measure of security from enemy atomic
fires is afforded by rapid movement of these
forces not closely engaged, and by dispersion
of reserves, In this form of attack, whern
given adequate atomic weapons of suitable
size, it is quite conceivable that attacking
units will not themselves become heavily
engaged. Rather they will locate and deter -
mine the extent of enemy dispositions, than
annihilate or neutralize him with atomic
fires.

- Another variation of the division attacx is
& mechanized envelopment (figure 4), This
maneuver consists of a rapid exploitation of
atomic fires by mechanized elements of the
division to seize the division objective. The
division may employ this form of attack in
sitvations where initial enemy resistance
can be neutralized by atomic weapons: em-
ployed in conjunction with secondary attacks.
Other factors favoring this maneuver are
relatively weak or over-extended enemy
defenses, and terrain which {s suitable for
mechanized ope~ations, For his secondary
attacks on initial objectives, the commanier
will employ minimum forces on foot in con-
junction with Yow-yield atomic strikes. In
this exampls, p2rhuape a single Battie Group

‘ reinforcement of tanks, engineers and ar-
tillery would be allocated to the secondary
attack, For his main attack, the commander
may smploy a task force under command of
the assistant division commander, Tvypically,
this task force would be built ‘around a
strong infantry nucleus--one or more battle
!rwpl--moqmud in APC's and heavily rein-
forced with tanks, reconnaissance units,

:ngineers, and artillery, together with on-
zall atomic weapons., Additional reconnais-
sance elements will usually be assigned the
mission of protecting one or both flanks
of the task force. Note also that a small

o
. 3

airlanded force is employed in a blocking
role near the division objective, To insure
success, the main attack must be charac-
terized by speed and violence in order to
deny the enemy time to react effectively.

DEFENSE

By way of {ilustration, figure 5 shows an
example of oue way [n which the division
might conduct the mobile defense. Well
forward of the defensive area, reconnaissance
aviation and a covering force proviaed by
higher headquarters furnish security and
give early warning of attack. Between the
covering force and the forward edge of the
battle area, the division :ommander estab-
lishes his own reconnaissance and security
forces. The Reconnaissance and Security
Line is located about 3 to 4 miles in front of
the main battle position, It will usually be
manned by forces provided by the forward
battle groups, augmented as required by the
attachment of other divisional units, par-
ticularly reconnaissance elements from the
Divisional Reconnaissance Battalion. The
security elements entablish a series of
lateral outposts, road blocks and observa-
tion posts. Reconnaissance detachments
probe to the front to maintain contact with
the covering force, locate possible atomic
targets, and thus extend the security to the
front, These forces have the misesion of
warning of enemy approach, covering the

. withdrawal of the corps covaring force, and

screening the main battle area by delaying,
deceiving, and disorganizsing the enemy. This
mission emphasizes locating suitable atomic
targets.

In our concept of the mobile defense, the
commander employes the minimum forces
to occupy forward defénsive positions. The
mission of the forces employed in the for-
ward defensive area is to warn of impending
attack, canalize the enemy intoterrain favor.
able for the defender, and block or imped
the attacking force, Note that the two forward
battle groups are disposed in & series of
orgauised positions extending acrnse the
forward defensive area. These organized
positions are of varied size and the forces
occupying them are prepared for all-round
defense, Coupled with these positions, a
series of observation posts {s alsc employed
across the forward area. To provide depth,
additional blocking and switch positions are
prepared in rear of the forward positicus
in accordance with the division com-
mander’s overall defensive plan. When the
forward positions come under attack, the
division commander may authorise certain
units to withdraw immediately to occupy
switch or blocking positions while other
units may be ordered to hold.

In the mobile defense, principal reliance
is piaced on bold and vigorous offensive
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action to destroy the enemy in the selected
tactical locality most favorable to the de-
fender, Thus the commander in this example
has retained the major portion of his combat
power in dispersed areas well in rear cf the
forward defensive positions. This force con-
sists of the divisional tank battalion and
three battle groups, one of which §s mounted
in APC's. These elements constitute the
striking force whose mission s to destroy
the enemy force at a time and place of the
commander’s choosing. All or part of the
striking force may be employed offensively,
as required by the situation. In some cases
a2 part of the force may occupy blocking
positions while the remainder executes the
counterattack. In any case, plans for em-
ployment of the striking force will include
maximum support by atomic and other fires,
As in the attack, the division cummander
may employ his assistant division com-
mander to command either the striking force
or the forces in the forward defensive area,

ROTAD

Many of the tactics I have described are
applicable not only to the ROCID Division
but to aur new Reorganization of the Air-
borne Division (ROTAD) shown in figure 6,
However, the latter is more often employed
tn an airhead type of operation where all
arcund protection is required. As a conse-
quence, each of the airborne division’s battle
groups contains five infantry companies
rather than four.

A glance at figure 6é will convey the
similarity between ROCID and the new air-
born» division, For your purposes it would
be well to note that this division is 100%
air-transportable and {ts personnel are
trained parachutists. There are differences
in the logistical supvort structure, the air-
borne division has a support commande: with
subordinate functional elements. The support
command is responsible for all lcgistics
support in an airborne airhead. The re-
connaissance element is smaller and lighter
and the artillery of the division does not
have the relatively heave 8' howitzers.

Employment Principles:
~.I, Firepower.--From the description of

" these organizations and their methods of

4uing business it should be obvious that
greater rellance is placed on filrepower--
both conventional and atomic--than ever be-
fore, Delivery systems designed to apply
this firepower from the small arms to the
guided nissile must be rugged and rela-
tively simpie to- operate., They will be sub-
jected not only to the rigors of groind combat
of the past but also to the threat of-.or
actual effects of--enemy atomic weapons.
{In this regard, a convenient eye shield to
prevent flash blindness is an example of a
rather obvious requirement.}
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2. Mobllity.~-<You should be impressed
by the mobile tactics that the new divisions -
will employ. To achieve the requisite me-
bility every effort must be made to make
individual equipment as light, as compact,
and as convenient as possible. Although
there is a comparatively greater degree of
mechanization, the foot elements of ROCID
and ROTAD are ever preseni, They should
not be dependent upon vehicles to discharge
their missions, and as a consequznce their
weapons and equipment must be capuble of
being broken down to man-portable loada,
For example, a great advantaze ofthe 106mm
rocoiliess rifle over {ts predecessor the
105mm RR {is that it may be dismounted
from {ts jeep-type weapons carrier and man
transported in several loads when required,
The 105mm RR was only as mobile as its
weapons carrier,

3. Dispersion.--Wider frontages and
greater depths, on a battlefield threatened by
hostile employment of atumic weapons, dic-
tate that combat units achieve groater dis-
persion, Often there will be gaps between
front line combat elements which will be
covered by reconnaissance, by fire, or both,
Under such conditions maintenance and other
required support from the rear will be
difficult, Again, as far as individual and
organizational equipment are concerned,
simplicity of operation and maintenance be-
comes extremely important, Whenever pos-
nible, repairs toorganizational and individual
equipmernt should be accomplished on a unit
exchange basis as opposed to minute {ndi-
vidual spare parts which require uait break-
down and reassembly,

4, Control and Communications.--The new
organirations and the tactics they employ
place a premium on communications and
control, Although wire will be used whezre’
possible, great reliance must be placed on -
radio. With radio, communications security,
adequate readability, and sufficlent power
sources are always problems, Of course
armored vehicles provide excellent power
sources for radlio equipment, however,
portable radio equipment for foot elements
must include the power source--batteries,
Operators of portable radios should be ahle
to operate them with thetir hands unen-
cumbered, particularly so they may use their
personal weapons.

5. Vulnerability to Detection,--Another
employment principle that may be inferred
from the discussion of organization tactics I
shall call vulnerability to detection, In the
past, we have given a dcgree of lip service
to camouflage and t, but
commanders took the problem lightly. Onthe
atomic battlefield, however, such passive
measures may be ﬂ:c most effective defense
against hostile atomic weapons. All Army
forces must therefore be provided with op-
timum equipment to accomplish the task and
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be trained and indoctrinated in its use, The
problem, of course, is even more compli-
cated when the mobile tactics of thc new
organizations are considered. Perhaps in
your work you can help ue findanswers,

6. Serviccability.--It goes without saving
that materiel for these units mustbe service-
able. I believe that in discussing the other
employmenl piinciples 1 have stressed the
point sufficiently,

7. Staying Pcwer.-~-The new infantry and
armored divisions are designed for sus-
tained operations; they have the requisite
staying power for such operations, Sus-
tained operations infer replacemant not only
of materiel but also personnel. Replacernent
personnel must be trained in the SOPs and
techniques of the unit, This may well have a
decided {impact on our materiel designs,

Again {t may be seen that simplicity a
couvenience are abiyolutely required,

CONCLUSION

I have described our new organizstions
and some of their tactica. Modern tactics
could well be described by one word--
mobility, [ have Lriefly discussed what I
choose to call employment principies to
include: firepower, mobility, dispersion, con-
trol and communications, vulnerability to
detection, serviceability, and staying power,
I hope that I have stimulated your thinking
and provided a platform for Col Fossum to
discuss the impact of these new tactics
and organizations on materiel objectives.

Thank you.

IMPACT OF NEW TACTICAL CONCEPTS ON MATERIEL OBJECTIVES .
Lt. Col. E, A, Fossum, Hq., USCONARC

Gentlemen:

Col Middleworth has told you how our
new tactical concepts and oryanizations are
based upon certain employment principles.
I will now attempt to describe, in a rather
general sense, the impact of some of these
principles on our objectives in the develop-
ment of new matariel, and some of the human
factors which are involved.

First, it has been sald that we will place
greater reliance on firepower, That means
that existing weapons must be replaced with
new weapons which will give us greater
lethality, longer effective ranges and faster
rates of fire, In other ‘wi.ds, we must be
abie to distribute more destructive energy
over a wider area in a given period of time
than at precent. Unquestionably this can be
done but there are many limiting and re-
L 13] ve factors which stand in the way of
thi Jeveloprnental objective, and one of the
most important of these is the human factor.

Let's consider some of these limiting fac-
turs in regard to one of ovr more common
and cimpler weapons,

Existing American machine guns are anti-
personnel weapons, firing a .30 caliber or
7.62mm bullet, wkich has plenty of punch
to knock aut an unprotected man, But {f the
man is in an armored carrier or a concrete
pill box, or even in a loxhole, he doesn't
have to worry much about the terminal
destructive effects of that ,30 caliber slug,
The destructive power of this bullet could
of course be beefed up, primarily by in-
creasing the weight and size of the ammuni-
tion and proportionately increasing the weight
and size of the weapon.Butyoucan'tincrease
the weight or bulk of either very much with-

) the machine gun,
which is fomiliar to all of us, -
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out going beyond the physical capability of the
crew to transport the weapon and its am-
munition, And if you make it big and heavy
enough to require vehicular transport, you
may have increased the destructive capacity
of your weapon, but you probably won’t be
able to put the fire down on the place you
want it, '

Let's look at ranges for a moment, Exict.
ing machine guns have effective ranges up
to about 2000 yards. If you increase this
range, you will have to make a bigger and
heavier cartridge to hold more propellant,
and a heavier weapon to withstand the in-
creased pressures. And since existing weap-
ons are effective about as far as a m.x
can see 2nd sight on his target, any increase
in range will probably impose a need for
additional sighting and target acquisition
devices. And now we are back on the same
old side of the same old circle. Additional
equipment means more weight, and more
weight means less flexibility of employment
of the weapor,

Now consider rates of fire. If you want the
bullets to come out of a machine gun faster
than they do at present, you must increase
its stability. Otherwise the bullets will spray
all over, particularly up in the air, rather
than on the {ntended target. Increased sta-
bility means Increased weight, particularly
in the mount. And as I have said a couple of
times already, the heavier the weapon, the
more difficult it {s to get it to the proper
implacement; and in this instance, increased
rate of fire isn’t worth much anyway, Present
machine guns fire faster than a gunner can
shift from one targetto another, and thereisn't
much pay-off in shooting faster at a single
target, because thatis just pumping more bul.
lets into a target that's already destroyed,




So, while we need more effective fire-
power, it must be provided without increas-
ing the burden on the individual soldier in
the case of infantry weapons, and without
substantial increase in the overall logistical
burdens in the case of large supporting
weapons,

This leads into consideration of mobility,
annther of the employment principles,

Elements of our new Army must be shifted
rapidly over comparatively gre:zt distances
for two basic reasons. One, in order to
concentrate our offens.ve power to exploit
the effects of modern weapons, And secondly,
there will be times when they must be
shifted quickly out of potential target areas.

All of this means that our soldiers must
be ready at all times to load up and move
out on any and all means of transport--
armored carriers, trucks, airplanes, and
helicopters. They must be able to unload
re:s<v to fight, or possibly already lighting.
This requirement for loading, riding, and
unloading from the confining space of any
type of transport--ground or air--has a
strong impact on our objectives in develup-
ing all types of individual weapons and
equipment, Any of you who have ever wit-
nessed American soldiers, under the stress

of combat, stumbling about with full field

packs on their backs and tripping over M-1
rifles and BAR's while they attempt to de-
bark from the comparatively roomy21/2-ton
truck, can well imagine the confusion which
would exist at a similar debarkation from a
more confining armored personnel carrier
or helicopter. This concept of frequently or
habitually transportiny troups over the battle -
fleld in ground or air carriers makes it
imperative that we materially reduce the
weight and bulk of all individual equipment
and hand-carried weapons, When the soldier
had plenty of unoccupied space around him,
weight was the most important factor in this
type of materiel, But now nvercall bulk and
compactness have become increasingly im-
portant,

However, don't take what has just been
said to mean that weight loses its impor-
tance. Trur battlefield mobility is not
-achieved solely by putting wheels and tracks
under the troups or wings and rotor blades
over them. The soldier will still be called
upon to move and fight on foot, and his
personal load mu:it be reduced to where he
can expend more of ais energy onthe fighting
job und less un merely packing around his
personal accoutrements,

Dispersion is another of the employment
principles which have a decided impact on
our materiel development objectives, A bat-
tlefield of wide frontages and great depth
with many unoccupied gaps and pockets
means that even greater effort must be made
to develop materiel which is characterized
by simplicity of operation and ease of main-

22

tenance. No 'ouger can we be assured that
there will be fully equipped inaintenance
outfits with trained mechanics and tcchni-
clans and large stocks of spare parts riglit
behind the comb:t units, prepared to keep
the fighting gear in operating condition. The:
maintenance support anits are going to be
out of reach when the going gets toughest.
The combat equipment must be simple and
rugged, and maintenance when it {s needed
most will frequently be limited to the im-
mediate action and on-the-spot first echelon
work that can be performed by the combat
soldier on the battle pasition. The equipment
must' be rugged and without complex frills
and gadgets to start with. And major re-
pairs: will probably have to be accumplished
by simply replacing the broken and damaged
part with a new assemblage which can be
quickly snapped, balted, or screwed into
place. .

None of these things I have mentioned are
new, We have always been striving for in-
creased firepower, reduction in weight and
bulk of equipment, stmplicity in operatton,
and ease of maintexance. Tou can examinc
the military characteristics for most: any
type of equipment--from a guided missile
tc a hand grenade--and you will find that
these are features which we as users have
always asked for. The impact of our new
tactical concepts om these developmental
objectives intensifies this need,

We have always wanted more firepower,
Now with wider frontages and unoccupied
gaps in the battle position, we must have
more effactive weapons,

Since Caesar‘s legionv stormed acroass
Gaul, the soldier's load has been too big and
heavy. But now that he must be transportsd
in confining carriers, as well as move faster
than ever before when on foat, the load must
be reduced.

Breakdown of equipment duringthe conduct
of a battle is obviously undesirable. Without
close and constant int e support it
becomes intclcrable.

Our new tactics haven't changed our de-
velopmental objectives. They merely make
the attalnment of these objectiver more
important than ever before, !ifting them out
of the category of being desired and making
thern imperative,

As in the “Old Army,'’ man is still the
basic component part of the ‘'Army of the
Future,**

Men will continue to impla .e our weapons
and other equipment, driving it in carriers
and aircraft to the proper place of employ-
ment {n some casss, and packing it on their
backs in others,

Men will continue to operate the weapons
and equipment, even thocugh some of the
‘‘trigger fingers'® may be replaced with a
push button type.

Above 2!l, as we rely more upon com-
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nlicated raechanical and electronic equipment,

. we must remember that nien ‘vl be required

to keep it opeiating on the battlefield,
- Qur new tactical concepts merely point up

more strongly than ever that military mate-
riel must be designed to fit the capabllities,
both physical and mental, of the meawho sill
wear the uniform of the United States Army.

US ARMY ARMOR BOARD ?RESENTA'NON
Capt, john J. Sullivan, Arm Bd., Ft. Knox, Ky.

In an opening address delivered by Dr.
Rollefson at the 1956 Human Factors En-
ginegring Conference, he described the aims
of your work as three:

1. To insure that the man and machine
are compatilie.

2. To insure that there {s a proper
division of work between the man and the
machine,

3, To obtain optimum efficlency and
capabllity of the combination man and ma-
chine,

These three aime can be considered as
they pertain to tank developmen. and tanks
{n existenc. today. At the Armor Board the
tests conducted usually apply {n some way
to aim number one; are the man and machine
compatible? We come up with such things as
{quoting from recent tests): ‘‘the driver's
knee strikes the udometer when he applies
the brakes suddenly''; or, ‘‘when the gunner
tries to elevate manually he hitshis knuckles
on the (you rame {t)'"; or, ‘‘insufficlent
room is available for a mechanic to perform
hs tasks.'* These are examples of user
experience which can bs used by the tech-
nical services to improve equipmaent design,
and consider the influence of the human fac-
tor on this equipment,

The tank we have and its ability to ﬂlhtb

43 a combination of man, machine, and
training, It is hard to draw the line whaerve

one stops and the other takes over. They
are interwoven., At Fort Knox the mission
of the US Army Armor Human Research
Unit, working under CONARC headquarters
and George Washington University, {s todls-
cover the best way tn train our tankers on
the equiv=ient we bave today, They not only
want to train them to learn how to use it
but they want them to retain whkat they learn.
As a result of thelr work they come up with
many suggestions which point to the design
of materiel as being one of the factors
contributing highly to the problem of training
our men to use the equipment available.
Right now they are interested, among other
things, in track maintenance of our tanks.
How do we teach & man to maintain his
track? What type of inspection is wsed;
how frequent {s tha inspection; what results
do we get? Are we perhaps over-maintaining?
Their work {s directed clogely to aim num-
ber 3--.obtaining the optimum nf efficiency
and capability in the combination man and
machine,

= £

A thought on aim number 2,the division
of work between man and machine, is offered
with the knowledge that more work by men
in your field is necessary. Let's look at a
simple tank fire control system, consisting
primarily of a coaxially mounted telescope.
The tank commander estimates the range
to the target, gives a fire command to the
gunner, and the gunner takes over, He fires
his first round; let's say it s a miss, Then
he uses the '‘burst-on-target’ method of
sdjustment, the gunner moving the strike so
that the second round would be more likely
to be a hit,Inthis adjustment the gunner notes
on his sight reticle the point at which the
tracer passed the target, and moves this
aoruaa of his reticle to the target con-

re

What we have on our tanks today is an
attempt to increase the probability of a hit
with the first round, Recall, in the instance
mentioned, we said we probably had a hit
on the second round, By studying the ability
of human beings to estimate range, it has
been discovered that thare is a certain
average srror. If we sliminate this error
we incrcase our probablility of & first round
hit by so much, For this we added a rangs-
finder to our tanks. Thus on an M48 tank,
the range-finder, periscope, gun, and com-
puter are connected together by mechanical
linkages, Our tank commander uses the
range-finder to range on the target; auto-

. maatically range data arc fed into the com.

puter, which considers the ammunition and
moves the periscope line of sight by the
proper smount of supsrelevation (theeleva-
tion required to reach the round to the
target), 20 that as the gunner lays his cross
on the target the gun ts elevated for that
range. We have eliminated the human re-
quirement to est'mate range and sudbstituted
the human requirement to use the range-
finder,

However, experience has shown that sonw
of the men in our tank crews can't use the
stersoscopic range finder; for thosc who
can, the problem of training and maintaining
& proper level of proficlency (s a major
one, Today, development (s therefore pointed
to & full-field, superimposed, colncldence
type of range finder; and it {s expected that
such equipment will better fit the man,

To get a still higher theoretical probabil.
ity of a first round hit, it was found secessary
to include such itams as drift correctors,
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cant currectors, and so forth, In fact, there
{s presently under development an electronic
computer which has the capability of cor-
recting for such additional factors as wind,
gun droop, verti.al and borizontal jump, and
geometrical parailax. It must be admitted that
{f we are to get a high probability of - first
round hit, this may be the only way to wo it;
to reduce our known errors, some uf wilch
are human, Rut, the question is raised: by
# iding all this gadgetry, what have we done
tu the human being in that tank who is trying
to use all of this. Today, when a soldier en-
ters a tank, the first reaction i{s one of
amasement at the amount and complexity
r? the equipment, The transmiseion of data
ta done electrically in some tanks, requiring
all sorts of electronic units; in some tanks,
cant correctors must be leveled by hand;
other cant correctors now com ag out will
be automatic.

Don't misunderstand, The Armor Board
{s not against automation. If we could push
& button and thereby destroy an enemy tank
we would be all for it. However, there 1o
svidence that our soldiers today arenotusi. ,
this costly equipment properly, and, in some
cases, not at all, I {t the men? The equip-
ment? The trainini? Studies such as yours
should assist in pointing to arsas most in
need of improvement,

Some refinements added (n an attempt to
satisly user requirements may introduce
additional errors. One exuinple of thie is in
fire control linkagee' {t has been found that
temperature changzes, caused even by the
crew turning on the heater in the tank, are
enough to move the line of »sight of the
periscope. As a result a temperature com-
pensated linkage has heen develnped, Alno,
{n the 120-mm gun, under certain {iringcon-
ditions the obscuration of the target {(the
inability to observe the tracer due to smoke,
dust, or blast) prevents application of burst-
“on-target adjustment. This, in effect, makas
sach round a first round, If yon have fired
8 carbine you recall that at one time there
wers two range settings on the rear sight,
Sume firing courses required firing at three
different ranges. In order to hit the hillasye
the {ndividual had to adjust his sight picture;
he efther took a lit'le hlack or allowed a
little white. He was adjusting to fit the firin
characteristics of his gun and fire contro
system. On tanks, gunners can do the same.
They can adjust to such things as the AP
hitting low and right and the HE going high
and to the left. ThLe gunner knows the first
round of the day i» 1uln. to be a wild one,
so gets it off quickly and out of the way.
But when we add our refinemente we bave
eliminated much of the human element and
we have also decreased the capability of the
human being to influence the projectile
strike, In the simple system, {f the gun
were hitting a little low, the gunner would
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aim a little high. Today, with tae manyitems
utilizing in the fire control system to place
the shot into the target, and with possible
variations in the {nformation fed by these
items, the gun might conceivably fire low
now and high one hour later. The humang

element beln{ reduced, his ability to correct
8 alsn raduc .

Before leaving the subject of tire control,
a single simple example of how user ex-
perience influences the design of equipment
shoult be cited. The coaxial telescope over
the years has had one msjor drawback. The
eyepiece moves vertically with elevation and
depre..ion of the main armament, forcing
the yuiiner to crouch way down in his seat
at max mum elevation and stretch or actually
rali se himaelf off the seatsatfulldepression-.
and the arc of travel kept getting longer as
guns gct bigger, The solution to this problem
was quits stmple, The telescope was ar-
ticulated so *hat large movements of the
forepart o! the telescops tube produced only
a smatl movement of the eyeptece. The
TI72 telescope mounted {n the. Te3E2
tank {s of this type. Other developmertal
tanks will have similar coaxial tele-
scopes.

In the case of the general purpose wheelod
vehicles considerable progress has been
made in a general way in the matters of
instrument desige sad location for essy
reading, lessening the number of instruments
which need be read, etc., and in the im.
proved design and location of controle. The
greatest problem however, yet confronts us.
That problem conceras the ride quality for
the operator, and its most difficult aspect
concerns the vibration to which the operator
ts subjected, Such vibration can be detri-
menrtal to health, {s obvioueiy fatiguing, and
impairs safety by making machine control
more difficult, At the present time we find
in many types of off-rosd operations that
the top limit to speed of movement {s not
dictated by the capabiliies nor ruggedness
of the maching, but rather by the abuse
to which the driver ls subject by vibration
with ite attendant loss of machine control
by the operator, B

The Armor Board {s currentlytestingaus-

nsion type seats for usein wheeled vehicles.

or certain applications the seats appear
prumising, but the use of such seats crestes
a new problem: the perfect suspension seat
would completely leolate the operator from
his inachine; the operator would trave! {n
pure, uniform, ose-directional translation
subjected to mo lateral or elevating dis-
placements whatsoever, regardless of what
vibrational gymnastice the wvehicle might
be undergoing st the time, Such a seat
would unquestionably eliminate those phy-
stological impalrments or {njuries which
are caused by vibration, but the probiem
of control would still remais if the controle
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were tigidly fastened tothe *'bucking bronco**
vehicle,: .

The Armor Boa~d suggest: that the entire
operator's station, to include both seat and
controis, must be i1solated from the vibra-
tion of the vehicle if the ideal is to be
achieved, An alternative of course would
be the design of a vehicular suspension ays-
tem so effective that the driver, his con-
trols, and the vehicle itself, less {ts running
gear, would travel in pure viuration-free
transiation. This {s not believed to be a
proper and sealistic goal because of the
problems of mechanical complexity which
would ariss, Much of the complexity and
weight of today's trucks is caused hy the
necessity for a suspension system, which in
turn makes necessary the use ofanarticulat-
ing power train replete with universal joints,
extensible shafts, etc., all in great numbers.

There appears to be one other relatively
unexplored approach to the problem. That

et

is the position which the operator is required
to assume in his vehicle. At the presenttime
we “plunk’® him in his vehicle on the end

.of his tail bone and in such a way that he

is denied any good opportunity to cushion
shock by use ot his own bones, muscles, and
joints, It is as though we eliminated the
stirrups from the saddle so that the cavalry
trooper could not post at the trot, Possibly
we should seat the truck driver as though
he were operating 2 motorcycle and permit
him to tak~ better advantage of his
God.given thock absorbing character-
tstica,

The Armor Board considers human en-
gineering as a fertile field and its applica-
tions in the developmen: of combat vahicles
to be of prime importance, and re-empha-
sizes its comment of last year, ''Human
factors must he taken into account from
the be;lnnin( of the ecarliest design
phases.”

THE INFLUENCE OF USER EXPERIENCE CONCERNING HUMAN FACTORS ON
EQUIPMENT DESIGN

Maj. Nelson A, Mahone, Jr., Avn Bd., Ft. Rucker, Ala.

The United States Army Aviation Board
has the mission of conducting user tests on
Army aircraft and allled equipment, In con-
ducting these tests initial Army user expe -
rience is obtained, and defictencies found
are reported for corrective action throngh
the research and cevelopment agencies, We

.can congirder the Army Aviation Board us

the primary feeu-hack circult to the re-
search and development sysiem for Army
aireraft, Influence of these tests {s exerted
through the medium of military characteris-
tics, tesi reports and unsatisfactory equip-
ment reports, .
Although we tend to associate user testing
with the test of a major item of equipment,
much of the Aviation Board's testing {s
wonserncd swith compoanent teating orfented
directly at the human factors aspects of the
design. Much of the testing has the single
purpose of determining how and to what
extent the item matches the physical capa-
bilities of the aviator who is to be the user.
[ am {n no position to provide a complete
analysts of the infiuence of Novard projects
on human factors engineering, but I shall
attempt to present pertinent {deas and con-
siderations in the application of such en-
gineering as regards the design and testing
uf Army alrcraf* and allied equipment,
Although man may te considered a vari-
able in many respects, he {s not, in general,
as adaptable to broad physical changes as
{s the design of a machine. Therefore, when
I speak of human factors engineering in
this paper: I mean, essentially, the engineer-
ing required or appropriate tofitthe machine

to the capabilities and limitetions of the
man rather than fitting the man tothe machine.

User experience has exerted an influence
on what we nrw refer to as human factors
engineering since the dawn of civilization.
Numerous examples may be found in every
period. Today many of these ‘nfluences have
evolved into what are now accepted a»
merely common sense or practical design
practices, For {nstante, today we would
probably not even consider incorporating
musele loading features into a new Army
rifle. A vast array of user experience has
taught us the many undesirable human fac-
tors characteristics tnherent in the muzzle
loader., We have the user on one hand,’
constantly searching for an item which will
perform more efficiently, yet require less
training of fewer operating and maintenance
personnel, On the other we have the designer
who i constantly striving to fulfill the user's
demands. Since each of these requirements
{s » direct reflection of human factors en-
gineering, it is not difficult to see that every
item .being deaignel today will evolve as a
resuit nf some human factors as influenced
by the user, '

As an example, consider s relatively new
ftem requirement of jet airplanes, Runway
length requirements for landing purposes ary
affected to a large extent by landing specd.
With the highly wing loaded airplanes of today
s landing speed differential of five knoty
can make a considerable difference inlanding
“Roll out.** Therefore, the lowest safe speed
for landing should normally be used, However,
the high rate of fucl consumption of the




modern jet airplane can change this safe
speéd by as much as 30-40 knots between
the conditions of full fret load and low fuel
load., The pilot is required to note his fuel
status and mentally compute what his ap-
proach and landing speed should be., Now {f
for any reason the piliot is unable to land
and has to go around for a second attempt,
the high fuel consuraption may lead tc a
different approach speed being required for
his next approach. Furthermore, this addi.
tional mental stress {3 occurringatacritical
pericd of the flight when maay other opera-
tions, such as activation of landing gear,
spood brakes, flaps, power adjustments, etc,,
must he remembered in a designated se-
quence and within a very short period of
time., Ta seliove the nilot of this additional
mental manipulation during a critical period,
an angle of attack {ndicator has beeninstalled
on some of the: new airplanes, When used
properly this item deletes the requirement
to remember and compute approach speeds,

What are the criterfa by which we judge
or rate human factors engineering considera-
tions? Recently I heard stated eight specific
objectives in the design of man-machine sys-
tems, These were:

}, Speed and/or quantity output,

2. Quality of oatput,

3, Relabllity and maintainability,

4, Minimum personnsl sub-system de-
mands,

S, Performance under strcss,

6. Safety and Habitability,

7. User acceptance.

8. Adaptability to future improvements.

These are in fact the pay-off criteria in
design, They tend also to describe the
various subsections of our military charac-
teristics,

User tests are conducted by the USCONARC
Boards for the purpose of determining the
adequacy and sui‘ability of the item when
operated under field conditions and as re-
flected in the military characteristics, From
this we might infer that user testing is di-
rected toward determination ot the adequacy
and suitability of the human engineering
practices involved, and to a large extent
this i{s true. Any user test that does not
include consideration of rompatibility be-
tween the operator and the machine may be
considered incomplete and invalid. However
the degree of success achlevea by humanen-
giveering must be evaluated not only interms
of such direct measures of man-machine
performance as efficiency, operability and
reliability, but also by reference to: the
training and man-power requirements im-
posed by new equipment; the possibility of
providing adequate safety and habitability;
and the feasibility of supporting and main-
taining such equipment {n the fteld,

Deficlencies {n design caused by either
fatlure to conelder the man and/or fallure
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to consider the environment in which the -
system will operate can be and usually are
discovered during user test. Correction of
these deficiencies at so Iate a stage in the
development cycle i+ costly, time consuming,
and often results in interaction with other
design features, thus setting off a form of
chain reaction, The primary effect is usually
fir«t noticed in & new or veplacement type of
equipment of similar design. The Aviation
Board contributes to this effect by including
those desirable characteristice of human
engineering nature is new military charac.
teristics as they are prepared. These char-
acteristics, however, are subject to vartous
interpretations throughoat the development
cycle and require close coordination of user
agencies with all development agencies con-
cerned. This is necessary to provide for the
correct interpretation of the military charac -
teristics and (0 insure that lessona learned
previously do not go unheeded. As the de-
velopment {tem goes through the mockup
and prototype stages, user personnel must
stay alert to point out those features which
wili adversely affect the system when oper-
ated unde:r fleld conditions. The fact must
be kept constantly i{u e, (hat the equip-
ment must be designed for operation under
field conditions where the operating environ-
ment is somewhat less than ideal and op-
portunity for input of human error increases
rapidly with complexity srd stress: level
imposed by conditions, :

As an example, in the fleld of atrcraft
controls there are st least six types of
error which have a high rate of occurrence,
and each is affected by environment and
status of operation, These errors are: sub-
stituting one control for another; adjusting
the control improperly; forgetting toactivate
the control; moving the control ir the wrong
direction; unintentionally activating the con-
trol; and not being able to reach the control.
These errors have been known for some time
and much has already been accomplished to
alleviate these error-sources by standard
color and shape coding, specifying standard
sizes and Jocation of the controls, and
specifying a standard direction of move-
ment of the control, These specifications
and standards are kept up to date by a joint
Army, Navy, Air Force panel, and much
progress can be noticed in the newer atr.
craft with regard to compliance with the
standards, The user, however, must remain
alert to the possibility of error sources
overlooked during develapment.

As a further eas.aple, we can look at the
problem of alrcraft instruments. At present
a sizable portion of the Board's effort {s
directed toward the tcst and determination
of the most suitable avatlatle instrument
presentation and display. In the past, four
types of instrument design have been found
to contribute to the largest percantage of
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errors. These include: multi-revolution in-
siruments, in whicu the primary indicator
malkes more than one revolution of the dial;
twe or move pointers on the same instru.
ment; certain designs which aggravate the
possihility of reversal of reading; and instru-
ments requiring the viewer to exercise a
memory function, We would, of course, like
to have a systein that diduot reyuire memory,
transition of thought, or interpretation, thus
deleting the sources of error. In the absence
of such a system at present, we are consider-
ing {nstruments which uperale ina **natural
manner, so as to minimize transition and
interpretation and thereby recuce the de-
mands on the pilot. .

In order to consider the influence of
user experience as {t ~oncerns the Army
Aviation Board, let's take a closer look at
the manner {n which the user evaluates and
influences human factors in equipment de-
sign,

When an itern 13 received for test, it is
examined and checked in detatl, and « short
period is spent becoming familiar with the
operating procedures and gaining proficiency
in the use of the squipment, Invariably
deficient design features are discovered even
at this early stage and, {f of a major ncture,
immediately *'‘fedback® into the development
system Lv means of the unsatisfactory equip -
ment report and/or consultation with the
manufacturer. At the end of this period,
when the project officer is thoroughly famil.
iar with the item, the actual field testiug
is started, Flight tests are conducted under
day, night, and {nstrument conditions to
determine the performance quality, rella-
bility, iaintainablility, safety and habitability.
Consideration is given to growth potential
if applicable, If the item tested is an air-
~raft, it will be operated from the areas
and under the various load and weight con-
ditions expeccted under actual operating con-
ditions, Long hnure in the air may indicate
that a pilot fatigue problem exists, This
could be the result of poor seat design,
tnstrument a.rangement, cockpit lighting,
control locations or any combination of
these or other things, Recent tests coraucted
on one helicopter design showed that the

" pitot’s and ccpilot's “seat design in thia °

aircraft was unsatisfactory for one par-
ticular regime of f{light: the location of the
control sticks prevent the pilot from taking
advantage of the support provided by the seat
back while he i{s manipulating the controls,
A change has been recommended to correct
this sftuation. At times the standard in-
strument or control arrangement may require
changes in order to meet all the operating
conditions, Thus the {deal design may have
to be compromised. As & result of testing
under the operating conditlons expected for
the aircraft, such condition was found to
exist with this same relicopter, Location of
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the flight and engine instruments appeared
satlsfactory when operating from large open
arcas with externalloads. However, when tak-
ing the same load out of a confined area and
over obstacles, the division of attention
between outside the cockpit and the engine
instruments inside the cockpit was too de-
manding on the pilot to allow safe efficient
operations. Accordingly a completely new
arrangement of {nstruments has been rec-
ommended, In another case pilots found
that after several hours of flying at night,
excessive eye strain was encountered and
the instruments appeared to blur and dis-
place, crcating vertigo or disorientation of
the pilot. The primary cause of tufs phe-
nomenon was traced to the cockpit and
instrument lighting. The results of this test
brought about a satisfactory lighting system
in future models,

Another phase of test is designated the
tranaition training phase, and is conducted
for both aviators and mechanics todetermine
the rclative complexity of the item when
considered in conjunction with the human
element, Other aspects of a human engi-
neering nature are considered to determine
what level of training the man will require
to more efficiently operate the overall sys-
temn. Throughout all phases of these and
other tests, the maintainability and rella-
bility of the system is subjected to rcpeated
review and testing. In order to adequately
cover sach of the eight objectives delineated
earlier, approximately 300 flight test hours
are accumulated on the equipment, In addi-
tion, malutenance time of from | to 12 hours
per flight hour {s required, depending upon
the individual design and to what extent human
engineering factors have been considered by

- the designer,

No immediate or apparsnt results are
noticed {n most cases. However, the influence
{s felt in the education and tiinking of re-
search and development personnel, and even-
lually brings about a chinge in the unsatis-
factory feature. Through the years certain
items or design features have been deter-
mined to be desirable and others to be
undesrivable. For {nstance one airplane pro-
cured for the Army was provided with the
pilot's seat adjustable fore and aft but
sliding on an inclined plane, As the seat
moves [crward it also rises. On the surface
this appeared to be a guod feature, In actual
use it became apparent that the design was
undestirghle. The short aviator found himself
in an unnatural and uncomfortable pusition
which made it difficult to use the rudder
pedals without activating the brakes., As a
result cf this, two-way adjustable seats
are now specified in most of the newer
military characteristics for aircraft,

Airborne communication equipment has
been changed considerably also as a result
of user experience, Three or four years
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ago, all Army airplanes were equipped with
separate headsets and microphones. Through
user test it was determined that safer and
more efficient operation was .Stained when
the microphone button was i.cated on the
throttle or control stick and used in con-
junction with a combination headret and
microphone., This leaves the piiot’s hands
free to handle the controis. This was rec-
ommended and at present the headset with
microphone attachad {s becoming standard
in all Army aircraft.

The most marked irdication of the in-
fluence exerted by the :ser is in the main-
tenance field, however. peration in the ficld
has indicated a neces ity for rapid disas-
sembly and assembly for inspection and
repair services. Previcusly this meantmany
hours of laborious disconnecting and con-
necting fittings. Due to requirements levied
by the user, quick disconnects have been
designed and are being employed for every-
thing from fuel and hydraylic iines tacontrol
cables. These features are usually implied
in the m'litary characteristics and specified
in type specifications.

Another point of emphasis from the users
viewpoint {s that of giving due consideration
to **Murphy's Law.’’ Paraphrased, this law
states that tf an item can be assembled
or a job can be accomplished in a manner
other than correctly, it will be. This one
thing alone is the clue (o many fatal aircraft
accidents.

There is a case on record which indicates
thas & piiot entered the traffic patternandput
his landing gear control in the down position.
To his consternation, the landing gear faited
to extend and upon checking his instruments
he found that his {laps indicated down. By
experimenting he discovered that his flap
control actually controlled his landing posl -
tion. After determining the situation the pilot
extended hls gear and executed a safe and-
ing. The mechanic had to force the connec-
tions, but he had managed o connect the
flap hydraulic lines to the gear and the year
lines to the flaps. It sounds incongurous but
! can assure you it did happen. We recom-
mend that the ‘‘go, no<go'' principle he
applied wherever possible as a direct result
of such incidents.

In all instances the safety aspects of
human engineering must be considered. It

was originally thought that a helicopter
pilot wouid have his hands too busy to acti-
vate an eme.gency external ioad release
manually. Therefore jn initial designs, the
release vias placed on the cockpit floor
where it could be foot operstad. Experience
later proved this reasoning erroneons, We
are now including in the new helicopter
military characteristics a stipulation that
the emergency manual release be handoper-
ated.

In other respects wehave falledtoconsider
the complete man-machine system 'n suffi-
cient detall to determine all the necessary
features prlor to test. Apparently not much
thought was given to the static electrical
potential of a helicopter as long as it was
in the air. It wae only by user experience
that we found a problem does exist. When
picking up externsl loads, & ground crewman
is presently required to manually prepare
and hook up the load. In doing so he estab-
lishes a ground contact. Sufficlent electrical
potential to knock this man down has been
encountered in several instances. A solution
fur this problem {e prezently being inves-
tigated and {f successful, will be retrofitted to
existing helicopters and included on all new
ones procured.

1 think you can sce that in considering
the pilot as merely the control in the mane.
machine zystem, everythiry possible mustbe
done to provide thix control with accurate
data, simply displayed without need for in-
terpretation, if efficlent operations are to
be accomplished. If through lack of consid-
eration of the human element the control is
over-loaded, recelves erronecus informae
tion, or {s unable to activate the necessary
sub-systems, the entife system falls either
wholly or in part in its capability to perform
thz mission.

In summary let me emphasize the pointthat
user testing by the U.S. Army Aviation Board
can be considered to a large extent a test of
the degree of human engineering designedin-
to the equipment. Thus, the military char-
acteristics, many of the unsatisfactory
equipment reports, and the recommendations
provided to HQ US CONARC by this Board
will exert a high degree of influence on
equipment design through user experiencs.




V. TECHNICAL SERVICE PRESENTATIONS TO THE CONFERENCE

1. MANUAL PERFURMANCE IN THE COLD

Dr. E. Ralph Dusek, Clief, Psychology Branch,
Envirconmental Protection Research Division, QM R&E Center

° A soldier’s hands are indispensable for the and digital skin temperature decreased
carrying ocut of his inany military dutiee. systematically with increascd windchill,
Moucrover in modern armies the Jdemands Furthermore, performance tin.e on the man-
made on the hai'ds have increased tremen- ual task was essentially a linear increasing
¢ dously as a result of incrensed complexity function of windchill over the range studied.
of ciuipment, as well as a result of the Using performance of the control groups as
greater range of environments in which a reference. the approximate loss of per-

armics must be prepared to fight. To meet formance for the low and high  wirdchill
these increased demands particular atten- Troupl (800 and 2200 KyCal/m“/hr) was
tion must be given to the cffects of cold 2 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 rmanual performance; however, the results show that windchill has a sys-
in general the repr.ts are based on per- tematic effect on both mean skin temper-
formance of very complex unstandardized ature and digital skin tcmperature, The
tasks under highly variable ambient tem- relationship between these two dependent
prrature 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.
ancther., Thus, rcduced hand efficiency may Since the above experiment did not re-
or may not be strongly related to cold hands. cuire fine finger manipulation, another study
To correct these inadequacies, a series of was performed to relate this aspect of man-
studies have been conducted in an attempt udl performance to lowered skin and ambient
to relate different performance factors or temperatures. Eighteen subjects served under
daxterities to finger skin temperatures and each of four different ambient temperature
to physical variables such as ambient tem- conditions (35°, 45°, 55° and 75°F). They
perature, windchill, and handwear design. wore the Army wet-cold uniform except
s The information derived from these studies for having their hands bare. During the
‘ ehould bave practical value for designers =~ experiment the subjects’ hands cooled for

of hendwear and manially operated equip- thirty minutes following which they per-
ment. formed on three tests known to measure

An initial study was conducted to evaluate at least two different hand performance
the effccts of air temparature, windchill, factors, fine finger dexterity and gross hand
and physiral cxercise 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-
differcnt conditions involving two temper- oration in performance on each test as
. atures (-15° and -35° F) combined with ambient temperaturs decreased. Moreover
five wind speeds {5, 10, 1S, 20 and 30 there was & 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. «f impairment relative to performance at
The men in the experimental groups wore 75° F varied among the tes.s, suggesting
the Army arctic uniform, The experimental that the cold was affecting the factors meaas-
procedure consisted of 25 minutes of cooling urcd 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 finc finger dexterily 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 35° F condition the im.

exposed to the lower temperature (-350F) pairment was approximately 45 and 20 per-

took consistently longer to performn the cent, respectively. Thus in the first study

o tasks than groups expcsed to -15% F, Body discussed the estimated loss in manual
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performance as a function of windchiil is
conservative since the testused was weighted
fur gross hand dexterity. A further break-
down of the fine finger dexterity test re-
vealed that the tasks requiring the use of
both bands were affected most and that lest
hand was affected more than right hand
performance.

In order to evaluate the relationship be-
tween pertormance on a test and indexfinger
temperature, correlations were calculated
between these measures, bul none were
significant.

In both of the previous studies manual
performance and finger skin teinperature
were dependent variables and the correla-
tions between these variables were neglizible.
In a subtsequent study another experimental
design was used in an effort to swaluzte the
relationship between these two variables
without resorting tocorrelational teckniques,
The purpose of this study was to datermine
the extent to which local hand temperature
affected performarce when the ambient tem-
perature surrounding the rest of the body
was cortrolled. The design involved close
inonitoring of finger temperatures, and ad-
ministering performance tests at certain
predetermined temnerature levels. Sixteen
soldiers were used in this experiment, which
was conducted under two conditions. One
condilion invclved working in an ambient
temperature of *15° F. The other condition
involved exposing the hands to +5C F while
tiie est of the body was surrounded by a
75¢ F ambhient temperature. Manual per-
formance tesats wrre given immediately on
entering the controlled temperature room
or on placing the hands in the cooling box,
and again when the fifth digit on the left
hand rearhed 652 and 50° F, respectively.

Differences in perfarmance attributahles
to the two conditions of cold exposure were
negligible; however, lower performance
levels were associated with lower hand skin

temperatures, Pelative to performance upon

first entering the cold, performance at a
skin temperature of 65 & had decreased
by 5 and 9 percent on the two tests, and at
S0° F the respeclive decicnses were 27
and 23 percent. From these results it was
concluded that finger sakin temperature is
reclated to manual performance, and that the
ambient tempe. ature sarrounding body areas
other than the hands and wrists had little
effect.

In still another study an attempt was made
to determine whethe~ impairment in per-
formance on a complex task in a cold en-
vironrr.ent could be prevented by maintaining
the hand.: ait nurmaltemperatures eventhough
the rest of the body was cocled to subnormat
ternperatures. Twelve goldicrs dresscd in
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shorts performed in scontrolledtempecature
rocm maintained at 45° ¥, The experimental
group kept their hands in a warming box with
a temperaturc hetween 909 and 1900 F in
order to keep the {inger skin ternperature
above 80° F, The subjeci performed on enter-
ing the room and ontwo subsequent cccasions
when the mean body skinteruperatuce dropped
to 82° F,, and to 792 F. The contro! group
placed their hande in the box which was at
the room temperature {452 F). Th~ temper-
ature of the fifih digit of the left haud was
monitored and the tests were administered
when the subject entered the room, and
again when fingertip temperature dropped
to 65° F and 559 F, respectively.

Performance on the two tests was not
affected when the hody ccoled, but the hands
were kept warw:; howaver when hoth hands
and body were cooled simultanzonaely per-
formance dropped off as in the prcvious ex-
periment. Thus maintaining hand wirmth by
applying heat locally appears to facilitate
hand performance when the indvidual ex-
periences cold stress,

Future rescarch will involve further study
of the hand temperature and hand perform-
ancc relationships. The rext experiment
ptanned will study specifically the elfects
of different rates and degrees of hand re-
warming on rerovery of manual efficiency.
This work will have direct application on
adesign of protective devices and on training
in operational techniques to be ueed in
arctic environments.

The citect of handwear design en manuat
performance and skin temperature has been
evaluated in two human engineering studies.
In cne study the *‘Chinese Sleeve,* a type
of muff exiension on the Parka sleeve, was
found to have auparior thermal protection
characteristics withm® jmpairing manual
functioning any more than the standardarctic
mitten. In the other study which ir still in
progress the numher of movable fingers
available 1n handwear was® systematically
varicd., Preliminary analysis indicates that
efficiency of performance on a number of
tests is positively rvelated to number of
movalle fingers. Hand cooling associated
with these designs is currentlv being studied.

The corabinatiun of psychophysiological
and human cngineering research ofters a
dual approach to problems of eavironmental
protection, The paychaphysiological ressurch
provides information on the capabilitiss of
individuals under cold stress and techniques
for reducing the effectr of this streas.
Huraan engineering reeearch attacks the
problem of loss of hand effliciency imposed
by handwear design ard other protective
devites, Both the handwear desigrer and
the design engineer may use the knowledge




of the differential effects of cold on'various
dexterities to advantage. -The increased vari-
ability of performance found with decreaged
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uals react differentlyto environmental stress,
and raises a further qucstion as to whether,
through selection procedures or training,

ambient temperature suggests that individ- such variability could be reduced.

2. Selected Significant Results ot Recent Unpublished Research Within the
Research and Development Diviston of the Oifice of The Surgeon General

Colonel Charles W, Hill, MSC
Chief, Human Rescurces Reqearch Branch,
Research and Deveiopment Division, OTSG

The prircipal responsibility of the Office
of The Surgeon General in regard to Human
Factors Engineering lies in the scientific
area of psychophysivlogy, or physiological
psychology. Research results are sought in
this area which will contribute to the de-
velopricnt of new or improved human en-
gineering principles for application by each
technical service, including ourselves, to
the design of its specific pieces of equip-
ment, shus, the 1aboratories of The Surgeon
General are focussing their attention upon
basic questions ir vision, hearing, motor
coordination, etc., in order to identify and
quantify the performance characteristica of
the soldier in terms of his capabilities and
limitations.

Although we accept this responsibility for
providing basic data on the human body,
unfortunately we have neitber the funds nor
the facilitics to work on all the problems
crying for aitention in this area. Selective
digging down into the more fundamental
levels must therefore be conducted by all
the technical services whenever their human
engineering applications are impairedthrough
lack of kncwledge. Such a procedure should
insurc¢ steady, optimal, overall progress,
with intsgration muintained and duplication
controlled throughtunely notification of needs
and intentions to The Surgeon General fol-
lowed by continuous mutual " exchange of
information,

With this brief introduction to our general
situation, let me now turn to the specific
topics which have been selected on the basis
of currency and interest for presentation to
you today. Two fairly discrete research
studies w'll be described --both from the
Psychology Department of our Medical Re-
search Laboratory at Fort Knox, Kentucky.
The first, pertaining to the problem of
control and coordination, will be presented
by Dr. Lee 8. Caldwell, Control Coordination
Section, Experimental Psychology Depart-
ment, U. S. Army Medical kesearch Labora-
tory. Dr. Caldwell will describe for you
his investigations of the force-spaces for
the more common hand movements, and
their implications for the location of hand
controls. The second, describing current
efforts in regard to nc.se exposure and
hearing loss, will be presented by Captain
John L, Fletcher, Sound Section, Experi-
mentatl Psychology Department, U. S. Army
Medical Research Lavoratory. Captain
Fletcher will discuss the ever-growing seri-
ous problem of environmental noise, together
with several related efforts directed at anal«
ysis of noise and measurement of hearing
loss. I am sure that both of these papers

.will illustrate clearly the typical supporting

relationships of psychophysiolngy to human
engineering and give soma2 indication of what
contributicns you may expect to reccive in
the next few years.

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

< Pr. Lee 8. Caldwell
Army Medical Research Laboratory

Ft. Knox, Ky.

The present study is the first of a scries
of investigations to measure the forces that
can be applied within the work-space of the
hand, and frora this to determine the “force-
spaces’ for the more common hand move-
ments. The specific object of this first study
is to isolate the spatial factors which in-
fluence the force with which 6 lirear hand
movements canbe made along the 3 orthogonatl
axes of an isomet:ic control.
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Measurements were made ofthe maximum.
exertable force that could be applied ‘o a
dynamometer handle by each of 6 linear
hand movements (up, down, right, left, push,
pull). The maximum strength of each of
the 6 movements was measured at 5 handle
distances (12, 16, 20, 24, and 28 in.), 4
angular elevations (60, 90, 120, and 150

deg.), and 4 lateral positions (), 30, 60,
and 90 deg.) of the control,
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‘The results for each of the six movements

were analyzed separately by an analysis of :

. variance. The results were as follows:

1. The handle distance was the factor
which most influenced the strength of the
movements, This scurce of variation was
statistically significant in each analysis.
The strength of the Up, Down, Left, and
Right movements progressively decreased
with increasing handle distance.

2. The lateral position of the control
significantly affected the strength of only

e

the Down and Right movements. The 30 deg.ﬂ

lateral position (30 deg. to the right of the
saggital plane of the shoulder) was best for
the Down movememt. The 0 deg. lateral
position wae best for the Right movement.

3. The Lef& and Pull movements were
most affected by the angular nlevation of the
handle. The 60 dcg. elevation (30 deg. below
the horizontal plane of the shoulder)was hest
for the Left movement, and 60 deg. elevations
were best for the Pull movemeat.

4. Noise Exposure and Hearing Loss: A Military Problem
John L. Fietcher, Captain, MSC

Army Medical Researc
Knox, Ky.

The noise level of military work environ-
ments increases as more powerful engines
and weapons are developed. This has, with
little question, increased the frequency of
noise-induced hearing loss in the service
and has resulted in considerable monetary
compensation.

The mission ofthe Sound Section, USAMRL,,
ircludes measurement and analysis of noise
fevels, and relating such noise levels to the
probability of hearing loss in personnel
exposed to such noises. To facilitate our
misr’n &8 mobile sound laboratory has been
buflt to permit testing of hearing in the field.

Relating noise exposure of range operators
to hearing loss is part of our long range pro-
gram. Pre-exposure audiograms are made,

Laboratory

and subsequent hearing loss is related to
several variables each as amount of ex-
posure, hearing comservation practices,
family history, and other relevant factors.

Effort is being made to find a test to
differentiate those susceptible to noise-
induced hearing loss from those who are
not susceptible. One promising test, the
aural overload test, is now being studied.
Initial audiograms and aural overload thres-
holds of 106 Reserve Forces Act trainees
at Fort Knox for 6§ months will be compared
with termination audiograms and aural over-
load thresholds to determine whether the
aural overioad point is indicative of sub-
sequent hearing loas.

5. Some Human Factors Engineering Implications from Design of Prosthetics

Colonel Maurice 1. Fletcher, MSC .
Army Prosthetics Research Laboratory

I have read with great interest past papers
and reports on the meetings of the Human
Factors Engineering Conference and, ot
course, am stimulated with the tantalizing
possibilities and never-.nding problems
presented.

It occurs to me that the situation regard-
ing the man-machine combinations is follow-
ing somewhat the pattern that Las its parallel
in the projectile - armor plate problem,
namely, the armor is developed to resist the
projectile, andthenthe projectile is developed
to penetrate the armor, ad infinitum.

In the development of artificial limbs, the
problem becomes more intimate and complex.
A part of the human body is missing, together
with its functional possibilities, at least
part of its motive forces, and its proprio-
ceptive senses so important in our manner
of living.

In the derign and development of the artifi-
cial limb, and particularly in the upper
extremity prosthetic restoration where a
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wide range 5 motion {s necessary, many
studies have been made to provide as much
function utilizing the remaining limb stump
as possible.

If a hand and part of the forearm are
amputated, over 25 muscle groups have been
destroyed. To restore the action of all of
these groups would not only be a3 complex
job, but would be -so complicated in its
operation as to frustrate or disccurage the
amputee, Furthermore, there are not enough
remaining harnessable sources of power to
effectively operate so many motions.

The prosthetic designer 1is faced with
many problems; the location snd use of all
available sources of power, the most officient
transmittal of that gower, the use of control
separation so that ous source of power can
be used for several operations, the stability
of the entire unit or units, and, if possible,
a kinesthetic feedback cue as to position,
grasp force, or touch,




In the more general human factors engi-
neering problem where the entire body is
available for operation of external devices,
several techniques developed for artificial
limbs have possibilities in the modification
of the man to operation of complex ecuip-
ment.

Most intriguing of the anatomical sources
of* power is the use of muscle loops, or
tunnels, installed through the surgical tech-
nique known as cineplasty. This operation
is performed by cutting skin over a muscle,
forming it into a tube and re-inserting this
tube through an orifice expanded in the
muscle body, and then covering the exterior
#ith a skin grait. Muscles »vailahie on each
side of the parasagittal or vertical center
plane of the body include the pectoralis,
latissimus, biceps, triceps. and the forearm
flexor and extensor muscles. Highest forces
and greatest excursion possibilities, with
good force-work range, can be obtained from
the pectoralis major and biceps muscles,

In the amputee the distal portion ot the
muscle tendon is detached to provide greater
excursion. Such muscle loops in the non-
amputee could be of small size and used
only to ‘‘trigger off'* a source of external
power electrically, pneumatically, or hy-
draulically. Reaction points to the pull of
the tunnel could be established on the body,
and very efficient, silent, cabletransmission
systems are already a part of the prosthetic
armamentarium,

In addition to muscle tunnels or slips, the
muscle bulges themselves may be utilized
externally to provide scrvo-motor coatrols.
In this respect, the reflex muscle actions
of the body might be synchronized with
respect to the mechanical response desired.
For example, when the equilibrium of the
body is upset there is a reflex muscle re-
sponse tending to right the bcdy, and the
tension in the muscles attendant to this
rcsponse may be utilized externally, through
a sensitive vulve or micro-switck, to produce
a parallel righting or correction of 2 machine.
Such a correlation of muscle-machine move-
ment would not t: too difficult. This system
has been used in the control of knee locks

.on urtificial legs,

In the purely imechanical application of
man to machine through external power, the
scapular and other natural motions of the
body can be harnessed to multiple valves
or switches with mechanical over-rides, and
many external remote controls can be thuas
actuated with one movement,

Any of the mechanical motions can be
utilized with existent mechanical force multi-
pliers, so that repeated operation of the
source of power can be transmitted as in an
automobils jack to obtain any ultimate force
desired. This is, of course, dependent on
the time factor required.
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Many devices exist, or are being developed
within the prosthetic résearch program,
which can be utilized in the control systems
between man and machine. These include:
force multipliers; locking devices for elbows,
hands, and hooks; velocity and inertial locks;
clutches; separation of control mechanisms;
anti-backlash and front lashlocking systems;
load controlled unlocking mechanisms; and
many other items useful in adapting a machine
to the man.

A study of the force potentials of various
muscles and body motions discloses a vast
number of useful sources of power for obtain-
ing external motion or control. A stucy of
ths data compiled on time and motion studies,
already available throughthe-Prosthetics Re-
search Board of the National Research Coun-
cil, will, I am sure, uncover other possibilities
of increasing the work potential existent in
the human body,

As to the future, every possible lead is
being pursued to increase the efficiency of
the man-machine combination so necessary
in the restoration of a lost human limb. It is
impossible to tell you in the time allotted of
the hundreds of devices developed for pros-
thetic replacement of a lost portion of the
human body or of the numerous studies
that have been, and are now being con-
ducted on the subject, but I can assure
you that such studies are continuing and
never ending.

1 would like to close with a few *“‘germs**
for thought which are now being explored

and which might become a useful possibility

for application of the man to a particular
machine in the future. First, the extension
of our myoelectrical studies, whercin =lec-
trical potentials set up by the nerves acti-
vating the muscles may provide a sense of
touch and a source of nerve stimulation which .
may be harnessed electrically to trigger -
external sources of power correlated tosuch
tasks as are needed; Secondly, through the
imbedding of - secondary antenna or even
transistor transmittors internally, and adja-
cent to & nerve or nerve center to signal to
an external receiver as usable impulse.
Algo studies of the nerve-electrical system
adjacent to the spine may provide a clue
for further development of impulac-controllied -
external utility motors which are *‘‘*mind-
controlled®’ or regulated.

All of the modifications of the human body
sketchily described above cffer the possibil-
ity of modifying the man until the machine
can be perfected to accomplish the task,
and then until more complex objectives are
required of the machine, at which time the
man can again be modified until the ultimate
2f each has been reached and man has
necome so complex that his only vacation
will be a bottle of tranquilizers.
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6. System Evaluation of Ordnance Materiel

Dr. John D, Weisz, Director
Ordnance Human Engineering Laboratory
Aberdeen Prouving Ground, Md.

The U, S. Army Ordnance Human Engineer-
ing lLabcratory, Alerdeen Proving Ground,
Maryland, conducts three types of research
activities: (1) background or fundamental
research in noise, blast, optical, radar,
and display control rclationship problems
common to a number of weipnn systems;
(2) uscr-opinion or problem survey studics
conducted by field liaison teams of military
engineers and psychologists who interview
user personnel or problems connected with
the operation of standard Ordnance materiel;
(3) systems evaluations.

Currently, fundamental research is con-
tinuing, and user-opinion surveys have been
complcted on the M48 Tank, permanent NIKE
installations, the HONEST JOHN system, and
Personnel Carrier M59,the CORPORAL sys-
terus, the 280 mm cannoun, and the M76 and
M59 vehicles under arctic conditions. Surveys
are now being conducted on the Personnel
Carriers TI113 and T117, and the Atomic
Warkead Checkovt Equipment. This paper,
however, is devuied exclusively to a dis-
cussion of the syste.s evaluation program.

Since the Laboratory has becn doing sys-
tem evaluation research for approximately
2-1/2 years, methods have been developed
which may be of considerable interest to
USCONARC and to the Technical Services.
A general method of procedurc has been
developed which is followed on all svstoms
under study, with minor variations as rec-
quired.

The procedural phases are described as

discrete events, but in reality they usually

overlap cach other considerably. Systerns
currently under investigation are LACROSSE,
DART, HAWK, TALOS, VIGLLANTE, RED-
STONE and SERGEANT.

Obvicusly, every attempt is made to enter
into the design picture as early as possible
80 that the maximuin boaefit can be realized.
In several instances the Laboratory has been
given the cpportunity to review and submit
comments on the military characteristics of
specific weapon systems. In such a situation
the Laboratory can predict the major human
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factor problems and can recommend specific
design considerations. The military charac-
teristics arc considered as the final criteria
and constitute the parameters within which
the L aboratory will rrake its ultimate system
evaluation. Project personnel must thus be-
come thoroughly familiar with the military
characteristics, as well as the results of any
design feasibility studies which may have been
conducted prior to the initiation of any
development work.

Every attempt i, made to assign scveral
personnel with training and expcrience in
engineering and psychology to a system
evaluational project as soon as the Laboratory

.is requested to enter into the prsject. They

remain with the project until itis completed.
Usually one peraon is designatcd as the
project director, primarily for administra-
tive and coordination purposes,

A close consulting relationship iz next
established with the arsenal designers and

design engineers from the prime -ontractur .

in order effectively to monitor the human
factocs design efforts, and to provide human
factors design data as needed throughout the
developmental phases of weapon system dc-
velopment. If such design data are not found
in the literature available to the profectper-
sonnel in the Laboratory library, specific
field or laboratery research studies are
initiated to derive such information. An
example of such rvesearcr wou.d be the
determination of the optimum level of mag-
nification to use in an optical sighting system
for an anti-ajrcraft gystem. Such a study
waa recently conducted by the Laboratory
at Yuma Test Station, Yuina, Arvizona, and
the resulting data are currently being utilized
in the design of the itern. This working re-
lationship with the prime contractor has to
be constantly maintained throughouat the de-
velopmental phases to insure that an optimum
weapon svstem is developed. Research ef-
forts are directed towards the cvaluation of
desigr layouts, bSrcad-board concepta, and
mock-ups c¢f both system components and
the complete weapon system as it emerges.

k.
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Every attempt is made tu visualize the use
of the weapon under all types of environ-
ments by the typical user porsonnel for
which the weapon is being designed. The
maintenance requirements have to be deter-
mined early in the developmental phase in
terms of ease of maintenance, procedures,
and the type of test and checkout equipment
to be used in the field once the weapon sys-
tem becomes a standard item. In guided
missile systems currently under develop-
ment considerable attention is being given
to providing adequate work space in the
vans and on associated equipmuent, The space
is evaluated in terms of traffiv tlow patterns,
the number of cperatrrs involved, and the
proper layout of ihe equipinent in order to
obtain an  optimum working environment.
Other facto,, considered are: the commu-
nicaticn systems involved, heating and ven-
tilating requirements, interior color, and
lighting schemes,

Once the design of most components be-
comes fixed, project personnel bogin to
write detailed test operating procedures
for every crew member who will operate
the weapon system. Since this task is so
essential 1o the entire evaluation, it has
te he a joint effort of the prime contractor,
USCONARC, and the Laboratory. Any major
.hanges made in the design of the weapon
at this point will obvicusly result in changes
in operating procedures. Thus, every attempt
is made to write the procedures around
the latest modifications possible. Since tac-
tical considerations are very important
agsistance is sought from USCONARC re-
garding the weapon’s ultimate usc under
varions terrain and cnvironmental conditions.
Concurrence is ublained from all agencies

. {USCONARC, the contractor and arsenal
designers) onthe final version of the operating
procedures priortotheir use inafield evalua-
tion of the weapon sysiem.

Project personnel then develop, in detail,
the program which will be followed in the
field tost phase. An attempt is made to set
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up a valid test plan "vhich will allow the
Laboratory to examine the weapon system
in tactical field situations similar to thoae
in which the item will eventually be utilized
by troops. This plan may include both day-
anc night-time condit'zns, and opcrations
under environmental extremes. The field
test plan not only tries to check likely
errors, but also tries to determine thn time
requircments needed to emplace and check
out the weapon and all of its supporting equip-
ment.,

The fic!d test is then conducted as specificd
in the test plan, using as operators a sampie
of military personnel obtained {rom the
specific user population for whichthe weapon
is being designed. The personnel are divided
into crews, and trained to opcrate the actual
prototype equipment to a specified stable
level of proficiency prior to the test.

During the teat a team of observers from
the Laboratory recordstime and error scores
for every operation made by the crew mem-
bers as they emplace and check out the weapon
prior to actual firing. Motion pictures are
taken to be used for later analysis and
evaluation.

Once the data have been gathered they are
analyzed and evaluated, and a fina) report
which includes redesign recommendations of
deficient components is written. If sufficient
time i{s available, some of the critical com-
ponents may be redesigned in mock-up form
and evaluated again prior to submitting
specific recommendations to the arsenal and
coutractor designers.,

Every systems evaluation project consti-
tutes an extensive research program as
essential to the development of a weapon
systerm as any other design rescarch and
development effort. Through such a program
the critical human factors areas can be
1solated, and the resulting design problems
resolved, prior to the time that the weapon
is mass-produced and becomes a standard
ficld itern for troop usc.

7. Specificativn of Brighlness and Readabilily for Sell-Luminovs
-Control Panel Elements

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

a. Introduction: Mr, Thomas Goldsmith

Picatinny Arsenal’s iluman Engincering
Unit, being organized as a service organizz-
tion for hardware development groups, must
be concerned primarily with the immediate
problems of equipment design. Usually the
handboucks and psychological literature are
checked for information needed for applica-
tion. When the information does nci exist,

our personnel are sometimes able to under-
take supporting resea- -, as necessary, and
thus function as Engincering Psychologists
or Human kactors Research Specialists.

Mr, Seminara will describe some signifi-
cant research which was prompted by a
specific design problem<-How can troops
make settings on a control panel atnight with
no electrical power and no flashlight avail-
able? : :




b. Report: Mr. Joseph L. Seminara

The Human Engineering Unit of Picatinny
Arsenal was called upon to make recomi-
mendations concerning the illumination of
ccrtain rocket control panels. The enginner-
ing and military Limitations imposed on the
situation were as follows:

1. No coaventional power source would
he made available specifically for illumina-
tion of the control panel

2. The source of illumination chosen
would be required to standupunder extremes
of climate a.d

3. The illumination prcvided should be
such that the control panel would be ade-
quately illuminated and at the same time
should render the rocket launching site mini-
mally detoctable to possible enemy patrols
in the area.

After surveying available mecthods of illu-
mination it was decided to utilize radioactive
self-luminous sources. These sources bas-
ically consist of a radioactive substance in
combination with a particular phosphor. The
radioactive substance emits alpha and beta
particles which strike the phosphors result-
ing in the emmission of visible light,

in addition to meeting the military and
engineering requirements just staved, these
sources have the following advantages:

I. They take up a minimal amount of
equipment space since no batteries, wires,
switches or bulbs are needed.

¢. They require no maintenance effort
since these sources have a useful luminosity
life measured in terms of years.

3. The cost of incorporating this form
of illumination into many equipments is not
prohibitive when we consider the savings
resulting from th: just-mentioned factors.

Great progress has been made in the field
of radioactive illumination in the past few
years. Much rescarch has gone into finding
the right combinations of radioactive sources
and phosphors to produce light of sufficient
brightness and lcngth of life. A concomitant
problem has been the development of shield-
ing techniques to prevent rarmful radiation
from striking the human body.

The first successfully used radioactive
substance was radium. Everyone is familiar
with the greenish-blue light seen in the dark
on the markings of watches and clocks,

However, radium excited phosphors didnot
prove widely applicable for twomain reasons:

l. radium emits extremely dangerous
radiatio~s making this substance hard to
handle, and

2. radium alpha-particles destroy the
phosphor crystals too rapidly, causing too
rapid a loss in brightness of emittedlight.

Since the early use of radium, a number of
artificially produced radioisotopes have been
employed in attempting toovercome the limi-
tations of radium. Among these have been
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Strontium, Krypton, Thallium, Prometiium
and Tritium, The last-mentioned, tritium,
has shown the greatest promise in avoiding
the radiological hazard. This radioisotupe
requires very little shielding. By cncasing
the self.-luminous Tritium suhstance: in &
plastic envelope one-hundreth of an inch in
thickness, this material is rendered harm-
less. The most promising development ta
date has been a commercial product named
‘*Safeglow."’ This is a *‘paint*’ consisting uof
the Tritium radioisotope in combination witn
a phosphor and special plastic . slvents and
adhesives. This *‘paint*’ requires no shield-
ing at all. At present, Lrightness values of
up to 50 microlamberts can be obtained ac-
cording to the manufacturer®s claims. It ia
anticipated that in this future brightness
values of from 75 to 100 microlamberts will
be achieved with this new substance.

In order to make specific recommendations
concerning the utilization of radioactive illu-
minants, two investigations were performed,
The first study dealt with the detection
thresholds for radiocactive self-luminous
stimuli at night. The stimulus materials used
were five strontium -90, one inch diameter
discs supplied by the U. S. Radium Corpora-
tion on a thirty-day loan basis. There were
2 green one hlue and 2 yellow discs ranging

‘in brightness from 10.8 to 28.6 effective

microlamberts. Detection thresholds were
obtained by the method of limits. Under
varying conditions of darkness, the detect-
ability of the radioactive light sources varied
from an average of 89 to 245 feet. A amall
simulated control panel containing five four
letter words with letters } inch in height was
seen at a mean distance of 60 ft away. On the
basis of this study it was recommended that
self-luminous sources would be usedtoback
light rocket control panels with little or no
chance of detection by the enemy beyond 10600
feet.

The purpose of the sccond study was to
determine the required brightness level and
hegat color of illuminatien for readability of
letters and numbers of varying sizes. The
stimuli used were common four letter words
such as FUZE, nonsense syllables, and two
or three digit numbera. Letter sizes varicd
from 0.116 to 0.235 inches in height. The
radinactive sources used to backlight these
stimuli were the same as thosc uscd in the
night detection study.

Of the colors used, yellow proved best for
acuity and blue proved least effective. Onthe
basis nf the results ofthis study we were able
to make recommendations to design engi.
neers concerning the required brightness
levels of illumination for numbers andletters
of varying sizes at a reading distance of 28
inches.

In specifying the initially required char-
acteristics of self-luminous source for a
specific equipment application, a number of




<

factorys rnust be considered. These are:

!. The color of illumination desired.

2. The optimal brightress level for
sreadability ot o pancl reading distance of
twenly -eight inches,

3. The shelf life of the tvquipment or the
anticipated useful life of the item to be
illuminated.

§. The rate of durrease in Iiminosity
in tirre for the particular radioisotope used,

A formula has been devised which takes
account of these four factors and yields the
required initial brightness level for the self.
luminous saurces,

The research that has been performed at
Picatinny Arsenal Lias becn preliminary in
nature. Further rescardh. iscerrentlyunder.
way with a wider range vi coiurs and bright.
ness levels, It is honed that in the near future
wr will be able to specify with 4 greater de-
gree of precision the requireddimensions for

this form of illumination.

- At present, sclf-luminous sources are be-

ing utilized by the military in illuminating
scales, level vials, and reticles for mortar
sights and gunners® guadrants, The Navy has
made use of these sources for deck markers.
..+other use that is being conaidered isinthe
form of personnel markers for night field
situations. An “‘atomic flashlight'’ for mup
reading und other night activities is also in
existence, To cite a commercial application,
the railroad companies are testing the useof
these sources as warning tamps. The use of
*‘atomic lamps'' will represent tremendous
savings in many thousands of feet of expensive
cable and will greatly reduce the maintenance
costs rcquired to keep up present types of
electric lamps.

We have only ‘scratched the surface of
potential applications for this form of illu-
mination, With such new deveclopments as
**Safcglow’ 1n which the threat of harmful
radiation is eliminated we can anticipate that
the use of self-luminous sources will be
widely expanded in the years to come.

8. Some Human Engineering Aspects of the E13R9 Fieid Protective Mask

. Dr. E. Davy
U. 8. Army Chemical Warfare I -boratories

Aboat three and one half monthe ago, &
number of American newspapers carried a
United Press release which was headlined:
Army developes new atomic age face pro-
tector® . An alternate version of this headline
from another hewspaper was: **Mask pro-
tects GI against radioactivity’', etc. These
prcss reteases and sccompanying articles
referredtothe curreont experimental or E13R9
Mask, Protective, Field, commonly called
the F13R9 Gar Mask,

The E1IR9 mask was developed hy iic
Chemical Warfare Laboratories of the Armyy
Chemical Corpe, working in conjunction »ith

the Mine Safety Appliances Company of Pitts -

burgh, Pennsyivan:a,

The small print of the article, which fol

lowed the rye-catching headlines 1Fave men-
tioned, dimninished to some extent the specs
tacular impact inthatthere was anadmission,
presumably in the intervst of reporting ac-

‘curacy, that the mask, although preventing

the wearer from breathing air-borne radio-
active fallout particles, did not afford
protection againat direct radiation,

Before continuing this discussion of the
EI1IR9 mask, | should like to point out that
1 am not an authority on protective maaks and,
although 1 may often be secn carrying abrief
case, | am not even an expert. The study
which { am about to relate was not designed
by thc Army Chemical Corps Paychnlogy and
Human Enginecring Branch, Our part in thia
study was purely on what might be called s
conantting basis, Actually, | was invited to

obaerve field tests on the mask and saw an
opportunity to obtain data on the reactions of
troops to this maask,

Prior to, and during, the time that these
field tests were being conducted, a serics of
laboratory tests were being conducted at the
Directorate of Medical Research atthe Army
Chemical Center, Thess Inbaratory tests in-
cluded determinations of the actual resistance
of the mask filter elements, tests for leakage
around the edges of the mask as it was being
worn by active personnel, endurance mea-
sures of personnel executing strenuous tasks
while wearing the mask, etc,

Insofar as human engineering evaluation
woe ppplind to thia item. the question of pri.
mary importance concerned the satisfactori.
ness of the interaction of the item and its
user. The importarce of this question be-
comes apparent if we note that upon its
answer depends the answer to two relsted
questions: namely, **Will the item be used
(rather than ignored vi discerded!? " wnd
“What will be the effect of using the item
upon the proficiency of the user, bothinterms
of consequent morale changes andintcrms of
phystnlogical limitations, which the itemmay
impose?'" Extreme physiological effects
upon the user, such as exhaustion and ex-
cessive fatigue, may be determined by direct
observation or by measuremcents of body
temperature, oxygen consumption, heart
rate, etc. The concern of our part of the
study was with more subtle physislogical
maasifestatinns which are only in evidence if
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they are repurted by the individual, and
especially with the subjective attitudes of the
individual toward the item.

* Characteristically, these sorts of reac-
tions are determined by the use of form
questionnaires. The widespread use of pre-
pared questionnaires for the purpose of de-
termining subjective reactions of large groups
to cyuipment may be readily understood if
one censiders the advantages of this method,
For onc thing, the prepared questionnaire
may be administered to large groups in a
short time by a very small complement of
peisonnel. For another, the questionnaire is
a fair guarantee that a large amount of data
will be forthcoming. Because of the nature
of the tyrical questivnnaire; i.e., because it
usually asks for brief and previously con-
structzd answers, these data may be easily
tabulated in a form which readily lends itself
to statistical analysis. However, it is also
obvious that this sort of questionnaire has
some very definite limitations. It is always
possible that some very important reaction,
obaervation, or feeling on the part of the
subject user will not have been anticipated
by the person who has constructed the Ques-
tionnaire. Of course many questionnaires end
with the open ended type questivn such as
**Any further comments?'* However, the
formal structure of the greater part of the
questionnaire usually tends to limit the in-
formal comments which the subject will
make. In addition, as these comments are
written and as they are often tead after the
subject is no longer available for questioning,
. their meaning may be obscured, wnisinter.
preted, or completely lost. Still ancther im-
portant disadvantage is the fact that a ques-
tionnzire may be a more effective
determinant of the subject's responses than
his experience with the item we arc investi-
gating. In other words, it may, through
suggestion, draw upon his imagination rather
than his memory,

The Chemical Corps gas mask of current’

standard issue is designated as the M9. This
mask has, on one side of the face piece, a
canister for the purpose of removing toxic
material from the atmosphere before that
atmosphere reaches the oral-nasal tract of
the wearer, During the past two ycars, the
U. 8. Aty Cliemical Warfare Laboratories
at the Army Chemical Cent~r has developed
a new mask now known as the El13, In this
mask, the side canister has been replaced by
two charcoal filter elements one on either
side of the facepicce,

The M9 mask offers a rather high resist.
ance to breathing upon {nhalation, thus re-
sulting in user fatigue beyond the evtent
which would normally result from Eurudpa-
tion .n any given activity, In the EI3 mask,
this resistance has been cut approximately
in half. To overcome the Interference with
speech and the resulting lack of intelligible
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communication caused by the design of the
M9, s ‘“‘voicemitter’® has been included in
the faccpiece of the E13. Other innovations
incorporated in the E13 include an eyepiece
construction which affords wider angle visi-
bility than that of the standard mask. Last
June, during the lime that the new mask was
being tested for leakage, durability, usatility
in cold environments, etc., 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 these
tests, fifty masks of each type (MJ and E13)
were taken to the U. S. Army Chemical Corps
Proving Ground near Salt Lake City, Utah.
The proving ground covers a rather large
area in the western part of the statc 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 typs of mask,
Eactk 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 volleybatl, resting in recreation areas,
use of weapons, donning mask on signal dur«
ing a simulated Chemical Warfare attack,
etc. Wherever possible, half of the subjects
wore one mask snd half wore the other during
the tests. Halfway through the tests, each
subject changed the mask he was wearing.
Wherever applicable, the ‘Proneloney of task
performance, in terms of proper and rapid
completion, sccuracy, etc., was objectively
evaluated by expert military observers.
Having outlined the context of our particu-
lar problem, we return to the question of
determining suljective reactions and atti-
tudes of the troops. It seamed that the most
useful information, that is the information
most likely to reflect the true attitudes
toward the mask, would be the spontaneous
reports of the subjects during & time im-
mediately following a teat trial. To atate it
this way is to be almost redundant with the
initial formulation of the problem. It is
almost as though one were to state that the
feelings of the subjects were the best indica-
tors of their ‘attitudes, However, the collec-
tion of this kind of information, unaltered by
the method of collection, presentedaneed for
techniques which we had not previously used
in thiv type of situation. Of course clinical
practitioners have, for some time, been de-
nlo:(nl and utilising methods and skille
which have proven successful in obtaining
information from a source somewhat deeper
than the level of consciousness at which we
were interested (n working. Bul, as is true
in the instance of most field studies of mili-
taly wyuipwent, personnel with experience
or training in interviewing techniques were
not available, especiatly not in large num-
bers. Instead, we were able to obtain a staff




of ten Arm:y enlisted personnel, none of whom
had any praovious rescarch experience and
wro, at the cutset, understood nothing of the
" mysteries of psychic probing. Naturally it
would not have bLeen possible to make com-
petent clinical techknicians out of these men
in the few days used in prepzration for the
test. However, it was believed that enough
insight into the basic concepts underlyingthe
unstructured interview could be transmitted
and that enough skill could be acquired by
this staff, of presumably average intelli-
gence, in a period of three days of training
and practice, to enable them to complete the
task demanded by this particular problem.
During the first day the research dusign, the
masks, and some very element>ry Rogerian
principles were explained and discussed. On
the second day, each man practiced inter-
viewing several others who were instructed
to behave as they imagined subjects might
during the interviews. Only one practice in-
terview occurred at a time. This was always
in the presence of the other interviewersand
under the supervision of the instructor. Thus,
it was possible jfor the entire staff to profit
by each criticism and by each repetition of
the principles involved. In general, the men
seemed not to find this activity unpleasant
aud were making very serious efforts to
become skillcd in their jobs. Wherever pus-
sible, of course, a trainee was highly com-
plimented for his handling of a situation.
Criticism was introduced by the instructor
in the form of additional instruction or nuance
of technique. Trainees were encouraged to
criticise each other and to comment on
wpecific situations whichdeveloped. This kind
of participation contributed a great deal to-
ward the holding of their interest. By the
thisd Jduy, wach of the men seemed to have
sufficiently *‘mastered’’ the necesqary art.
it should be nouted that a sort of *‘mordel in-
terview' (conceived by the instructor prior
to the training period) was '‘developed'’ by
the group during the training period, This
model interview consisted of simple, short,
interrogativc phrases which were to be used
successively in event a subject 1id not show
sufficient spontaneity in expressing his at-
titudes. These phrascs were nonspacific to
the equipment; e.g., ‘*How did it go?'* and
referred to the equipment only if the subject
stopped talking or wandered tov far from the
information sought. The ‘“‘i{nformation
sought'® was, incidentally, defined for the
interviewing team az consisting of special or
outstanding comments about the maskinclud-
ing recurrent complaints. Explanations were
requested in instances where subjects’ com-
ments could not be understood. Interviewers
were instructed to terminate all interviews
after a five minute period had passed. In
practice however, it was found that lesstime
than this was typically required todetermine
all that a subject had to say. Recordinga
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subject's responses, after they had been
successfully elicited, would have been rather
difficult if & verbatim account had been
attempted. For this reacon, a list of the kind
of comments in which we were most in-
terested was made up. Previous studies of
gas masks and the typical responses of
troops; that is, the typical criticisms made
by troops wearing these masks; knowledge
of desigi characteristics upon which the
designers of the new mask had concentrated,
such as the voicemitter, the decreased
breathing resistance, etc., particularly those
specific - attempts 3at improvement of the
standard M9 mask which were expected to
clicit comparison comments, enabled us to
make up this list. Thus, a part of the liat
had been developed prior to the training
situation and the rest was added at thattime.
Additions were for the most part, made up
from the suggestions of the interviewing
team. This list consisted of one to three
word phrases which were found to be capable
of summarining most all of the comments
made by the interviawers acting as subjects.
In other words, & man might talk for several
minutes about how hard it was to breath, how
he felt suffocated, couldn’t gat enough air,
etc., or about how he kept tripping over ob-
jects because he couldn't see them, etc., but
the notations written by the interviewer would
consist only of the phrases: ‘‘breathing dif-
ficult** and *‘poor vision''. Thus, after having
memorized the list, interviewers were able
to record subjects’ statements with a mini.
mum of notation. When a very unusual com-
ment which seemed importart was made, this
wan recnrded as stated. It is in this one in-
stance that we were forced to rely upon the
judgmants of the interviewing team. This
method of recording the subjects’ responses
made codifying and tabulating the data far
easiar than it would otherwise have been.
Our observation of the members of the
teamn indicated that our training method was
successful. That is, it appeared on the basis

of a spot check of the interviews, that the

interviewing team was actuslly able toutilize
“nondirective’’ interviewing techniques to
the extent required by this study without in-
troducing hias into the responaes of the auh.

Jects.

To return to the actual test situation....The "

gas mask, that is, the exporimentai mask was
worn by the subjects under a variety of field
circumstances. In each instance, the stand-
ard mask was worn under comparable or
identical circumstances in order to compare
the reactions of the troops to the two masks.
It should be noted that the test conditions in
which th: subjects wore the masks were
scloctid for several purposes. Teats suchas
road marches over rough terrain, volleyball
and softball, etc., were introduced primarily
to determine such factors as the increased

. heat load !mposea upon & man by the mask,




the extent of fatigue resulting from the wear-
ing of one mask as compared with the fatigue
resulting from the wcaring of the other. etc.
In addition, a great deal couldbe learned about
the degree to which the new mask was able
to atford a visual field commensurate with
the requirements of these tasks, A second
type of test is exemplified by the leisure
studica; that is, studies during which no
specific task was assigned but during which
the men were required to wear the mask over
an extended period of time. A third type of
test required the utilization of specialized
and highly developed skills, such as rifle
firing.

1 have a short film which will show some
of the actual tests during which the masks
were worn. ! should like to emphasize at
this time that thess are examples of develop-
mental testing only; jiu no instance is & user
test of an end item a part of this study.

AT THIS TIME, A 10 MINUTE FILM WAS
SHOWN. THIS FILM SHOWED THE TYPES
OF FIELD TESTS ON WHICH THIS STUDY
WAS BASED. THESE INCLUDED AN OB-
STACLE COURSE, A ROAD MARCH,
A SOFTBALL GAME, A SHOT OF AN ARC-
TIC CHAMBER, AND ACTIVITY ON A FIR-
ING RANGE.

The results of the interviews indicatedthat
the troops were of the opinion that the E13R9
was more easily withdrawn from its carrier
than the standard M9, This ie an obvious ad-
vantage in combat when gas alarms are
sounded, Timed teats have confirmed this
subjective finding. The EI13R9 is considered

.
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to fit better and to remain in place better
than the M9. In addition, the E13R9 causes
less irritation to the face and head. .

Most all subjects stated that breathing was
easier with the E13R9 mask, thatlens fogging
was less, and thatwearing the E13R9 was less
tiring than wearing the M9. The latter point
is interesting to note in view of the fact that,
when mezn on treadmills were toldto rununtil
too tried to continue, those men wearing the
experimental mask ran no longer than those
wearing the standard mask. Thus, it appears
that the apparent advantage, with respect to
fatigue of the new mask, though possibly im-
portant, is purely subjective. Most subjects
believed that they were cocler while wearing
the new mask. Again, laboratory evidence
indicates that there is no difference between
the heat load of the new andthat of the stand-
ard mask.

In rifle firing tests there was a slight but
not significant preference for the standard
mask, Scoring totals however, showed little
or no diffcrence. It should be noted that the
test gsubjects ware very inervpertasriflemen.
For this reasom, it is probable thst the
variability of thetr scores was sufficiently
great to mask any difference that might have
been due to the respective designs of the
masks.

The troops iadicated frequently that the
new mask was superior in that it atforded
better vision and much better speech trans-
mission and intelligibility characteristics
than the standard mask. Ageneral preference
for the EI3R9 over the standard M9 was
found to be at & ratio of almost six to one.

9. Human Factors Engineering In the 'runsporutldu Corps

Dr. John W, Bailey
Transportation Corps Research & Engineering Command
Ft. Eustis, Va.

|Dr. Bailey commented on major Trans-
portation Corps problems to which human
fuctors engineering considerations are im-
portant. Among these he :aentioned: design
of rail passenger equipment; motor truck

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

instrumentation, controls, and seating; ship
luading facilities and harbor andconvoy com-
munications; terminal and warehousing op-
erations; and design of aircraft instrumenta-
tion and controlsd

Research, and

Mr, Paul E, Griffith
Office of Engineering Operations
US Army Electronics Engineering Laboratories
Ft. Monmouth, N,J.

The remarks that I have to make apply to
our work at the U. S. Army Signal Engineer-
ing Lahoratory only. They are not concerned
with human engineering work at the U, S.
Army Electronic Proving Grounds or other
Signal Corps installations.

1 am aware that I should make a little
introductory statement as to what we have
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been doing at the laboratories in the past
year, our general method of operations, etc.
For this, however, I simply refer you to the
description of odr work published in the last
year's conference record; we are still doing
much the samec work: we are carrying on
with the condu.t of human (actors engineering
training courses; we arc carrying on contract
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surveiliance and some contract supervision

{primarily through our contract with Dunlap
and Associates for H nan Engineerirg
studies, whereby the mucn larger eqripment
reviews are mades and specizl studies carried
on); we also do a great deal of consultation
work.

One thing that has come out of sur routine
efforts this last year is the drafting of & new
Signal Corps specification called **Human
Factors Engineering for Signal Corps Equip-
ment**, It is in the drafting review stage now,
and a copy of the draft in its present form is
in-juded in Appendix 3 to the Report of this
Conference (page 108).

1 want to pass on to one thing we have been
doing in the past two years which, 1 think, is
quite interesting. It is Lhe application phase.
There is no research in this; it is simply
huinan cngineering application in the Signal
Corps “'Product Review Activity.'’ We have
two types of product review. One is pre-
liminary product review which is carried on
with the arrival of the development model of
a plece of equipment, It is gone over from
stem to stern, in a total of about 15 types of
review. The elements considered in this
product review are: producibility of the
equiprnent; conservation of critical and stra-
tegic materiais; availability of product; esse
of maintenance; standard, reliable compo-
nents in preferred sizes; adequacy of pro-
curement; interchangeability; test equip-
ment; coordination; scheduling; preparation
of master index checklist; use of commercial
equipment; schedule of equipment; conform-
ance with MC's; and human enginecring.
By the time the equipment is reviewcdforail
of these itcms, it is gone over pretty
thoroughly. Thereafter, we participate again
in the final product review which must Le
made before the equipment may be standard-
ized,

During the past couple of years, we have
thus reviewed 41 pieces of equipment. They
are broken down as follows: wire communi-
cation eguipinent, 11; tcst cquipment, 10;

. radio equipment. #; meteorological equip-
. ment, 5; audio, 2; radar instrumentation, 2;

radio equipment, 2; and photographic equip-
ment, 1. Specialist Third Class Montgomery,
assigned to our office, ran a sample ot the

number of changes recommendud by us in
the above reviews, and the nuinher of ac-
ceptances of our recommendations. The num-
ber of accepted changes in all was 365. Those
are just the human enginecring changes inthe
41 equipmerts. From a sample of 117 such
. hanges recommended, 76 were accepted.

Another sample of 168 such recommenda-
tions yielded the following information on
types of faults: labeling faults, 33 percent;
display faults, 27 percent; control faults, 14
percent; equipment fcatures contributing to
operator or maintenance errors, 11 percent;
operator safety and comfort fauits, 11 per-
cent; and panel layout and miscellaneous
faults, ¢ percent,

Examples of the things that we call label
faults were: the complete lack of any label-
ing where there should have bevu some (the
most prevalent); insufficient information in
the label (2nd most prevalent): and wrong
location of the label.

We are quite concerned about this whole
field of the contents of the labels and we want
to go into studies to find out whether we
shouldn't set up a standard to assure thatthe
labels are ‘‘operator oriented.' Toillustrate
what 1 mean, if you have & Signal Corr
generator with some output adjustment, the
design engineer's tendency is to label the
generator output control, **Attenuator.'* That
doesn’t tell the poor man who has to use it
what it does, really. We feel it wouldbe much
better for the label to say *‘cutput,*’ with
an arrow over the control to indicate the
direction for increase.

We alao want to try to standardize on
labeling for various test squipments, so that
when a man goes from one type of test equip-
ment to another, he will know that a given
word labeled on the knob of one equipment
refers to the same functions when used on
another. This means standardization, and is

-part of the whole ccding program; you have

to consider labeling when you consider
coding.

These prohlems illustrate the nature of
Signal Corps requirements for continuing
consulting services in human factors engi-
neering applications. We consider this aspact
of development to be fully as necessary snd
important as research in human factors.

il. Indnstry's Acceptance of Enae-of-Maintenméo Features in Deiisn

Alonzo J. Vrooman, Chief, Appl
UsAERDL IV,

From an ease of maintcnance viewpoint,
it would be preferable to provide equipment
that would meet the Military requirements and
would operate for the normal life without
requiring any maintenance. The motor-com-
pressor unit installed in most home re(ciger-
ators is a splendid example of such design.

{cation Eng. Br., Mech. Eng. Dept
Belvoir, Va.

Unfortunately, it has not been feasible to
duplicate such design in:nost of the squipment
furnished by the Corps of Engineers, Some
progress has been made in this area; for
example, the presenttrach rollere for crawler
tractors are designed to operate for 500
hous without maintenance or lubrication,




whereas the old style track rollers required
lubrication after 8 hours of operation.

For those items requiring maintenance
it would be preferable to design equipment
8o that it could be maintained without tools,
repair parts 2ud materials. As we.approach
this condition by limiting the number of skills,
tools, and parts required to support equip-~

. ment, we tend to reduce and simplify mainte.
nance,

The Engineer Research and Development
laboratories (ERDL) have conducted ex-
tensive studies of representative commercial
items of equipment in order to establish the
design changes required to improve the ease-
of-maintenance characteristics. As a result
of these studies, it was determined that con-
siderable time cou'd be saved inaccomplish-
ing maintenance operations by altering the
design. For example, removal and
replacement of the engine from a specific
make and model of commercial grader
required slightly over 4 manhours. After
changing the method of mounting the engine
and accessories, as well as using quick
disconnect fittings for the electrical and
fuel systems, it was possible to remove and
replace the engine in 9 minutes, using less

tools. This {s indicative of some of the
improvements in design which simplify
maintenance. As a result of this study,

the specifications are being changed to require
(1) the use of quick disconnect fittings for
the electricaland fuel systems and (2) designs
which permit easy removal of components
without disturhing other attachments or
components. Other ease-of -maintenance con-
siderations have been or will be included
in the specifications, which will require that
the design engineer consider ease-of-mainte-
nance requirements, In addition, the
specifications will require examination of
equipment during pre-production tests to
insure that the equipment conforms with
ease-of-maintenance reyuirements,

ERDL also “imvited representatives of
various Technical Services, as well as other
Goverument Ageacies ard the manufacturers
of the equipment ianvolved, to review the
findings of the Laboratory in conjunction
with  ease-of-maintenance improvements.
Most of the other services, agencies and
manufacturers agreed that the changes
recommended by ERDL weredesirable; how-
ever, the manufacturers were not willing to
change the pressnt production lines or
redesign their present equipment. Neverthe-
less, many of the manufacture:s have
improved their ease of maintenance
characteristics in subsequent desig..

Inasmuch as most of Engineer equip
is of commercial design, it is essential that
industry be apprised of our requirements for
ease of maintenance in order that they can
incorporate suck requirements in their com-
mercial design. We bave found that most
manufacturers are receptive to the idea,
siace it 18 an added selling point for their
equipment now tkat the public is becoming
maint ! In this connection,
some of the newer automobiles are advertis-
ing self-zdjus'ing brakes, one-shut lubrica-
tion, and other ease-of-maintenance charac-
teristics. Further, some of the tractor
equipment manufacturers are stressing ‘the
fact that components suchas engines, steering
clutches, master clutches, transmiassions,
etc. can be esasily removed without disturbing
other components or assemblies.

It is felt that considerable progress can
and will be made to achieve some of the
most important ease-of-maintenance charace
teristics desired in commercial equipment,
which will tend to reduce the mazint
support cost of Eangineer esquipment. It is
recogaised that there ie considerable work to
be dore in this ares. Nevertheless, industry
is convinced of the impurtance of ease of
maintenance, which is indeed a big step in
the right direction.

*

12, "Kffect of Flicker on Humans'¢

Abstracted
U, S. Army Engineers

Mr, Benjamin Goldberg,
esearch

Development Laboratory,

from report of contract research of L. M. N, Back, et al,
. at Tulane University, -

Considerable interest has been attached to
the urpleasant, distracting and evenincapaci-
tating effects of flickering or flashing lights
upon human subjects. Many have experienced
the unpleasant effects of drivine through a
forest which resulted in flickering sunlight
with & highly distracting effect on the driver.
Electroencephalograph:rs have recently de«
veloped the technique of using flashing lights
fn conjunction with the use of certain drugse

for the purpose of producing the electroen-
cephatographic (EEG) signs of latent petit
mal epilepsy.

The present sxperiments were undertaken
with the ides of trying to develop the use of
a flickering light source which would provide
a possible tactic in battiefield opera-
tions by causing some degree of inter-
ference with the cognitive functions of
enemy troops.

®Abzstract,-« The complete report iiay be obtained by aldressing request 1o Night Vision Equipment e, USAERTIL, FY, Belvoir, Va,
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The first series of experiments whichwere

. carried out dealt with a measurement of the -

frequency of flicker which would be most
likely to cause dizziness, sleep, or
unconsciousaess in the subjects. After several

preliminary explorations with various colors -

and various intensities of lighe, it was finally
determined that white light and maximum
brightness (but not enough to cause pain)
were easily as effective as other colors and
uther intensities, if not more so. A series
of subjects were then systematically studied

- and their resvonses carefully recorded while

being exposed to varicus frequencies of white
light of maximal {nor.-painful) brightness. It
was at once determined that {requencies
much above 20 cps were without effect
because fusion of the flicker was apparent
and the subjects were never discomfited;
frequencies below about 7 cps were also
not useful because then the effect became an
alternating darkness and brightness which
was disturhing but not of the character of
the effects of flicker. .

There were several frequencies which were
effective in producing disturbing effects but
it was found that 9 cps were most cften the
most effective source of disturbance. Usually
the subjects would report a sensation akin
to ‘‘falling asleep,”’ ‘‘feel hypnotized,'’
‘'drowsy,*’ etc., although only two subjects
ever did actually fall asleep. Very often the
subjects would also reportpainful or disturd-
ing sensations relating to the eyes or to
headaches or to sensations of nausea or
apprehension. Female subjects appeared te
suffcr such disturbances much more often
and these sensations more often persisted
for souine hours after the trial in women
than in men. It was not possible to get any
more intensive or more consistent effects
by prolenging :a exposure trial beyond five
minutes (even u3 to one-half hour).

Some experinments were done in which the
EEG rhythms (brain waves) of the subject
were recorded, amplified and used totrigger
the light source at the same {requency.
When the subjec’ was exposed to a light
flickering at the same frequency as his
EEG, the subjective efiects were no more
pronounced than when a 9 c<ps flicker vas

. used: they were most pronounced when his

own EEG was modulating the flicker at 9 cps,
however.

Subjective responses are sometimes daffi-
cult to classify and ~ompare. To obviate this
difficulty certain objective tests of cognition
were tried to see whether the subject’s sense
of awareness was really attenuated or blocked
in any way. The subject was required to tap
in a certain sequerie {amicadlug sequence
from one to five taps on left tap beard and
a descending scquence of five to one on the
right tap board). Tests such as these failed
to show consistent, significant interfercnce
with cogniticn by the flickering light.
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The major premise of the \nvestigation was
apparently blocked at this point so we turned
to a study of some other effects of flickering
light which we noted in passing in earlier
experiments. Thus, there always appeare:
to be some difficulty in walking in the presence
of a flickering light. In preliminary trials
this early experience was well borne out as
lung as the walking involved turning; experi-
ments involving straight-away walking com-
pletely failed to show interference by flicker.
In order to make the walking experiments
nore effective, we devised a series of small
hurdles to provide shadow effects. The flick-
ering light was also mounted on a swinging
(fron: side to side) arm to cause wavering of
shadows. Under these formidable circum-
stances the investigators and several
sophisticated observers were variously
nauseated, unable to maintain their balance
and were definitely slowed down in their
performance in the presence of flickering
light. When we took a group of unsophisticated
subjects (younger students who were com-
pletely unfamiliar with the experiment or its
purpose) the experiment was a flat failure;
if anything the presence of the flickering
light improved their performance. Social
effects and knowledge of results for the
groups of subjects had ahsolutely no effect
on the flicker influence on perform-
ance.

Finally we attempted several hand-eye
performance tasks. By and large these were
obviously depressed by the flickering light
(by as much as 50%) but with practice and
continued exposure performance was soon
returned to normal. Thus in rifle firing
experiments it was found that flickering
light behind the target (i.e., behind friendly
troops) would reduce firing accuracy by as
much as 50%; experienced marksmen, how-
ever, were only temporarily confused by this -
situation when firing at moving targets, and
scores soon returned to their control values.

A last attempt was made to determine
whether longer flashdurations would possibly
provide a more effective interference with
cognition. It was found that minimum flash
durations were more etffective thanlong flash
durations in these respects.

‘The principal findings of this investigation
are that flickering lights between 7 cps and
20 cps, but particularly at 9 cps, are ef-
fective in producing sensations relating to
interference with coneciousness. It is feit
that such sensations are indicative of real,
but ineffectual, interference with cognition
by flickering light. To achieve objective and
effective interference with consciousness by
fiickering lights or by any other suitable
teclinlyue will probably require (a) a better
knowledge of the basic physiological nature of
consciousneas and sleep and (b) possibly
other, even radically different, techniques
than flickering light alone.




13. “he Human Engineering Faclor in Eyuipment Spectfications

Mr. Henryk J. Bukowski, U. S. Army Engineer
Maintenance Center, Columbus, Ohio

We are heavily concerned in tae Corps of
Engineers with the use of commercial items,
a8 contrasted witlc those of military design.
Accordingly, our principal ir.fluence on ma-
chine design, including human factors engi-
neering, is through the specification.

In exerting this influence we have found
that general requirements far good human
engineering are ineffectual, and that specific
requirements are necessary. In doing this,
the following areas are emphasized. You will
find that most of these areas are contained
in the list compiled by Woodsun as a guide
to designers, »

a. Interchangeability and standardiza-
tion.
b, Good displays.
¢. Positioning of assemblies.
d. Assembly replacement.
e. Quick fasteners.
f. Iniexing markings.
g+ Access doors.
h. Go, No-Go indicators.
&. Definition of marginal and sub-stand-
ard performance.
jo Accessibility of controls and adjust-
ments.
k. Elimination of hazards,
1. Installation of warning and safety
devices,
m. Color codin, nd markingofcircuits,
n. Minimal servicing requirements.
0. Reliability- -minimal repair.

However, the instilling of good human
facturs engineering into the design of a ma-
chine isnotalways successfully accomplished
through the specification. Inthat case, it rnust
be introduced after the design phase. The
process of system analysis by which this is
done consists of:

a. Communication with producing and
using activities,

b. Collection of statistical data.

c. Evaluation of data.

d. Statistical analysis of data.

e. Corrective adjustment of the system.

The analysis is performed most intensively
in the production phase immediateiy following
design, since correction of the machine design
can be made most quickly and at the least
cost at that time. Whenever possible, the
first production units are tested and subjected
to physical review concurrently with subse-
quent production,and adjustments are made in
production through a feed-backprocess based
upon contractual communication channels. At
the same time, the other element of the man-
machine systen: is not only considered inthe

*Wesley £, Woodson, U.S, Navy Electronics Lab,, San Diego,
Callf,; Tele-Tech and Electronic Ind,, Vol, 14, pp 86-87, Dec 1955,
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analysis but is also reyuired tomake changes
to bring the systermn inte control.

The man-element of the man-machine
system sometimes wesists changes so
strongly that adjustmest must be confined
to the machine, but ia many cases the human
proves surprisingly #exible and tolerates
gross errors in engineering design of the
machine. There is greaat temptation to take:
advantage of this browd buman capacity, but
it i{s dangerous practice. The Army must
design its systems to meet combat and other
emergency conditions. B must be realized
that in such times of strews the human ca-
pacity to compensate farfailings inthe design
of the machine is aecreased markedly.

Nevertheless, the human element is the
more responsive aod las the wider range of
adjustment. Accordingly, extensive use is
made of training courses, publicaticns, and’
personal consultation. Seme publications tell
the operator of the machine how to make
expedient changes in dasign, Others are in
the form of officlal medification work orders,
with all required materials and tonls sup-
plied.

A frequent source of difficulty in commer-
cial equipment which mest be corrected after
the design is conflict between ease of opera~
tion and ease of maisiesance, usually to the
disadvantage of maintesance.

The reason fuc the prevalent neglectof eave:
of maintenance apgears to be the assumption
that maintenance is performed duringamuch
smaller fraction of the life of the machine
than is operation. This reasoning envisions a
system made of functioaal elements, varying
throughout the life of the machine, rather
than the physical elements of man and
machine which we had previvusly considered
to be the system. Both aspects of the system
must be considered fa order to obtain valid
results.

Statistical analysis ofthe functional history
of some machines tas revealed a much
greater proportion of the life of the machine
to be devoted tomaintenance than is populariy
assuméd. In the lives of some machines the
maint el tas been the greatest
of all the time elewwnte. When statistical
data of this nature are avatlable and applied,
ease of maintensnce takes on far greater
importance. !

In dealing with eane of maintenance weare
dealing with the servicing and adjustment
which is concurrentwith operation, as wellas
the special case wherein the systemn containg
a machine which is imoperative or operating
outside of control limits. Inthis special case,
it is important to comsider the machine as
part of the same system, rather than studying
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the machire alone or making it part of a
new system for maintenance purposes. When
aew clements must ener the system inorder
to achieve repair, the original definiticn of
the system is invalidated along with the re-
sults of uny sysier. «nalysis based upon that
definition, .

The definition of the man-machine system
which leads to valid results includes idle
tines, down time, storape time: all operating
procedures. eavironments and circuns-
stances; maintenauce and supply personnel;
repiir purts stocks, eny applicable mainte-
nance  fivai, and ary substitute machires;
touls and test and support equipment; and the
financuil resonrces of the systemn., The 1m-
portance of treating with a single system
which is a .omplele statistical universe in
itsell vannni be vver-eruphasized,

In summary, wiil has Leen described in
the furegoing is the engineering of & 8y stem
with znuphasis on human factors. The im-
portaat elements uf this systems engineering
are the fecd-back mechanism and that part
of the aralysis and evaluation of the data
which encummpasses the cntire system as a
whole. Our perfurmance ofthis s, stems engi-
ncering would be preatly enhanced by changes
in current Army procedures.

We rely heavily on deficiency reports for
the data upon which to base statisticalaraly-
sis. Frequently, such reports are not sub-
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miited at all, in violation of regulations, and
tho'ie which ire submitted are usually delayed
in transmission by the cumbersome pro-
cedurss ‘nuw -required. These delays are
as characteristic of the electronic data
processing report cards (required for air-
craft and electronic equipment) as they are
for the narrative reports required by AR
700-38. Furthermore, the reports do not
yield data perrtaining to the performance
of the whole system, but are confined to certain
working parts and mechanical functions.

What is needed is a periodic report regard-
ing certain selected performance variables
which wiil enahls action to be taken prior to
the system going out of control. Such data
could be the basis for Shewhart charts and
similar statistical procedures leading to the
excrrise of a certain amount of control over
the system. To achieve this would be a
significant step toward the ideal of a true
process of feed-back wherein variations in
the output of the system would cause auto-
matic adjustimments in both the men and the
machine to maintain siatistical control and
minimize stoppages.

A study of the Army procedures for
product analysis is recommended with a
view toward reporting performance of the.
complete system iu lieu of reporting failure
of components, and particular emphasis on

speed of communication.
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VI. REPORTS OF CONFERENCE WORKING GROUPS
WORKING GROUP A

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

Colonel E, A. Fossum, USCONARC, Chatrman

CONC LUSIONS:

I. Reports of Human Engineering failures
which are revealed during service test are
frequently toc late to be of any value or
result in coustiy modification,

2. The transitory nature of the mili-
tary assignrent system:i causcs cone
fusion because the user guidance pro-
vided by one military project officer is ro
frequently contradicted or changed by his
successor.

3. Oral user guidan:e is subject to fre-
quent misinterpretations, misquotations, and
outright repudiatior.

4. Comuinunication through normal paper
channels {s frequently too slow to
be of value in providing user guid-
an;:e when {rmamediate design problems
arise.

RECOMMEIIDATIONS:

1. Developing agency personnel should
utiiize approved uger guidance whichis avail-
able in such doc iments as Combat Develop~

ment Objectives Guide, US CONARC Test
Board reports on similar and related items,
etc.

2. Insofar as possible user guidance
should be requested and furnished in for-
mal correspondence, thus insuring that
it is wvalid and not mere personal
opinion of one individual. When it is neces-
sary to provide oral user guidance,
written confirmation of such guidance
should be provided immediately there-
after.

3. It should be a normal required pro-
cecare for developing agencies to invite
participation of using agency personnel in
evaluations of designs, mock-ups, and pro-
totypes, as appropriate.

4. Using agency representatives (from
US CONARC Headquarters and Test
Boards) should be empowered whenever
possibte to speak officially for their
command at steering committee and de-
sign evaluation meetings. When this is
not possible, they should be required
immediately after such meetings to provide
staffed answers to questions which arise at
the meetings.

WORKING GROUP B

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

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

1. The Working Group considers the prob-
lem of training in this field to involve three
levels of requirement:

a. & level of general familiarity with
the aims and methods of human factors
engineering to acquaint officers with the
nature of human factors considerations in
design.

b. a level of that greater degree of
understanding of human factors engineering
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which will easble, e.g., precise specifica-
tion of human factors in desired military
characteristics of Jdesign.
¢. & level of advanced technical pro-
ficlency required far research and devetop-
mental solutions of specific designproblems.
2. The Woarking Group recommends that
these leveis oi uecd for training be taken
into consideration in the establishment of
Army training requir ts in this field.




for English Translatious of the Best Foreign
in Human Factors Engineering

WORKING GROUP C .
Establishment of an NRC Committee to Select and Arrange

Literature

Lr. John Kobrick, QM R&E Cmd, Chairman

i. ‘The working group considers that, while
such translations might be of value to Army
human factors research and development,
formal establishment of such a facility re-
quires investigation of existing agencies
which may now be doing related work, deter-
mination of the nature and scope of the work
to be done and specific Army requirements

for such work, and consideration of the best
means for management of the facility. The
working group lacks information on these
matters.

2. The group, therefore, recommends thai
the Army Chief Psychologist consider the
advisability of further action on this
matter.

WORKING GROUP D

Human Factors Contributions to Equipment
Design for Night Operations

Col Charles W, Hill, MSC, OTSG, Chairman

Current Requirements.

The tactical and tecknizal troopusershave
requirements for improved surveillance and
detection or the battiefield, direction and
control of weapons firing, identification of
own material and personnel, and communi-
cations in group or team functioning. In
addition, there is the concomitant develop-
ment of security measures for the equip-
ments that are developed to meet the adove
requirements.

The equipment developers and designera
have requirements for identification mate-
rials and devices with minimum potential
for detection by the enemy; optimum coding
and communication symbols and configura-
tions; and increased range and resolution in
surveillance and detecting equipment suchas
radar, infra-red, etc.

Requirements at the basic supporting level
are {1} specilic visual capabilities and luni-
tations under limited illumination, (2) spe-
cific visual capabilities and limitations with
optical and electronic =2quipment, (3) selec-
tion techniques for canabilities celated to
night operatiuns, and (4) training methods to

increase abilities related to night opera-

‘tions, : B
Current Research.

The current research effort designed to
meet the above requirements includes the
following areas. Equipments for extending
the perceptive capabilities of human indi-
viduals are being developed with special
attention to searchlights, infra-red devices,

artificial moonlight, radar, night binoculars, .

night photography, seismic devices, and sound
amplifiers. Equipments for anhancing en-
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vironmental cues include radioactive self-
luminous sources, dim electric lights, infra-
red 1lights, and braille maps. Under
supporting research, projects are being con-
ducted on testing deviccs for night vision,
training methods for night operations, defini-
tion of spatial cues in areas of low illumina-
tion, an4d the determination of detectability
thresholds for apecific cue-enhancing equip-
ments.

‘Recommendations.

Research could well be devoted to the
investigation of kinesthetic space similar to
the work now going on with regard to visual
space, to the definition of visual abilities of
the military population, to the interpretation
of non-visual signals, and to the {easibility
of the use of aniinais as detectors and guides.
Supplementing research in these areas, some
value could be obtaincd by reviewing related
research results in othcr arcac which might
be pertinent to these problems, such as the

‘electromagnetic trail which was developed

for use in Arctic operations and might also
be useful in night operations.

There appears to be a need for improving
the communications among human engineer-
ing research and supporting or related re-
search agencies. The communication contact
between users or operators and research is
adequate in general although there are some
weak spots at various points within this
system. The main problem, however, is one
of systematic integration of efforts within
research and development in order to satisfy
user requirements most efficiently.

Finally, there is a need for continuation
of the activity cof the Working Group. The
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nition of the nrc;blcm and tc insure the
advancement of the various recommenda-
tions presented abave.

Group should continue to operate by mail and
visits as the opportunity and funds permit,
. to follow up on a more comprehensive defi-

WOPKING GROUP E
Human Factors in Design for Ease
of
Maintenance of Army Materfel

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

., 1. The problems [aced by this working
’ o group require further study tefore specific
. ) recommendations can be presented.
/ { 2. The group, therefore, recommends that

the Human Factors Engineering Council ar-
range for continuing study of the problem
by this group, with & view to presentation of
firm recomnsndations atthe next conference.
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INVITED PAPER

HUMAN FACTORS IN SYSTEMS ENGINEERING*
Alphonse Chapanis

Depariments of Psychiology and Industrial Engineering
The Johns Hepkins University
Baltimore 18, Maryland

The title of my ralk is sufficiently broad
that one could easily write whole books on
the topic. What 1 plan to do, huwever, is to
confine my attention to a rath:r narrow
group of problems. namely, some of the
human factors involved in the design of auto.
matic and semi-automatic machine systems.

Some Basic Premises

Within the last few years there has been a
great deal written about automation, As 1
read some of this literature it seems to me
that there are three very broad generaliza-
tions we can make about the subject. Since
these arc basic to what I shal! say later,1
should like to list them right at the start:

Automation is not something new. The
first basic premise is that automation is not
something brand new in engineering. Indeed,
in 1784 Oliver Evans built an entirely auto-
matic factory just outside Phijadelphia--a
continuous process flour mill. Not long
thereafter in Paris, in 1801, Joseph Marie
Jacquard exhibited an automatic loom con-
trolled by punchcd paper cards similar in
som:c ways to the punched cards now used
extensively for business and accounting pur-
poses. His loom was sc successaful that in
1012 therc were 11,000 of them operating in
Frunce alone. For years now 'we have had
automatic machinery for the production of
screws, paper, glass and steel, and for a
thcusand othur purposes.

Machines have become much more com-
plex _and much more versatile. Although
automation is not something new, what has
been happening is that automatic machines
have been becoming much more complex
ard much moure versatile. Evane® auto-
matic flour mill was a single process ma-
chine system. It accepted grain at the input
side and produced bags of flour at the output
side. But this was all it could do, Some
automatic machines today can accept many
different kinds of inputs, perform alternative
kinds of operations on these inputs, and
present the results in different ways. In-

‘Th‘suant‘ of some ks mace ata

on the Psychol

creased complexity and versatility is, I
think, the distinguishing characteristic of the
automatic machine system today.

Automatic_machine systems still use, and
will continue to use, human operators. This,
Tthink, is the most important premise of the
three. Although many machine systems in
use today are described as fully auiomatic,
all those which I know about still use human
operators in one way or another, Moreorer,
I think it is easy to overlook or to be misled
about the amount of work human operators
may still do in automatic systems. Since
this point is so important to the rest of my
paper, ! wculd like to elaborate on it here. |

Recently 1 read in an engineering journal
{2} about *‘...a new automatic contro: sys-
tem...designed to give the uitimate user
increased machine productivity, higher ma-
chine speed and greater accuracy since it
eliminates the human factor.'® This sounded
like a completely automatic system. Yet as I
read further 1 war struck by the number of
times the author, perhaps without realizing
it, haa to refer to human operators doing
something in liis **automatic system.'’ Be-
low, I shall quote certcin phrases and state-
ments from this article to illustrate my
point. It is true that I am quotiig them out of
context, but this does not seem entirely
unfair. 1 have underlined, for emphasis,
those activities which are performed by
human opsrators.

**While little machine modification is
necessary...It is particularly suited for
control of production machines on which
a moderate number of pieces of one type
are to be made, sinceitis simple to change
from one variation of product to another
- simply by providing another deck of direc-
tor cards...Machine directions that would
normally be grogrammed...snndlrd card
processing equipment...is used for punch-
ing, sorting 2and stocking the ‘cards.
Positioning information is punched into
the cards...This permits the operator to
read directions directly from the card...
The cards also have spacefor...operator's
instructions...

ical and Social Aspects of Automation held at the XVth

ymp
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**...the operator initiates the control and
the first card directs the table motion...
The operator then clamps the steel shecet
on the table and ;njtiates the control again.

*"The positioning information can be
read cif a blueprint or tabie of coordi-
nates. The rermaining information punched

into the card includes drawing and part

numbers, card sequence checking, ma-

chine instructions,...operator’s instruc-
tions,...etc,
**If power is removed during any part of

a cycie it is only nccessary to push the
‘Control On' button...It is alsoisgﬁsm
place the control on ‘Hand’ operation while
running through a deck, move the various
motions (sic) to__any other po:int; and
return the control to ‘Auto’...3y reading
the cards in a definite order the machine
operation may be haltec at specificd points,
and through the illumination of an indicating
light the operator is told to check his
planning card...If for any reason the se-
quence becomes disrupted, the operator
can_reset the sequence to any desired
number by means of manual switches
provided on the contrul console.*

These selections do not exhaust all refer-
ences to human activitics in this system.
But | hope that you are left with the definite
impression, as [ was, that there is still a
very substantial amount of human control
required here. To be sure, the operators in
this system are doing different things than
the conventional skilled machine-tool opera-
tor does, but they are an impor.ant and
integral part of the system nonetheless.
Notice also that this system cannot bhe
ovperaied by unekilled help. Reading blue-
prints, programming the operations, recog-
nizing where and when a sequence shouid be
reset--all these activities assume a high
level of skill, perhape oven a higher levcl
than that required for conventional machine
shop work.

To continue with a somewhat different
thought, I think we should be careful not to
confuse remote control with full automaticity.
In many guided missile and drone alrcraft
systems, for example, the human operator
is still in the control loop. He is merely
sitting on the ground instead of in a cockpit.
I you think that guided missiles are fully
automatic systems, count the number of
soldiers, technicians and engineers you will
find stationed at a typical missile installa-
tion, Essentially the same is true of robot
tractors, ships, trains (1), and other vehicles.

The proportion of men to machine units is
steadily decreasing in modern systems, to
be sure, and operators are required to per-
form different kinds of functions than they
do in non-automatic machine systems, but
they are there nonetheless. Moreover, 1
have yet to find any engineer who seriously
considers dispensing with all human operators
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in any system which is planned for the fore-
seeable future. It is this fact--the fact that
operators wiil still continue to be used in
automatic systems--which makes this field
an interesting and impoftant one for be-
havioral scientists.

The Fleld of Systems Engineering

In the United States today there is goeat
interest in systems engincering., One finds an
increasing number of job opportunities avail.
able for ‘''systems engineers'' and a few
universities, Johns Hopkins among them,
have beccme greatly interested in setting
up courses in this area. Who and what
is this systems engineer and why do I
mention him in connection with the problem
of automation?

Although 1 have not been able to find a
universally acceptable definition of systems
engineering, I think it is fair to say that the
systemns engineer is the man who is generally
concerned with the overall planning, design,
testing, and production of today's automatic
and semi-automatic systems. The first need
for this kind of engineering appeared when it
was discovered that saticfactory componente
do not necessarily combine to produce 3
satisfactory system. Even though individual
components may satisfy all specifications,
very often the system as a whole will not
work. Complexity of our mndern machine
assemblayen has apparently created the need
for systems design and systems engineering.
An especially imnportant point is that people
in this business (13, 14) seem to agree that
the behavioral saciences have scmething to
contribute (o systems cagineering. Why is
this so?

Human Factors in Systems Design

It seems to me that the important human
considerations in systems engineering can
be grouped under four major headings:(a)the
allocation of responsibility between men and
machines, (b) the usynthesis of men and
machines into systems, {c) thc human engi-
neering of systems components, and {d) the
evaluatinn of systems.

Although these various factors are not
always explicitly recognized and identified,
they all, 1 think, enter into every system
problem. However, the relative emphasis
attached to each ingredient varies with the
particular system. In one, considerations
about the allocation of responsibility
between men and machines may be
an especially important part of the
initial planning, In another, the major
psychulogical contributions can be made
in the human cngineering of com-
ponents.




ALLOCATION OF RESPONSIBILITY BE-
TWEEN MEN AND MACHINES .

In planning the design of a large system, it
seems to me that the basic question which has
to b~ anawered by designers is not man or
automatic machinery, but rather: What role
should the hurnan be assigned in the system?

Several years agc, a nurber of us got
together to prepare a report on human
engineering for air navigation and traffic
control (7). In that rcport we pointed out
that it was possible to design several kinds
of control systems which could be distin.
guished in terms of the degree of human
participation in the control process. At one
extreme, primary control could be left in
the hands of human operators who are
assisted by data analysis, transmission, and
display equipment. At the other extreme are
thosc systems which are aimost *‘fully auto-
matic*' and in which almost every function
is performed by machinery. In these human
o§entou would be uscd for monitoring,
checking and maintaining the machines, Be-
twecen these two extremes systems can be
designed with still other degrees of human
participation. Thus, a8 system could be de-
signed so that its major work is performed
by semi-automatic machinery but in which
the human opcrator routinely performs cer-
tain critical functions, for example, planning
and decision-making.

Although the vagineer may not alwsive con-
gider the problem in precisely these terms,
it aevems to me that, implicitly or explicitly,
he must make some decigion about the rolc
of the human, When he says that there will
be no people in the system, what he usually
means is that human operators will be uged
solely for monitoring and maintenance, But
this does not dispense with pesple; it merely
msans that the human ‘asks are different
. frorn those in conventional machine systemas.

Rational decisions about the role of human
operators in automatic systems can be made,
it asemn to me, only by considering carc-
fully some general characteristica of human
performance as contrasted with those of
machine performance, Such factors as alert.
ness, nverloading, fsllibility, flexibility,
judgment, information-handling, and so on,
have to be viewed from the standpoint of the
requirements of the system. The functionsto
be performed by the system must be listed
and evaluated by comparing what men can
do better than machinen, and vice versa. It
is important to point out, however, that
mere speculation and srm-chair phitosophiz-
ing may not be enough to provide valid
answers. For example, | read with interest
about a research program recently let by
the Air Force to the Ryan Acronautical
Company (3). One of the basic questionstobe
answered is this one: Exactly what balance
of automatic and manual control should be

provided in an aircraft cockpit? The solution
in this case is being sought by an experi-
mental program using pilots who will *fly**
aircraft simulators with various amounts of
automaticity.

At this point it might be of interest to see
how these considcrations were applied ina
specific case,

The RCA Bizmac Electronic Accounting
System. Several of the considerations men-
tioned above are illustrated very well in the
design of the RCA Bizmac Electronic Ac-
counting System--said to be the largest
commercial data-processing system so far
constructed (9, 11, 12), The installation
covers about 20,000 square feet and consists
of 357 separate equipment units, among them
12 major electronic machir:s and about 200
oth . 1.:.y automatic or semi-automatic
equipments. This particular development was
designed for the job of maintaining continuous
and rapid stock and inventory control of over
250,000 catalog items. It alsoc handles all the
files, orders, receipts, gayments, bills, and
sssociated business paper work,

Onc of the first and most important series
of paychological questions occurred at the
planning stage. It was at this stage that the
systems engineers, in co:. bination with psy-
chologists, carefully sorted out and sepa-
raicd the functions of planning, decision,
execution, and monitoring. The results of
these early deliberatjons 1-6 to the decision
that operators would be used in three ways:
{1} for purposes of planning and preparing
the work (that is, for programming tae
work); {2) for operating the system; and (3) for
maintaining it. The task of the first group of
personnel was to specify the data-processing
job and to prepare a detailed and specific
set of operating instructions for the job
{that is, program the job). The task of the
second group of personnel wan to receive
the operating - instructions, di-ect, rontrol,
and monitor the processing of -inta through
the machines. The task of the maintenance
group was to {nspect, test, and repair ma-
chines as required.

THE SYNTHESIS OF MEN AND MACHINES
INTO SYSTEMS

Having decided on the functions which
oparating personnel! will have in a system
and on the division of responsibility between
men and machines, the engineer then faces
the problem of integrating these personnet
into t:a system. By this | have in minrd
something much more general thanthe human
engineering design of components for effi-
cient use--about which 1 shall speak in a
few m.oments, Rather, at this point ] amcon.-
cerned with some general principles about
ways in which men and machines should
complement each other in automatic or semi-
automatic systems. This is an area of




human engineering which has not received
very much atteation by psychologists and is
one which interests me greatly, Perhaps the
best thing for me to do is to illustrate what 1
mean by an example of what [ consider to be
a general principle of man-machine systems
design.

The principle of veriiication throuegh inde-
pendent  duplication. As wc have already
seen, in planning the RCA Bizmac the deci-
sion was made that programming of datainto
the syster: would be done by human opara-
tors because of their flexibility and because
of the nature of the input data. Yet it is
generally known that even when equipment
has been well engineered for maximum
efficiency, human operators still make mis-
takes. These mistakes may run something on
the order of 1% or 2%, depending on the
particular task. The accuracy requirements
of this electronic arcounting system were
very much more stringent than this, How
then is it possible to design the system to
make use of the flexibility which charac-
terizes human operators and yet to provide
the extreme accuracy required?

The solution of this problem was to use
two operator-verifier teams. The members
of each tesm make identical set-ups on
different consoles. Special equipment has
been designed to compare the output of the
two human operators 3nd to accept for
processing only those items which agree
exactly. Discrepancies are rejected for cor.
rection. Under certain conditions this tech-
nique will reduce the error rate to a few
per million even thuugh the error rate for a
single operator may be one in a hundred. A
romewhat fuller description of this principle
and the statistical reason why it works so
well is contained in a recent publicatiun of
mine (5).

Time doeg not permit me to discuas any
more of these general principles. Let me
just mention two others: (1) Machines should
monitor men so that critical human deci-
sions do not violate basic safety or opera-
tional rules. (2) The system as a whole
should be designed for efficient fault loca-
tion.

THE HUMAN ENGINEERING OF SYSTEMS
COMPONENTS ,

There is usually & 1ot of human engineer-
ing work to be done on the components of
automatic and semi-automatic machine sys-
tems. These fall into two rather broad
classes which 1 should like to consider
separately,

The design of components for operator
u1ge. Since autornatic systems do nof really
dispense with human operators we can see
that tliere i3 araple op};ortunuy for the human
engineering design of the machine compo-

nents with which these operators must work.

So much material has been writtcn about
ordinary human engineering problems that I
shall not dwell on them here. Rather I shall
illustrate how human engineering was car.
ried out in the design of the components for
the RCA Bizmac system. Some of the high-
lights are these: The control room was
earefully deaigned to make the working en-
vironment pleasant. Colors and materiais for
floors, walls, and ceilings; lighting: and the
arrangement of all consoles and desks was

' dcsigned so that the room would be quiet and

pleasant to work in.

In addition, particular attention was paidto
the design of operator consoles for rapidand
efficient human use. The controls and indi-
cators for each machine were first divided
into two classes, operation and maintenance;
where possihle, they were grouped sepa-
rately. The operating panel was made easily
accessible to the operator, as was the main.
tenance panel to the maintenance man. But
over and above such simple and obvious
human enginecring features, the design of
the consoles make use of all the established
human engineering deeign psinciples onc
can find in any of saveral sources. Controls
are grouped functionally; their arrangement
and mcaning are standardized throughout the
entire system so that operators can switch
readily from one console to another; con-
trols and indicators are arranged in the
sequence in which they aure normally used;
color coding is umed throughout; special
attention was given to the legibiiity of labels
and indicators; the controls and their place-
ment are carefully designed on the basis of
anthropometric considerations; and finally
the punched cards which are uged in the
system are designed so that the information
coded on them is arranged in the same pat.
tern as the controls on the consotes.

The RCA Rizrmac system makes more
extensive use of human operators than many
other systems do. However, I want to emn-
phasize thut even if the only function of the
human operator is to monitor the system and
take over 1n emergencies, this does ant
dispense with the needfor human engineering.
Cn the contrary, it intensifies the problem,
When the operator has nothing to do for long
periods of time, it is difiicult to keep him
alert and responsive. Yot if he is to take
over in an emergency he should have infor-
mation about the past history of the per.
formance of the system, what ails it, and
what he should do to overcome the difficuity,
Designing diuplays, emergency signals, con.
trol consoles, and operating procedures for
such conditions taxes the ingenuity of both
the enginser and psychologist.

The design of com%cncﬁor maintenance.
One consequence of the growt semi-
sutcmatic systems is that problems of main.
tenance are becoining increasingly more
severe, Javitz has recently prepared a survey
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of the present state of human engineering in

American industry (10), This is an especialiy
interesting report because the author is not
himself a human engineer or psychologist and
because in preparing his report he contacted
a very large number of persons in academic
institutions, consulting urganizations and in-
dustries.

One topic whichkeeps appearing throughout
his report is that of maintenance. It occurs
not only wih respect to large systems of
machines, but throughout the full gamut of
modern instrumonts and devices. He cites,
for example, a report from the Consumer
Service Division of the Detroit Edison Com-
pany on the excessive amount of servicing
and repairs on toth small and major ap-
pliances. In one year, 1953, this company
had to repair 600,000 small appliances. One
in every 7.5 toasters in the Detroit area,
one in every 9 clocks, and one in every 5
coffeemakers required some type cf repair,
One of the major criticisms arising {rom
this picture concerned the design of the
equipment from the standpoint of its main-
tainability. In sume instances appliances
had to be taken apart completely to
replace something ne trivial sg & piied
light.

The problem of maintenarie ias become
sufficiently important to the mili*ary buyers
of complex equipment that some of them have
begun to write human engineering clauses
into their contracts. For example, specifi-
cations for equipment developed for the

* Signat Corps contain a standard paragraph
requiring the contractor to apply human
engineering principles to the design of the
equipment. This requirement mentions sev-
eral different human engineering factors and,
in particular, specifically requires the con-
tractor to consider ‘‘human space limitations
for opcration and maintenance.’* (The em-
phasis is mine.)

The picture is not completely negative,
however, in discussing the RCA Bizmac
system 1 pointe” out how maintenance func-
tions were carefully designed intoit. Another
company that has a good record in this
respect is the telephone company., Because
it is responsiblc for its own maintenance
the telrphone company in America seemnsg to
have been more alert to the problems of
maintenance than many other industries. New
developments for the telephone system fre-
quently give mesintenance considerations
prominence equal to that given other kinds
of considerations.

It would be impossible for me to give you
a complete picture of the kinds of recom-
mendations which can be made about
the design of equipment for mainte-
nance. 1 would like, however, to call
attention to two publications which dis.
cuss these problems in some detall
(4, 8).

SYSTEMS EVALUATION

The fourth and final area in which human
factors become involved in systems engi-
neering is in the evaluation of systems,
Most current definitions of systems engi-
neeriug emphasize the importance of evaluat-
ing the entire systern before it is actually put
into production. Ae we have already seen,
many systems include a human operator asa
vital part of the system. Thus, any reasonable
attempt to evaluate the performance of the
system must include an evaluation of
the performance of the human operator
working with the equipment provided
him.

An illustration is provided by the Bizmac
system to which 1 have already referred on
several occasions. When the system was
fairly well along in its design, tests were
set up and run under simulated cperating
cunditions: (1) to test the operating condi-
tions; (2) to get some measure of operator
load at the varicus operating positions; {3)to
see what the effects of equipment breakdown
were on overall system performance, and (4)
to get some indication of the adequacy
of the proposed operator and machine com-
Lination.

It would be easy to multiply examples of
this sort, but I think perhaps my point is
clear. Systems engineers are frequently
responsible for designing and running tests
on complicated man-machine combinations.
Those who have actually run some appre-
ciate that such tests are much more com-
plicated than doing ordinary engineering
evaluations. People differ, and tests run
un one subject may not be at all typical of
the performance of the average person.
People learn during the course of an experi-
ment; often they become bored or fatigued;
they are sensitive to the kinds of instructions
which precede the experiment aad to words
of praise or reproof given during :it; they
interact with the experimenter in strange
and sometimes unexpected ways--they
may try to outguess the experimen.
ter, or, on occasions, may deliberatcly
sabotage the outcome of the tests.
These and atill other factors must be
anticipated =and controlled if the resuits
of man-machine expcriments are to be
trusted.

Psychologists, of course, have been
face to face with these prodblems for
years and, in the course of their
work, have evolved techniques for han-
dling many of them. For this reason
it is perhaps nol surprising to find
that psychologists are frequently con-
sulted for their advice on probliems of
technique and methodology. A monograph {6)
1 prepared recently is an alteiapl to pull
together some of this information into a
single source.




Summary

In summary, | have tried to give you my
impreczions of some of the human factors
involved in the design of automatic and semi-
auivinatic machine systems., | hope first
that 1 have been able to show you that there
are still a substantial anumber of human
problems in moct such system:. A success-
ful autom itic system requires ‘hat the engi-
neer care ully consider the role of the human
operator and how he is designed into the
system, Second, I hopc that I have been able
to sugges: why the human factors specialist
is often cunsidered a member of the systems
design tcam and in what ways he cancontrib-
ute to the important and challenging task of
designing new systems for our automatic
world of tomorrow,
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VIii. GENERAL CHAIRMAN'S SUMMARY OF THE CONFERENCE

SUMMAEY OF PREVIOUS CONFERENCE RECOMMENDATIONS
AND ARMY ACTIONS THEREON. 1 OCTOBER 1957

By Dr. Lynn E, Baker, U, &,

As 15 customary at these meetings itisry
pleasure to rencer a summary report of
acticne taken in response tu your previosus
recornmendations. This summary will appear
in the usual tabular form in the Conference
Report. You will note Jfrom the {ollowing
table that:

1. We are continuing action on the

human factors enginecring Guide for Dosign
Engin-ers.
T2 We nave taken action to arrange
short-ccurse training in human factors en-
gincering at Ohio State University and McGill
University fur 6 officers in1957; and propose
to arrange establishment of standing quotas
for future years.

3, Both Crdnance Corps and The Surgeon
General Corps have taken action appropriate
to your recommendations for human factors
engineering obsrrvations during Arctic and
icecap operations.

4. Action is underway to establish, by
Army Regulation, a prrmanent Council for the
planning and coordination of human factors
engineering conference matters,

As respects the present conference, the
members of the Human Factors Engineering
Conf -ence Committee have been canvassed
for their views as to its '‘highlights.'* The
concensus of their views, which largely cor-
responds with the intentions of the planning
for this Conference, is that the following are
“*highlights®':

1. Dr, Edson’s keynote address, which
calls for new departures from the beaten

path;

Army Chief Psychologist, OCR&D

2. thce USCONARC presentations, which
outline the tactica' doctrinal basis for all
Army research and development;

3. Czl Maurice Fletcher's presentation
on prosthetics developments, which gives
emphasis to Dr. Edson’s acdreas by indicat-
ing & mcst important direction in which new
departures appear feasible.

4. Dr. Chapanis®s paper on human fac-
tors in systems engineering, which at last
glives some rational specification to pre-
viously vaguely understood notions.

Finally, there are a number of people
who should be named as having earned our

gratitude for the skil' and care which they -

exerted to assure the success of this Con-
ference. In addition to our host, General
Calloway, our thanks go unreservedly to:
Lt Col Rhode, for his executive over-
view of all arrangements;
Capta.n Bridges, who arranged our hotel
accommodations
Captain Rita Smith, WAC, who arranged
our messing and ‘‘social®’ facilities;
Messrs, George Danton and Nick Guido,
who handled our photographic and pro-
jection facilities;
Mr. Hugh Mclraven, who handled our
technical sarvices; and
Mr. Reardon and all of the Conference

stenographers; who did their workdur- -

ing and after our sessions to give us a
record of our accomplishments.,
To all of these, and more, goes a rising vote
of thanks as, at six minutes after 2:00 p.m.
the Conference is Adjourned.
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TABLE .

SUMMARY REPORT TO3Ird ANNUAL ARMY HUMAN FAC I'ORS ENGINEERING CONFERENCE
ON VA O RECOMMENDA TIONS OF ARMY ENGINEERING PSYCHOLOGY CONFERENCE
Army Medical Research Leboratory, Ft. Knox, Ky., 7-9 Nov 1956,
AND ON ACTIONS RESULTING THEREFROM

RFECOMMENDA TGN

ACTIONS

TAKEN

TO BE TAKEN

TARGET
DATE

b Aupment Army
participation by
working desiun en-
gincers from the
Army Technical

Quwoinme i < v -
Sereices in ISET npe

paration of the Fwinan
Engineering Guide for
Desipn Engincers.
(Corference Repart,
"Army Human Ea-
gineering Counfer.
ence, ' the Pentagon
1415 Dec 55,

page 15)

s D/F from C/Ra 3 ta tOMG,
C;/Ord, CSigO, C/Engrs, CCmlO,
& C;T, dtd i3 Mar 56, subj:
“Joint Services Stecrinpg Com-
mittee for the Human Engineering
Guide t~ Equipment Desipn' re.
fiuests designation of raprescent-
atives for review of "Guide"
chapters who are, or have avail-
able to assist them, working de-
sign engineers,

b. Letter from Army Member, to
Chmn, Exec Council of JSSC dtd
3 May 56, subj: "Army Partici-
pants in Human Engineering
Handbook Review, ' based on re-
plies to above, informs all con-
cerned of Army's designatedtech
service participants & authorizes
procedures for direct contact.

Based on Army re- [Continuing

views (info cys to
OC/R&Dj of "Guide"
chapters, monitor
production of
"Guide' via Exec,
Council, JSSC

2. Inv te CONARC's
conuideration of the
advisability of its
Boards' participating
in the work of the
Cummittee.
{Confercnce Report,
“"Army Human En-
gineering confer-
ence, ' the Pentagon
14-15 Dec 5%,

page 15)

a. Ltr fr C/R&D to CONARC dtd
7 May 56, subj: "Participation of
CONARC Boards in Work of the
JSSC for the Human Engineering
Guide, ' outlines the problem &
requestes CONARC cmts on ad-
visability of participation by
CONARC Bds in critical review
of Cuide chapters.

b. st Ind fr CONARC, dtd 29 Jun
56, concurs ir participation of
CONARC Bds (including Arctic
Test Br, Ft Greely, Alaska), &
suggests channel for action.

c. Memo dtd 19 Jul 56 fr Army
Mbr, kxec Council, J5SC to its
Chmn, subj: ""Army Participants
in Hum Engr Hanibook Review"
establishes channel per CONARC
suggestion,

Same as 1., above [Continuing

3. Establish Army
Human Factors En-
gincering Conference
on an Annual Basis
{Conference Report
"Aemy Humau En-
gineering Confer-
ence' the Pentagon,
14-15 Dec 55,

rage '%)

Human Factors Engineering
Conference Committee (HFECC)
established. (See Appendix 2 for
docunientation, Terms of Ref-
erence, and membership.)

Establish HFEC
Council as perma-
nent agency inArmy
Regulat.ons.

1 Jan 1958
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_personrnel to ohserve

‘tending short course

RECOMMENDATION

ACTIONS

TAKEN

TO BE TAKEN

TARGET
_.DATE

4. Establish a work-
ing group todeter-
mine content, yuali-
fications, & j.ro-
cedures fur training
of officers in human
factors engineering.
{Rpt, 2nd Annual
Army Enginecering
Psyctolopy Confer-
ence, 7-9 Nov 56,
page 21)

No action decemed advisable at
this time.

5. "There are re-
quirements for R&D

Luman performance
... during Arctic and
icecap operations.”
{Report, Itid, page
22)

Hurnan Engineering Laboratory,
OrdC, has established as normal
procedure; TSG planning action
for present season.

6. ... Develop a
methodology for de-
termining the cost
differential {ccsi ex-
pressed in broad
terms such as roan-
power required,
dollars, time, etc.)
resulting from human
engineering changes."
(Report, Ibid, page
22)

No action deemed advisable at
this timc.

7. OCR&D investi-
gate possibilities of
Army officers' at-

in human factors en-
gincering.

(Report, Ibid,”

page 21)

Summer, 1957; 2 officers to
short course at McGill Univer-
sity: 4 officers to short course
at Ohio State University.

Establish further
cuotas for such
training in 1958
et seq. ;

March 1958
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DISPOSITION FORM

FILE NO. CRD/J 5495 U . SUBJECT: Third Aanual Army Human Factors Engineering
Conference
TO: Chief Chemical Officer ° FROM: C/RAD DATE: 15 May 57 COMMENT NO..1

Chief of Engineers

Chiel of Ordnance

The Quartermaster General
Chief Signal Officer

The Surgeon General

Chiet of Transportation

i. References:

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

b. Report, Second Annual Army Engineering Psychology Conference, Army Medical
Research Laboratory, Ft. Knox, 7-3 November 1956,

2. Referenced two conferences have demonstrated great valuetothe Army. By improving
interchange of information concerned ir eubject field, they have contributed to development
agency programs to make new weapons and equipment ever more compatible with the skills
and abilities of the troofs wiw use iliciu.

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 accordingly.

4. Arrangements are being made to hold the next such conference at the Quartermaster
Research and Developrent Center, Natick, Mass., during the last week of September or first
week of October 1957.

. 5. Incl ] presents a summary phasing plan of preparation of the conference program and
‘publication of the Conference Report. As a major elemeat of such preparation the plan calls
for establishment of a Human Factors Engineering Ccnierence Committee (HFECC), with
Terrns of Reference as outlined in Incl 2.

6. 1t is contemplated that the revision of AR 70-8 noted in paragraph 3 wiil 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 represzntative of your office to serve as a member of
HFECC. Such 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"
2 Incl T. J. CONWAY
1, Summary Phasing Plan Brigadier General, GS
2. Terms of Reference Director of Research -
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HUMAN FACTORS ENGINEERING CONFERENCE COMMITTEE
Term: of Reference
1. Purpuees of the Conference:

a. To provide improved intercharg= of information on requiremants, accomplish-
ments, and future >lans among Army agencies conc:rned with human factors engineering:
and

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

2. Purposes of the Committee:

To represent develuprnent agencies and USCONARC in the planning of the Conference,
especially as regards determ:nation of Conference:

a. Agenda. topics, and presentations;
b. Membesbhip;
c. Report format, organization, and distribution;
d. Working Group compositions and maissions;
e. Evaluation and [ullow-up of recornmendations;
and other matters to facilitate 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 Service as knowledgeable of, and empowered to speak for, human factors engineer.
ing requirements and programs of his command.

c. One member, and an altarnate, to be designated by the Curnmanding General,

USCONARC™ as knowiedgeable of, und empowered to speak for, human factors engineering
requiremerts as viewed by the USCONARC Boards.

Rcpresentation on Human Factors Engineering Advisory Council

ORGANIZATION NAME
Office, Chief of Ergineers, Mr. Benjamin Goidberg
US Army Engineers Research & Mr. Lawrence W, Shanahan,
Development Laboratories 8 Alternate
US Continental Army Command, ' ‘ 1t Col Embert A. Fossum
Fort Mon-oe, Virginia Col Keith H. Ewbank,
Alternaie
O Dep CCm10 Scientific Mr. Irving B. Morgan

Activities, Wastington, D. C.

Director of Humar. Engineering Dr. John Welsz
Laboratories, Aberdeen Proving
Ground, Maryland

Office, Chief of Ordnance Mr. Joseph Kauftnan,
Washington, D. C. Alternate




CRGANIZATION

QM Rak Command, Natick, Mass.'

Oifire, Chief Signal Officer
Washington, D. C.

Transportation R&E Command
Ft Eustis, Va.

R&D Division, OTSG
Washington, D, C.

NAME

Dr. Henry F. Gaydous
Dr. Donald F. Haggard, Jr.,
Alternate

Mr. Marshall D, Atlken
Mr. Totvo E, Hedman,
Alternate

Dr. John Wendell Bailey
Col Charles W, Hill

Dr. Philip I. Sperling,
Allernate
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D. CURRENT PROJECTS

Control Coordination Section

1. 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- Hartman
mental Stresses, Jaynes

A battery of tests was designed to detect and measure driving skill fatigue. Test
results also were 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 1, 3, 7 or 9-hour periods and were trsted before, during, and
afles the driving period for evidence of changes in skills periinent 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 90° {rom line of vision to his right at heud level.

The test battery administered before and after driving the desert course consisted of
eight criving patterns. Each was designed tu «licit a differcnt response-pattern which
appearesd to be important in vehicle driving. Skill aspects incorporated in the various
measures were ruch items as: simple and complex forward and reverse manipulation
of the wvehicle accelcrator; clutch and brake courdination; utilization of auditory aud
kinestketic informaticn; and spatial judgment.

The tests given to subjects while driving on the desert course failed to aifferentiate
between the 1, 3, 7, or 9-hour driving groups. The battery of eight tests proved to be an
acceptable instrument for demonstrating increasing skil! fatigu= associated with increasing
length of the driving task. A composite score based on only four of the tests correlated
47 with hours of driving. The rellability 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 tentatively {dentified as: (1) Gross Adjustment; (2) Backing (simple); (3) Tracking;
{4) Backing (complex); (5) 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 require
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 752, 90° or 1059,

Every subject uced 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 90° grip allowed significantly faster responses than did either the 759 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 Maxti-
mum?l‘orcu Which Can Be Exerted
on It
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Five subjects were employed in an investigation to determine the relative influence of’
clevating, lateral position and distance of a contro! on the strength of 6 linsar hand move~
rients. Four elevations, 4 lateral positions, and 5 distances provided 80 control positions
which covered must of the working-space ot the right hand.

The control distances accounted for more of the observed variations in the strength
of the moviments than did eithcr the elevatiuns or the lateral positions. The control
distances strongly aifected all movements, whereas the elevations and lateral positions
were selective in their influences.

d. The Judgment of Angular Positions Herbert Jun 57 Sept 57
in the Hortcontal Plane, on the Basis Caldwell
of Kinesthetic and Visual Cues Alune
ond in Combination.

Twenty-one subjects judged ths locatior of angu'ar positiors from 0° to 90° in the
harizonta! pla.c. Three cue counditions were presented: (1) kines: hetic onty, in which the:
ruhiect wore a hlindfold and moved his arm 1o a Jesignated angular pesition; (2) visioa
wnly, where the subject, without blindfuld ard with hands in light, directed the experi-
rienter in positioning a loag, luminous pointer; and (3) kinesthet:c-plus-vision, in which
the subject was a' « wed to position his armwhile viewing a luminous pointer which showed
the pusition of the 2em. ;

-Performance was most accurate for the subjects using only the visuail cue. The com -
bined cuc condiiion wax beteer than the kinesthetic condition, jut nit significantly so.
The greatest irrurs of localization were obtained in the region: between the mid-point
of the scale and the ends--that is, arourd 30° and 70°. This was true for all 3 cue con=
ditiona,

e. The Effect of Jovstick Mass Hartman May 7 Sept 57
on Tracking Performance.

The study was corncerned with the effcct of mass of the controf (moment of inertia)
on performance. The joystick handles weighed 1 oz., 8 oz., 16 oz., 24 oz., 32 oz., and 40
ounces. The optimal stick length (I8 in.) was wsed. Two conditions of sensitivity were
used-«the hect had a sensitivity ratio of 2.85:1, and the wurst had a sensitivity ratio of
U.5:1. The wvariables outlined indicate tha: the study is designed to answer two questions:
First, what is the effect of control mass on accuracy of tracking? Second, is that effect
different fuor large tracking moveraents than for small tracking movemen:s?

{. Decrement in Driving Skill Herbert Sept 5~ Mar 5u
Associated with Increasing Jaynes
Time of Exposure to Environmental
Stresses.

In the summer of 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; and to measure changes in
these patterns as a function of ircreasing environmental stress.

The present study, to be done at Fort Knox, is an elaboratio of the efforis of 4 year
ago. The battery of 8 tests will be further refined and some new tests wlil be added.

Twenty-four trained operators will drive 1/4 ton trucks (jeeps) on a ““fatigue’” course
on 8 separate occastons. Eack man will twice drive for 3, 7, 1] and 15 hours with the
test times and driving periods so balanced that one-half of the driving will be done under
daylight conditions and the other half during darkness (using headlights). The final hour
of driving in all cases will be done on a driving performance test course comp sed of
12 suba-tests . .

Data wi’l Le analyzed by courrelation and factoring techniques to supply information
on the following points: (1} What are some of the specific skills underlying driving
ability? (2) How much does driving skill dzcrease as the driving task is lengthened?
(3) Does performance oun the tze® 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 2 hand control. The eftects of a safety belt,
shoulder harness, and auxiliary hand-hold will be investigatec. The forces exerted by
the operator on a hand control at diverse orientatlonl to the body will be measured wlth
and without these supports.

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

Ap attempt will be made to develop a th tical del 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 subjccts are used under all conditions.

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

This manual will provide formats for the tabling of experimental data and simple com«
putational directions for common statistical analyses based on such tables. Notation will
demand nothing more than a knowledge of highschonl algebra. A section dealing with some
useful wiring plans for the 1RM 602-A and 604 cz2lculating 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 58
Tracking Scores.

Graphkic records have been obtained of the performance duving the first hour of
tracking by 30 naive subjects. These recurds include the target sighal, the error signsal,
and the graphic time-on-target signal. The problem is to find a way to convert these
graphic records ints numerical data while retaining a maximum amount of informatioa
with a minimum amount of redundancy. Each graphic record will be acored in a2 cumber
of difterent ways. Each score will then be cheched for reliability, and systematic chLanges
of these scores as a function of practice will he nnted. interrelations of the scores will
be made in order . to specify several relatively independent, reliable scores which chnnge
systemeztically with practice.

2. ©-.: ct Research )
D P T ’ - Date " Completion
Title Contractor Started Date
a. .. .ors Influencing Complex Dr. Richard . May 1954  continuing
" :.inion-Making Behavior H. Henneman,
University of
Virginia,
Charlottesville,
Virginia

Research activiiies on the contract during the past year countinued along the lines
developed during tic preceding year. Some of the experimental studies have been con-
cerned with factors influencing choice behavior under simple responding conditions;
other experiimnents have involved decisions in more complex behavioral situations. Studies
have been crrried on regarding: conditions determining the efficiency of multiple task
performance; variablus 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
stimulus 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 operationsl situations requiring the operator to *‘filter® relevant from ir-
relevant data while raonitoring various types of displays.
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b.. Sensing Mecharisms and Control Dr. Edward ~ Jun 1955 Aug 1958
. of Fine Movemeuts in Perception, Girden, Brooklyn’ K
Maotor Drecision, aznd Pesfiorinance., College, Brooklyn, .
New York ‘ '

Impairment in the precision of pursuit tracking has been produced as a consequence
of {nterpolated work-activity., Tnis decrement in performance is tot reveaied unless the
. practice-effuci is carefully cortrolied--with relatively unskilled Ss, th2 perfcrmance
continues to improve with no decrement resulting from interpolated work; with suf-
ficiently trained S5, the intcvpulaied work impairs the precisicn of the tracking per-
fcrmance. With practice accounted for, work-impaired performamnce was reaifly demnn.
sivated with stationary'as well as micving targets, and was obtained oth with tie pressure
and the free-rioving control. The results suggest a greater impairment of performance
with *he free-moving contral than when the pressurc control was used.

c. Certain Physiological Correlates Dr. Robert B, Jan 1958 continuing
of Psychomotor Functioning. Malmo. McGill
University,
Montreasl, Canada

The circuitry of the visual tracking system has been revised in nrder tc eliminate the
need for d-c amplifiers (whkizh drift and require adjustments) and for contact meter-relays
(which need renlarsment] Time off-targel, distance off-target and error amplitudes may
still be scored and synchroniied with the otncr pnysiolozical measures. A vibratory
tracking system was designed and tested in severalsubjects. Data gatkered so far indicate
the null point tvpe of apparatus used in auditury tracking may also be used in vibratory
tracking. Als.s, vacepl fur ihe fact that the vibratory units mav need redesigning so that
they match the mechanical impedance of the skinmore closely, it seems feasible to record
action potentials, EMG's, EEG’s, etc. without interference fro:n the application of mcchan-
ical vibration tu the body.

i Traczings are continuing o1 slecp deprived subject. Most of this period has been ex-
pended in apparatus constructinn
d. Context Effects in Psychophysical Dr. William E. Jul 1957 continuing
Judgments. Kappauf, Univer-

sity of [llinois,
Urbana, lilinois

This s 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 psychophkysical judgment sitLations as a fuiction oftwo
mzjor variables which have to do with the scheduling of trials: (2] the sequence of trials,
2g determined by the psychophysical mechod 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 Stevens has suggested), there are many experi-
ments in which complete data for single subjects are desired. it is therefore proposed to
determine to what extent context effects may be reduced by judicious choice of psycho-
physical incthod and interatrial interval.

The present work would aim specifically at assembling data on the usefulness of the

so-cualled *‘up-and-down’ method in psychophysiral measurement and would compare

‘. results obtained by this method with parallel measure on the same subjects obtained
by more traditional measurement methods.

Because it seemns best to deal with methodologic 1l problems with respect to specific
content questions, it is proposed that the research be done with refersnce to the time
error, and possibly also with reference to stereoscopic depth percepticn. Stevens has
recently presented a view of the timie error which relates it to eifects 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 has revealed it to be. Results of the writer, however,
suggest that by the up-and-down method conspicuously larger time errors may be abtained.
It is therefore appropriate to obtain new data on the time error. It {s 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.

78




vision Section

L. In Service Research - . A ) ) = . . Estimated
i : ) Date Corapletion
Title . Experimenter Started _Date
a. The Influence of Lack of Harker
Coliirnation and Eyepiece Juhnson Mar 56 June 58

Defocusing Upon Stereoscopic
and Vernier Acuity.

Data have bren taker on a group of 24 subjects between the ages of 18 and 28 with
uncorrectel 20/20 visicn in both eyes. Experimental conditions sampled a range of forced
vergence from four prisra diopters ofdivergen:ete sixteen prism diopters of convergence.
Eyepiece defocusing was sampled over a range from plus one lens diopter to minis three
lens diopters. The tasks enmployed were: tixation disparity alignment, vernier alignment and
stereoscopic rangiag., The resuits obtained indicate *hat the influence of *out of ccllima-
tion®'' upon stereoscopic ranging follows fixation dizparity, giving riuc to under-ranging
for divergence and over-ranging for convergence cfthe optical systcm. Eyeplece defocusing
influenced the obtained acuities. Follow-up experimentation, utilizing conditions of sym-
metrica’ and asymmetrical vergence, is planned.

b. Response of an Cbserver to a Harker Apr 56 Mar 58
Uniformly Illuminated, Unstruc- : . .
tured, Visual Field.

Circuits fcr the diiaming of fluorescent larnps have been purchasec. and modified to
permit their application to small tubes. Illumination seen through wriix lucite eye cups
provided with an aperture is matched tothe illumination seen directly thiough the aperture
to present to the observer an illuminated field of maxiral exte:t unbroken by distiuct
contour. Observation by the subject of illuminated targets in hir field of view i3 possible
thrangh the aperture in the sve cupe hy the nes af 2 ssmi-reflectant surface. Preliminary
observations have indicated that the situation ls sufficiently zontrclled to yive rise to the
accomincdative searching characteristic of the ** Whiteside Phenomena'” or **High Altitude
Mycpia.’* A trip to Northern Greenland is planned for .idsummer to permit direct per-
soual observation of '* White-ouat.**

c. The perceptual Interrelaticn ’ Goge! Aug 56  Aug 57
of Frontal and Stereopsis Extents
in the Determination of Form.

Using stereopsis, the depth component sf anobject was adjusted to produce a designated

" form at three distances from the observer.lt was found that when cues to relative distance,

other thaa stereopsis were minimized, the ratio of the adjusted stereopsis to the angular
size nf the frontalcomponent was approximnately a constant. The addition of extraneous cues
to relative distance was foundtc affect this result. These experiments are being considered
in relation to a previouely developeu hypothesis concerning the factors involved in trans-
lating a sterec psis to a perceived linear extent.

d. The Perceptual Interrelation of Cogel Dec 56 Sept 57

Frontal and Stereopsis Exients in

the NDetermination of Prrceived Depth,

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

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

This project aims at the variatles governing the perception of stimulus tluctuations in
a monitoring situation. At present the tasks employed 1o represent this form of perception
consist of estimatinne hy the subject of average past and future stimulus values and trends
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in stimulus values. Experimental conditions were admintistered to 492 basic trainces and
data were collected for 432 of these. There were 4 conditiuns of stimulus determinacy.
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 further explaratinn af functinnal relationchips discovered in the
fnitial experiment over a wider 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 rosults oa the recognizability of irregular forms under nolse mentioned
in the preceding repcrt have been more fully analyzed. Recognition was found to increase
with decreasing noise and with 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. Some indication was found that eight-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 asre 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 Percegtion Dr. Donald Sep % 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 iavestigation will be concerned particularly with temporal factors in jserception,
especially perception pushed to temporal limits. It is at this point that psyckological and
neurophysiological datacanbestbeintegrated onacommon time base. Some of the proposed
problems are as follows: (1) Factors in obliteration of perception hy a succesnive light
flash; (2) Perceptual consolidation time following minimal exp e; (318 y and
perceptual interaction; (a) I terscnsory dissociation, (b) Influence of crou-modallc‘
stimulation on perception, (¢c) Fffect of cross-modality stimulation on habituation; (4
Effect of photic driving on perception; (5) Emergence of form or pattern in visual per-
céptivn. The outcume of basic wstudies un the psychophysiology of perception can have
numeroua applications in the field of military operations, particularly in the use of
technical instruments which often tax the limits of perceptual capacity.

€. Some Perceptual and Physiological Dr. Waller Jun 57 continuing
Aspects of Uniform Visual Stimu- Cohen,
lation University ot
Buffalo,
Buffalo,
New York

This is a new project which has been in effect for one (1) 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 stiinulation of the entire visualfield (Ganzfeld) and when a diffcrentiated
area is present. The Ganzfeld will be produced by use of special apparatus based on the
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principie of the photometer sphere. Special attention will be paid to the teﬁnpoury cessa~
tion of vizuai experience that occurs under these conditions. '

Under conditions of inhomogeneity in the Ganzfeld, the follewing 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 stimull will be
systematically varied: {1) size of figure, (2) mode of appearance, (3) apparent distance,
(4} definitcness of coatoar, {5} shape. The following characteristics of the stimulf will be
systematically varted: (1) size of figure, (2) form of the figure, (3) boundary between
figure and ground (lines and points).

The results should contribute to the Leiler understanding of seine of the basic mech-
anisms involved in (1) figure-ground segregation, (2) distance perception, (3) color
perception, (4) contour formation. From the military point of view, the results may be
related to the perception of objects under conditicns of relative uniformity, i.e., fog,
sncw, and sky.

d. Fluctuations in Night Visual Dr. E. Parker Jun 57 continuing
Acuity . Johason, .
Coloy College,
Waterville,
‘Maine

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

The purposes of the proposed study are two:
(1) To make clear the existence of these fluctuations which, though their implications for

night vision testing are important, Lave never been described at all in the regu. r
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.

Sound Section

1. In Service Research .: L I Estimated
: Date - Completion
Title Experimenter Started Date
a. The Aural Overload Test as an " Fletcher *  May 57 Feb 58
Indicator o Susceptibility to Snyder

Noise Induced Hearing Loss.

Reference audiograms and aural overload thresholds were obtained for about 100 kMA
trainees prior tc training. At the end of their 6 months training, audiograms and aural
overload threshoids will again be taken from the trainees. Analysis will be made toc 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 attenuationcharacteristics 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
artenuation,
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¢. A Hearing Ccnservatinn Pragram Fletwcher . May 57 Continuous

:n collaboration with the Chief, Preventive Medicine, USAH, Ft. Knox, a }earing lun-
servation program for Ft, Knox was {nitiated. Phases of the program include indoctrina-
tion and fitting of ear protective devices on personne! working iu high rofsd level enviren-
wents, periodic audiogramming of such perscnnel, with consideration b:ing given to
rotatiap personnel suffering losses from their noisy jobs until recovery is evidenced.

d. The Auditorv **Sharpening®’ Silver Aug 57 Jaa 57
henomenon: I The Differentizl
‘Ihreshuld for Frequency.

The determination of the frequency difference thieshold about a stimuta:ied polnt will
be made using recentiv discovered interavral inhibition to avuid the difficalties imposed
by beat phenomena.

{. The Auditory Snarpeuning Silver Aug 57 Jan 57
Dhencinenon: Ui, An Investi-
gation of thc Absolute Thres-
hold tor Pure Tones in the
Fresence of a Contralateral
Pure Tone Stimulus.

Using pute tone to produce contralateral inhibition the absolute thresheld for intensity
will be investigated in the region around the center of thz coatralataral inhihition,

¢. Contract Research

-
" - 3™

Date Completion
Title Cuntractor Started Date
4. The Effect of Uverstirmulation Dr. Merle continuing
and Intersal Factors on the Lawrence,
Function of tae Inpner Ear University
of Michigan,
Ann Arbor,
Michigan

The tavel sbove threshold at which the ear overloads {s apparently not influenced by
conductive lesicus. Therefore this measure was compared with bone measnrements made
pre- and post-operatively in otoschlerotic patients. Results indicate a 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-
cantly post-cpcratively., For this reassn, the auralenverload test {t corsidered to be
more zccurate thin the bone conduction tesq.

Results of exaninations of scctivnal ears of vibrated monkeys indicate that the
stolithic membrane of the utricle has been dislodged.

Fnvironmental Factors Section

V. In Servicc Research Estiriated
s T Date Completion
Title | Experimenter Started Date
a. Eftect of Temperature Siress Newton Jan 56 Sep 57

Upon Performance of Certain
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 study attempts to determine
optimum temperature ranges for the two methods of control. Data gollection has been

completed and a report ia 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 determine behavioral concomitants of physiological cold
acclimatization. Rats are trained to press abar for ‘heat reward’ in low levels of ambient
temnperature. Several reports in this series of studies have been pub’ished, and others are
in preparation. -

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

Four 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, -vith the anticipation that the ‘fatigue’ may influence the degree of stimulus

equivalence obtained. Datf collection has been completed aud data analysis is currently -

under way,

2. Contrart Research
Date Completion
itle Contractor Started Date

[

a. Ncural Correlates of Thermal Dr. John P. Dee 55 continulng
Sensations Nafe, Florida
State Univer-
.ity.
Tallahassee,
Florida

The problem is to secure from sub-human mammals simultaneous records of (1)
thermal changes and (2) vascuiar responses. We assume such changes are accompanied,
in these animals as they are ir. humans, by thermal sensations: warmth, cold, heat, and
pain associated with extreme temperatures, both cold and heat. We are particu:arly in-
terested in the possibility that these thermally-induced vascular responses, ir «r- skin
and other superficial 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 ceasitivity.

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

Vestibular Section

1. InService Research . Estimated
: ) . Date Completion
Title Experimenter - =~ Started :__Date
a. Apparent Adaptation Effects Cuedry Jul 56 Aug 57
in Vestibular Reactions. Cramer
Koella

One study has been completed and 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 (1) the so-called directional specificity
of these ‘adaptation effects' and (2) tte recovery from these ‘adaptation effects.' The
second report in ibis serivs is in preparation.
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b, Vechniques fev Studying Postural Guedry ’ Sept 57 - May 58
Effects oi Angular Acccleration. Caldwell o

Cramer

The vestibular system in conjunction with other response systems influences the
resting tanic acvivity ae woll 2z compensatuiy activity of a large number of muscles.
Angular acceinration produces a disturbance in ves: bular equilibrium which, among
other elfecis, produces compensatory postural adjustments. It is desirablc to have
sensitive measurement of thesc compensatory adjustments (1) to determine possible
suotle influence on psychomotar performance and (2) to provide an index of the vestibuiar
reaction which would possibly provide a continuous quantitative measure of the reaction
throughout its course.

c. Furthe: Studies of Apparent Guedry Oct 57 Feb 56
Adaptation Effects in Human Cramer
Subjects.

Cur present studies of ‘adaptatinn® effects irdicate a definite necd fur dztcrmining the
magaitude of these effects under avariety of conditions. Two additional studies are planned
to aaswer questious concerning (1) inflience of adaptation effects on response latency of
subsequent stimuli, (2) acrusulative adaptation effects with a number of short stimulf of
the eame direction and (3) ‘*:ransfer’® of these effects to higher magnitude test stimuli.

d. Developtnent of Tecnniques Guedry May &7 Sept 57
tor Ontaininy Continucue Ceran
Estimates of Subjective
Velocity throughout Couvse
of Vestibular Reurtinns,

A number of techniques have been attempted including (1) subiect-controlled com-
pensatory motion of a small light source for perceived motion of a faint background
hight, (2) continuous estimates of present specd relalive to speed in interval just elapsed,
(3) tine estimates of apparent rotation through 45 degrees throughout ihe course of the
vestiouidr reactivu, Our rescarch thus far doss not single out any one of these methods
as Cicaily mupedior 10 the octhers, it is anticipated that refinement of at least one of these
methods will provide a useful technigne for future research. A report of part of this
work {s in preparation,

e. Neurophysiological Study of Cramer Jun §7 Sept 57
Apparent Adaptation Effects. Wells
Guedry

Recent work has demcnstrated the presence of changes in vestibular response to an
unvarying stimulus. Elertrophvsiological records will be taken at the level of the vestibular
nuclei and, if possible, at the pcripheral nerveas it leaves the end-organ during prolonged
constant angular acceleratior. This should provide important infocrmation relating to the
apparent adaptation effects alrcady observed.

f. Percaptivn of Moving Objects, Guedry Oct 57 Feb 58
Gogel

A series of studies §s planned concerning the perception of motion of objects moving
throngk as much as 25 degrees visaal angle where the ma-nitude and direction of move-
ment are systematically varied. It is planned to measure errors ~f prediction of pacition
based upon ohservation of motion of the object.

g. Influence of Mction Sickness Cramer Sep 56 Oct 57
Preventive 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. Attcntion is
focuscd on three issues: (1} the importance of time intervals after ingestion of the drugs,
(2) the side effects of the drugs, (3) the interaction between the side effects of the drugs

and the time interval.
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h. Interaction of the Effects Carlton . . Dec 56 Jul'57
of Sodium Pentobarbital
nd Alcohol upon Gperant
Hehavior of the Rat.

Light dosages of sodium pentobarbitalin water prod.ceda marked reduction in response
output, althuugh neither the animals® motorability nor its '‘alertness'® were noticeably
altered. However, sodium pentobarbital in solution with propolene glycol and alcohot
praduced no rotanle shift in re<pnnse antput, Neither 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 Kaella Aug 57 May 58
"~ Stimuli and Electrical v & Vest.
Stimulation of the Brain Stem. Section

This is an investigation of the effects of electrical stimulation of differert regions of
the brain stem on tne nystagmic respon- of rabbit. It is believed that areas of inhibition
and areas of facilitation of the vestibular response will be located.

jo Differential Satiation Effects Carlton Apr 57 Aug 57
Under Fixed-ratio and Regular
Reinforcement Schedules.

Water deprived rats were extensively traired on concurrent fixed-ratio and regular
reinforcen.ent schedules. After their performance had stabilized, the effects of partial
satiation of their thirst on the behavior generated by these two schedules were observed.
Satiation served to increasc the durat:>c ot pcriods of no responding under the fixed-ratio
schedule without altzring thc response rate. On the other hand, responding under the
regular reinforcement schadule was unchanged.

2. Comtzact Research

Date Completion
Title Contractor Started Date
a. Eficct of Large Displacement Bostrom Apr 57 continuing
Vibrations un Human Performance Research . B
Laboratories,
Milwaukee,
Wiscunsin

"'This is a new project which has been in effest for four {(4) months, There hss been no
progress reported tu date, . . :

The purpore of this research is to study the effects of vibration typically experienced
by drivers of trucks, tractors, and heavy earta moving equipment on human psychomotor
performance, ‘Thé frequencies and amplitudes to be studied will be in the range of 1 to 8
cycles per secund with displacements betweer 1/16 of an inch and 8 inches. Approxi-
mately 10 subjects will be vibrated for periods up to three hours at various intensity
levels. They will be tested before vibration, at segular intervals during vibraticn and at
regular intervals after vibration. The tests will include hand steadiness, body sway, bin-
ocular visual acuity, reaction time, hand tracking, a vigilance test, and mental additivn.
The :ata pathered from the various intensity levels will be analvzed statistic«lly against

" a control condition. The analysis will be of mean performance as well as variability of
performance. The deterioration in human pe.formance due to vibration will also be
analyzed as a function of time.

I11. BIBLIOGRAPHY OF PUBLISHED REPORTS, 1956-1957
Experimental Psychology Depariment j
US Army Medical Research Leboratory

Report No. 215, 12 January 1956. The sensing cf relative distance. W, C, Gogel and I, A,
Schneps.

Rueport No, 216, 17 January 1956. The judgment «f anguiar positinns in the horizontal plane
on the basis of kinesthetic cues. L, S, Caldw=11 and M. J. Herbert. )
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Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

Report No.

218, 15 February 1956, The effects of noise on e¢ye movements. J. Krauvskopf,
P. D. Coleman and R, Kalla.

221, 27 January 1956. The effects ol retinal image motion on contrast thresholds.
J. Krauskopf and R. Kalla.

223, 6 April 1956, Frequency discrimination of pure and pulse tones. R. Cramer
and L, Zeitlin.

225, 7 March 1956, Combined environmen:al stresses aid manual dexterity.
Edwin G. Atken.

230, 11 Anril 1956. A ficld study of a vigilance task. Michel Loeb, Gabriel
Jeanthea1, and Lelon A, Weaver,

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.

232, 20 April 1956. Note on the operation of the standard electric timer from
storage batteries by use of a current converter. J. M. Newton.

233, 27 April 1956. The accuracy of constent angular disslacement of the arm
in the horizontal plane as influenced by the direction and locus of the primary
adjustive movement. 1., S, Caldwell,

235, 9 May 1956. The retinal size of a familiar object as a determiner of apparent
dh:;ajnc;. CW. C. Gogel, B, O, Hartman, G. S, Harker, K, Inaba, R. E, Page
and J. J. Cox.

236, 23 April 1956, “RETAY™..A spccial porpose computer for studies in the
human control of complex equipment. Bryce O. Hartman, Joha K. Wetherbee,
Woodrow Bates and George Potenza.

239, 24 May 1956. Judgments of visual velocity as a function of length of ob-
servation time. A. G. Goldstein and L. K. Williarns.

242, 23 May 1056, Description of Human Rotation Device. F. E. Guedry, Jr. and
Harvey Kalter.

245, 28 June 1956. Graphic time-on-target: a tracking score with both qualitative
and gnantitative aspccts. Bryce O. Hartman.

248, October 1956, Further studies on frequency discrimination of pure and
complex tones. L. R, Zeitlin and R, L. Cramer.

258, 31 January 1957. Judgments of visual velocity as a function of the leagth of
otservation time of moving or non-moving stimuli. Alvin G. Goldstein.

260, ¢5 March 1957. The apeed and accvracy with which six linear arm move-
ments can be visually positioned from two different control locations.
Marvin J, Herbert.

261, 18 March 1957, Some effects of interacting vestibular stimuli. F. E. Guedry,

263, 20 March 1957. The effert of target frequency on pursuit tracking. Bryce O.
Hartman,

286, 5 April 1957. The influence of {ntense noise on a precise fatiguing task.
M. Loeb.

269, 3 June 1957. The effect of intense stimulation on the perception of time.
M. Loeb.

270, 25 March 1957. The effects of noise on work output and physiological ac~
tivaticn, M. M, Helper.
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R.t’purt:\'n. .:7;'. 25 Apri) 1997, Tie effect of target frequency on comp..matory.rackmg. '
Bryee O, Hartman,

Report Nc. 275, 25 larch 1957, Nystagmic eve movements during ineracting vestibular stiruli.
F.f Guedry, L. J, Peacock, and R. L. Cramer.

Report No. 277, 25 March 1957, Responsc acquisition and reversalundercold stress. Edwin G.
Aiker .,

. _ Report No. 278, 7 M.y 1957, The interrelation of vernier and stereoscopic acuities in the
N maki'.g of an equidistant yjudgment. Ueorge 3. Harker.

Report No. 275, 9 May 957. The effect of joystick length on pursuit trdck(ng. Bryce O.
Hartr: an,

Report No. 282, 17 Jaraary 1957, A eurvey of hearing lusses among armor personnel. John L.
Fletcler and Lawrence N. Sslomon,

Report No, 283, 19 December 1956. Behavioral concomitants of cold adaptation: 1. Rate of
sesponding at 2.5° 0, L. J, Peacock and R, A. Marks. )

" Report Nu. 284, 10 Juue 1957, Bahnioral nonr"-mf ants of cold adaptation: Il. Rate of re-
spoadine at =52 ¢, L. 5. Peacuek and R, A, Marks.

Repurt No. 285, 16 June 1957, The effects of auxiliary tropical heat on manual dexterity in
the ccld. 1. M. Neuton and L. J. Peacock.

Keport No. 288, in prese. Precise control manipulation as a function of control location.
Kaymaona G, Sidorsky,

Report No. 28, 28 June 1757, Response reversal and fatigue. Edwin G. Aiken.

Report No. 293, in preés. Adaptation eftecta in vestibular reactions, !‘; E. Gbuedr‘/ and N,
Beberma:.

Repart No. 29¢, in p“ess. Pe ceived front:l size as a determiner of perceived ltereoncoplc
u('pth . 3. Gogel.

F’.cp:xrt Mo, 208, in press. Behav:oral cor»cbmitants" of cold Qdaptat-ion: 1il. Temporal de-
velopment of behavinral differences. L. J. Peacork and R. A. Marks.

Rerort No. 299, in press. Heal a. a4 reinforcement tor operant behavior. P. L. Carlton
and R. A, Marks.

Report No. 300, in p~ess. Effects of variaticas in ambicnt temperature on certain measures
~f tracking =kill and seasory scasitivity. R. W. Russell.

o ¢ Repurt No. 301, in press. Differences in respense latency with different magnitude angular )
. . : . accelerations. F. E. Guedry and G. Richmond. - N

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

. k Report No. 304, in press. The interacting effects of sodium pentobarbital and two alcohols
on the operant behavior of the rat. P. L. Carlton.

Report No. 308, in press. The effect of the extent of movement (control sensitivity) on pm--\llt
tracking performance. B. O. Hartman.

Report No. , in press. Differential satiation effects under fixed-ratio and regular rein-
forcement s:hedula2s. P. L. Carlton.
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Lene st N .in press, Analysis of abductive and adductive phases of movement in cone
tinuous tracking. U. O. Hartman, Marvia Herbert, and W, E. Jaynes.

in press. Sound localization in depth ana direction under three climatic
v ndditions, Lawrence N. Siolomon and Paul D. Coleman.

fleancy o,

R Keport No. .in press, [he relative Joudness of pure and complex tones. Lawrence R,
Leniin.
itepe Pt N L1n press. An observer constant in the percepiion of stereoscopic depth.

W o ogell

o ir. press, ieat reinforced operant behavius as a fmetten of prolonged cold

henort
exposnre, P L. tiaston and R, A. Marks.
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CURRENT PROJECTS — T

<

A, BACKGROUND RESEARCH ACTIVITIES

Project Experimenters  Date _ Estimated
: C e ) : .- Started . Completion
1. R&D on Steering Control R, E. Jelinek . 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. Theultimate goalofthis projectis to provide a facility which will permit a series
of investigations which will be designed to determine the 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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Fiis experrnen 45 designed to deternune the requircmenia «f the visual siimolus field
tor evaluiting simnicted driving perfornance.

Bubicots willdrive(periorin the necessary control movemcais) alorg a4 prescribed course
waker Lwo condinions The first coursa condition is defined by ths path of « moving spot of light
and the second 15 a mwotion picture prusectionof a road. Both conditians are identicai in terms
of control movemants required but differ in the amount of visual information presented.

3. An bwvzlnation of delected H, F. Pohiman Dee 56 July %7
Rifle Sigvts Under Two L. T. Katchmar
Levels of Jlumination :

lins experiment evaluated two experiiaental rifle sights and the standard M1 sight under
two levels of illumination and under conditions clactual firing. The levels of illumination were
tand 80-ft. candles. The experimental sights h:d previously been repnrted to permit the best
sighdting accuracy under low levels of illumination when evaluated with the aid of static train-
ing device.

Ter subjecis, using a highly accurate ,22 caliber rifle, fired four 10-shot roups at a
distanve of 100 yards under allconditions of sights and illuminat:on. The results indicate little
difference in mean radius accuracy for the three different sights under low illumination. Ac-
curacy was greatest with the M1 sight undes high fllumination.

4. An Evaluation of the Three W, Blair . Mov 56 Jul 57
Proposed Sets of AAOC : J. Torre o
Radar Symbols L. Sanders

The three sets of symbols under evaluation werethe HAWK, NIKE I and NIKE II symbols,
lwo -tudies were designed for this evaluation. The first study employed a tachistoscope to
untain recognition turesholds fur each of the different set: of symbols under conditions of
meining assigned to symbols and nuimber assigned to symbols. The second study employed a
wimulated P.P,1. presentation whichk permitted the control of such jactors as number of sym-
beli, the oroporiien ¢f symbols within a set, and distribution of symbols presented. In any
given presentatiun subjecls were required to mark a certain type of symbol or aymbols, as
acc irately and quickly as possible. A total of 30 subjects participated in these studies. -

The results indicate that the discernibilitv of a particular symbol is a function of the
*context uf Lymbois®® in which it occurs. In terms of performance, the rank order of symbol
sets vvere HAWK, NinE ! and NIKE 1Y,

S, An Investigation of the L. Sanders  dum ST Oct 57

lice 01 Graphic R.presen- J. Terre
tation of Feeling States .
tor Symbolic Disploys : N

The attempt to aid radar operators in wentifying radar targets by the use of symbols
requires that a set of s,mbols be devised which will be easily discriminable, sufficiently
diffrrent trom each other to avoid confusion betveen symbols, asd immediate action symbols
be easily identified under conditions of high symbol saturation.

This investigation is 2n attempi to determinc whether there existz within the military
population any communality in the graphic depiction of such feeling states as hositility, friend,
enemy, etc. It any co lity is found to exist the 3yn.bols will be uned ta derive a refined
set of symbols which will be evaluated under simulated radar conditions to determine their
effectiveness for identification of targets.

Graphic depictions will be obtained from 200 subjects under .mup teating conditions and
50 subjects under individual testing conditions.

6. The Motivational Effects N, H. Azrin Aug 8T Dec 57
Of Rest Periods on L. A, Sanders
Performance

Characteristically, performance over extended periods of time exhibits progressive dec-
rement. This periormance decrement has been variously explained by concepts like fatigue,
boredom, arn? :nonotony., A number of methods have been discavered which, when applied,
appear to eliminate, reduce or forestall performance decrement. One of the many methods
used is the injection of brief rest periods.
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The present study is concerncd with the use of rest periods to increase performance.
There 5 some evidénce to indicat: that rest periods possess an inherent motivating value
above und beyond simply providing time for ‘‘fatigue products'’ to dissipate. The present
expatriment is designed to (1) investigate the hypothesis that rest periodsdo possess motiva-
tional value, and (2}, to explore several variables which may affect this motivational value.

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

Apa-t from its effects on hearing and communication, noise is generally assumed to ex-
crt a detrimental effect on performance, however, .in the literature there are reports of no
effect, detrimental effects and beneficial effacts. To say the least the results are ambiguous.

The present experiment was designed to systematic:lly investigate the effects of various
noise schedules, ranging from continuous noise to brief bursts of reponse produced noise, on
a task which requires a high degree of attention. The task employed requires that the subject
make a response as soon as h¢ dotectsthe stimulus. In order to observe whether the stimulus
is present the subject is required to make another response which permits a brief view of the
stimulus field. It is this**‘looking response’ 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 Muzzle J. J. Romba . :
and Brecch 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 Mcdical Laboratory. The program was initiated to determine the effects of blast para-
meters on various types of performance. Bucause of the obvious hazards involved the pro-
grarn was initiated on an animal level. The vverall program consists of three phases.

The first, or physiological phase, has as its goal the determination of lethaiity limits in
addition to dctermining the gross physiological damage resulting from sub-lethal blast pres-
surcs. Three coaditions of expnsure have been used: (1) direct exposure to blast waves, (2)
exposur< 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 bady
translation. The side chamber permits exposure to normal shock tube pressures but elimi-
uates the faclor of wind loading, The blind flange eliminates wind loading and permits higher
overpressure duratiorns thar. could normally be obtained by utilizing the phenomenon of re-
flected pressure. < .

"Data has been collected on 1Z animals. The determination of Tethality limits will depend
primarily on the limits of the shock tube.In most cases Fastax motion picures wcre obtained.

The sceond or Poychological phase, has as its goal the effects of blast on psychulogical
behavior, e.g., learning, retention, motor courdination 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 these animals to sub-lethal blast levels will begin during August.
Both siuyle and multipie exposure are planned.

The third phase involves the development of a wide variety of mental, motor and motiva-
tional tasks %o Lo administered to operators of artillery weapons before and after scheduled
firings. An attempt will be inade to scale any observed behavioral changes according to the
pressures which are characteristic cf particular types of weapone.

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 iimited to or depcudent upon the
development of adequate electronic equipment. For example. the presently available electronic
equipment for research on radar symbolsislimited to sine wave derived symbols. An optical
prujection system isbeing develuped as an interim itemn which will permit the isolation of thuse
significant display variables which should be furtiicr investigated with actual electronic equip~
ment. The equipment in this manner will aid and provide guides for the development of future
electronic facilities. The optical projection systiiz will be capabls of presenting both »static
and dynamic displays.
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J. 1. Kandall . May 56 Continuing
M. 1, Kurke

J. A, Stephiens

C. N. McCain

10, Development of Radar
Simulation jquipinent

The goal of this development program is te provide a master facility which will permit
the investigation of a wid: variety of prychological and electronic variables in the display of
in addit.on to its importance as a research taol, this raciiily wiil e

radar information,
for eviluation, coemplete tactical situations which are anticipated for

capahie of simalating

varigus types of weanong systems.,

; At present an electronic syster has been developed which s capable of displaging a wide

viariety of sime wave corived stmhbaly onan M33 scope. Studies utilizing this simulating equip-

{ ment will begin very shartly,

; B, S5YSTEMS EVALUATION ACTIVITIES
| Lio LLALA, Weapon Svstem C, N. McCain, Jr. - Qct 56 Continuing
{Towed Virsiony k. C. Weiss
M. I, Kurke

} This 1s a cuootinnieg program to provide human (uctors design requirements fur the de-
g velopment of thix system. The forming of thes: requirements is the outgrowth of personnel
exprrience wth comilar systems, lterature reviews and controlled experimentation. At
( present two ¢ cperiments are unde= way, The farst experiment is designed to determine the
. least magnificalicw, «equired to detect airborne targets ata specified range. Auxiliary to this
will be the investigations of an optimal field of view for the dctermined level of magnification.
The secord experunent js designed to investigate tracing efficiency using varying degrees of

aperator and tracking mount articutation.

Thic propram will terminate with an evaluation of the developed weapon system:

12, Fealvation ot Specific

Missil Systems
LACROQSSE. L. Estrinc Jun 56 Continuing
. C. Mler ’

DART E. Wdiss Aag 57 Continuing
J. Torre
C.Crusc

REDSTOME E. Weiss Nov 56 Continuing

L. Feidman

. Thr detasls of each of these systems are variously classified from confidential to secret.
These programs rcpresent a contmumg effort to provide contractors with the necessary

specific Juman factors information to insure operational efficiency of the fully developed

massiie system,
' ¢ This type of activity der:ands that project personne) become thorougkly familiar wath the

military characteristics and the tactical situations envisioned for the system. Following this,
detailed consultations are held with contractor personnel to insure proper cognizance of

kol - human facturs requiremenis in the design of the system, In many cascs laboratory. experi-
o meniation is required to solve human engineering problems, An evaluatiun of component items

is performed as soonasthe itemsare available in order to discover any deficiencies. Each of
these programs will culminate in an evaluation of the c-.-mplete operational system. Some of

the rnain factors taken into consideration are: ‘

Reduction of error likely in situations encountered in the assembly of the unit, han-
dling of component items, checkout procedures, and possibleuser ahnae of equipment.
b. The efficiency with which trained operators can set up and use the equipment.

¢. Environmental factors which might affect the efficiency of the system.

d. Deriving detailed standard operating procedures for the system.

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

HAWK J. A. Stephens Jan 55 Continuing

M. 1. Kurke )
TALOS B. Moler Mav 87 Continuing
SERGEANT J. A, Stephens Dec 56 Continuing

E. C. Weiss

The efficiency of any missile system, regardicss of type of design, is dependent to a large
degres 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 systeins 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 from 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 Dedstone Arsenal tomonitor this aspect of missile development being accomplished
by prime contractors. . .

It is anticipated that human engineering monitcring will become increasingly important as

- future missile systems are developed.

C. INFORMATION DISSEMINATION L. Mack Do !. Continuing
H. Ferrero ‘ i
J. Hornbeck

To keep Ordnance engineers abreast of the rapid advances made in human engineering an
activity was created which has the responsbility of disseminating valid human engineering de-
sign criteria to Ordnance engineers in a form that is practical and understandable. Even the
most engaging and promising work can remain unused unless read and digested by those who
plan and develop equipment. P:ropu»r emphasis on pertinent material illustrations. photographic
layouts, and other publicatica techniques is employed for best results. Two publications are
published regularly, a *‘Data Report'* and a ‘*Newsletter."’ :

D. FIELD LIAISON ACTIVITIES D. K, Andrew ‘ ' Continuing
E. A, Van Huyck
C. D. Congleton

The purpose of this progra.n is to gather human engineering data pertinent to Ordnance
materiel assigncd to combat organizations. The data are gathered from military personnel
through questionaaires, interviews, monitoring maneuvers, and other means which lend thera-
sclves to this preblermn. 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. Comparizon of M59, Til3 and T117 Light Personne! Carriers
V. 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,
{u) Evan Charney, Anthony J. Rose and Louis T. Lee. ) }
TM No. 27 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 of the tank, 76mm gun M41Al. Martin I, Kurke,
{U) John A. Stcphens, Robert Rell, Erneet E. Fusco and Arthur L. Taylor.
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TM No. 2-57
(C)

TM No. 3.57
v

TM No. 4-57
()

TM Ne., 5-57
U

TM No, 6-57
(v

TM o, 7-57
(u)

TM No. 8-57
(V)

TM No, 9-57
v

TM No. 17-2
{€)

Lorenzen, Theodore G,

June 1957. Human enginecring comparison study of the ground guidance
stations of Corporal missile system type il andtype III. Al(red P, Van Huyck,
Theodore W. Miller and Bruno L. Sova,

March 1957, Physical force probleras: 1. Hand crank performarce for vari-
onz crank radii and torque load corr.binations. Leon T, Katchmar,

April 1957. Human Engineering field survey ot 280mm gun and transporters.
L, K. Andrew, T. W, Miller and C, 3 lansill,

In Press. Optical Systems and Aerial Target Detection. Martin I. Kurke and
Claude N. McCain, Jr,

In Press., A study of cold weather org-nizational maintenance problems.
Dwight K, Anidrew, Aibert . Eacon and Anthony J. Rose.

In Press An cvaluation of selected rifle sights under two levels of illumina-
tion. Leon T. Katchmar, H. F. Pohlmann

in Press. An evaluation of three proposed sets of radar symbols, Wesley C,
Blair, James P. Torre, Leonard A, Sanders

In Press. Literature Koview: Tracking control mechanisms and displays
(Light anti-aircraft system oriented). Samuel A. Hicks.

February 1957, First interim report--Psychologi=al and phys:iological effects
of muzzle and breech blast, Wesley C. Blair,
1i. ORDNANCE WEAPONS COMMAND
VITA

Te., Ordnance Fngineer, ES, Bradley University, 1951

CURRENT PROJECTS

The Headguarters Ordnance Weapons Command, Rock Island, Illinois, coordinates the

human enginee.ing program ot the Ordnance Weapons Command on all mission items. The
actual studies and evaluations of the development items take place at the inember Arsenals
assigned development support responsibility for the end item. Principal coordination emphasis
is being placed on the following systems,

1. Vigilante (UJ)

2. Little John and Honest John Helicopter Transportable Launchers (U)

3. COctopus (U)

III. ORDNANCE TANK-AUTOMOTIVE COMMAND
VITAE

Carney, William H. Coordinator, Engineering Design Dranch,
MS, Michigan State University, 1957

Hansen, Alfred A, E,, Human Enginecring Specialiat
LLB, Detroit College of Law, 1927

Smith, Danis! F., Chief, Special Engineering Branch, R&D Div
CURRENT PROJECTS
Human engineering analyses were made of the fol'owing vehicles:

1. T95, at Detroit Arsenal, Centerline, Mickigan
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2. b P. Artillery Vehicle T236, at Pacific Car and ¥F-andry Compan)". Renton, Wash-

3. 8. P, 105mm Howitzer, T195, at Detroit Arsenal

4, Air Transportable Armored Multi-purpose Vehicle, at Detroit Arsenal
5. Transporter, Doub.le End, Combat Vehicle, at Detroit Arsenal

6. Truck, Aircraft Servicirg, 3/ Ton, 424, at Detroly Arsenal

7. Truck, Tractor, 25 Ton, Bx8, XM-375, at Ree Motirs, Lansing, Mich.
8. Truck, Cargo, 5 Ton, 8x8, XM-382, at Detroit Aueﬁaa '

9. Truck, Utility 1/4 ton 4x4, XM-151, Ford Motor Co., Detroit, Mich.
10. Truck, Ca1gw, 10 Ton, §x8, XM-40%, at Detroit Arsenal

11. Truck, Fuel Tank, 10 Ton, 10x4, at Aberdeen Proving Ground, Md.
12, (Jar‘rier; Fertonnel, TI113, at Food Machineéy & Chemical Co.; San Jose, Calif."
13. Tank, T92, at Aircraft Armament, Inc., Cockeyaville, Md.

14. Vigilante Vehicle, at Detroit Arsenal

IV, PICATINNY ARSENAL
VITAE ‘ .
Goldsmith, C, T., Head, Ruman Engineeﬁng Unit, MA, Fordham University
Pcters, Gi. A,, Psyzhologist, MA, Temple ﬁﬁiveriiﬁy o
Seminara, J. L., Psychologist, MA, New York Univeniti '
Strauss, P, §., Psychologist, MA, New York University
Worm}-. P. F., qucholc-g!st. MS, City College of New Yorl;

¢

W"right, N. L;,LPsycholagist, MA, Fordham Univeééify

CURRENT PROJECTS

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

1. Equipment Design. Based on material available in the literature, the exjericnce of
the Arsenal's Fingincering Peycholegiste, and relatively iaformal cxperimentation, dJdesign
recommendations are made to engineers. Upon request of the project engineer, end-item de-
velopment contracts are monitored to insure thatcontractors are making proper use ot humin
engineering principles. The equipments considersd range from complex missile warhead test
and checkout equipment to relatively simple fuzes and timing devices. Currently, seven items
are being considered. Where required informationisnot available in the literature, supporting
rescarch tasks are initiated.

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

a. Radioactive Illuminants. Preliminary studies (TM Nos.17aud19) Lave shown the
feasibility of Yacklighiing many Ordnance information displays with self-activated phosphors.
Studies’ are now underway to determine optimum colors, brightness, character sizes and ap- .
plications. (Wright, Seminara) . . P
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b. Control_/pi_nglq_gntio. An investigaticn to determine optiraun G/ Dratio, torque,
and contruol gize for seiting multi-revolution counters is presently underway. (Wright, Gold-
smith) .

c. Rotary Knob Torque. A study aimed at determinicg maxiraum torque whick can
be applied to varicus aize knobs is in progress. (Worms, Goldsmith)

3. Equipment Review. The unit is often called upon to evaluate specific designs 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 accomplished by means of ad hoc experi-
ments. {See list of publinhed reports for examples.)

4. Systems Analysis. Although a compiete man-machine system is considered in avery
task, some prijects appear to be mainly concerned with the effect of several aspects of human
performance on system output. The following are current tasks:

a. 3.5 inch Rocket System. Our investigation to determine the output of increasing
ballistic accuracy, while decreasing aiming accuracy and time-to-fire, in being conducted.
{Strauss)

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

. c. An experimental and analytical study of the eifectiveness of anti-persc nel miine
fields in relaiion tc distribution and visual detectability of mines is currently underway.
(Peters)

d. An investigation of the ranging and aiming crror of a small caliber weapon
system is bueiug conduct.d. (Strauss)

5. Miscellanecus Activities

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

b, Effort i3 beinyg devoted toc monitoring the activities of a Human Engineering
Laboratory Field Liaison Tecam. This team is presently performing a field uaage survey on
atomic weapons for this arsenal.

c. A Human Engineering Bulletin is published pericdizally togive designers needed
technical information in digest form.
BIBLIOGRAFHY GF PUBLISHED REPORTS

PA Technical Report No. 2415 isual detection uftripwires for anti-perscanzl mines (Peters,
Drum) June 1957

TM Nn. 10 tlov. 1956. The anulysis of human factors in weapon systems.
{U) C. T. Goldsmith

TM No. 11 Jan 1957. A human engineering svaluation uf two safety band assembiics for
(U Rocket Fuze M405. J, L. Seminara

TM No. 12 Feb 1957. Human Engineering recommendations for the design of the display

f of i mechanira) interval timer. Drum.

TM No. 13 Feb 1957. Preliminary luman engineering recommendations of the design of
() a timer and associated code wheel device. J. L. Seminara

TM No. 14 Mar 1957, Design recusuncadations for the XM77 Adaptation Kit.
(S) C. T. Loldsnith

TM No, 15 Ap= 1957, Visual detection of gravel items. J. L. Seminara, G. 4. Peters,
(5) C. T. Goldsmith
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TM No. 16 Apr 1957. Methodological applications of human factors ir. operations re-
(U) search. G, A, Petere, C, 1, Goldsmith

TM No, 17 May 1957. Detection thresholds for rad:oactive self-luminous panel markings
) at night. J. L. Seminara, C. T. oldsmith : '

‘TM No. 18 Jun 1957. Sightless aiming of T48 (CLAYMORE) Mines, G. A. Peters, C. T,
{C) Goldsmith

TM No. 19 Jul 1957, Psychophysical investigation of thresholds for alphamevirsl char-

“{U) act=rs backlighted by radivactive illuminants. N, L. Wright, J. L, Seminara

TM No, 20 Jul 195/. Ram loading of artillery ammunition by men: II. Experimental
{(mn rammiag. C. T. Goldsmith

TM No, 21 Jul 1957, Conversion of visible height cover functions to presented target -
(U) area, C. A, Peters, Gross

TM No. 22 Jul 1957. Design recgmmendations for a Nuclear Timer and associated Scroll
{u code device. J, L. Seminara

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

T™ No. 24 In Press. 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) conditions, P, F, Worms, P. 5. Strauss. G. A, Peters

TM No. 26 In Press. Human surface area: kstimate for the determination of the lethality
{v) of weapons, G. A, Peters, Gross

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

V. WATERTOWN ANMSENAL
VITA
Ernst, Harry W, Ordnance Design Engineer
CURRENT PROJECTS
Human factors projects have been conducted in the design of the XM33 Launcaer and
presently on the Vigilante. Both of thkese projects are clasaified,
VI, U.S. ARMY ORDNANCE ARSENAL, REDSTONE, HUNTSVILLE, ALARAMA
VITA |

Graham, Donald I,, Jr., Technical Advisor, Field Protective Measures and Human Engineer-
ing, CE degree, Northwestern University, 1937

CURRENT PROJECTS
This arsenal has current and continuing human factors studies involved with the (ollowing
guided inissile prnjects. In brackets are the contractors or other groups baving an active
interest in such studies and funded Ly Lhis arsenal dircctly or indirectly:
1. DART (Aerophysics Dev Corp - HEL)

2. LACROSSE (Martin Co - HEL)
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3.
4.
5.
6.

DeTogni,

1.
2.
,C

ORDBG-4, Jan 51 Semi-Annual Report on Ordnance Engineering l‘or Troop
Operltional Factors at Watervliet Arsenal; G. R. DeTogni.

Quarterly Report, July 1957, Environinental Test of Cannon Cumponents; G. R. DeTogni..

ORDBG-4, Aug 57, Semi-Annual Report on Ordnance Enginoering lor Tronp Operational
Factors at Watervliet Arsenal; G. R. DeTogni. ; s

Quarterly Report,

SERGEANT (JPL - HEL) . P —

HAWK (Raytheon Corp - Dunlap & Associates - HEL)
NIKE-AJAX & HERCULES (BTL - Douglas Aircraft)
TALOS (RCA)

U.S. ARMY ORDNANCE ARSENAL, WATERVLIET, WATERVLIET, NEW YORK

Gino R., Ordrance Enginesr (human factors), B.S. in Physics, Union College, {951

Pivot Chamber

Environmental s'tudie-

July 57, Environmental Test of C Cont, , G. R. DeTogni.

<

VITA )

CURRENT PROJECTS

BIBLIOGRAPHY OF PUBLISHED REPORTS




Quartermaster Research & Engineering Center, U, S. Army
Natick, Massachusetts

1. Vitae
1I. Current Studies

1II. Bibliography of Published Reports
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I. VITAE
Allen, Vernon L., lat. Lt.,, QMC, Human Factors Study Group, A. B. University of Alabama,
1955.

Bu-khalter, Thoraas H., Ist. Lt., QMC, Human Factors Study Groap, M. A, Ohio State Umver-
sity, 1956. Area of specialization: Humaa factors problems in systems operations; engi- -
neering psychology.

Dusek, Dr. E. Ralph, Chief, Psychophysiology Section, Ph.D. State University of Yowsa, 1951,
Arca of specializaticn: Physiological psychology, psychomotor performance, ¢

Fine, D.. Bernard J., Research Psychologist, Systema Research Section, Ph.D. Boestorn
University, 195(. Area of specialization: Social psychology with emphasis on attitude
change, personality and small groups. L S [

Gaydos, Dr. Henry F., Chief, Human Engim&ring Section, Ph.D'; University of Florida, 1953,
! Area vt specialization: Engineering psychology, tactual-kinesthetic perception, apparatus
design. N

Hazgard, Dr. Denald F., Research Ps-,-c!mf:;;!::, Peoychophysistogy “Seetisn, PR.D, State
University of lowa, 1956, Area of spccialization: Learning and perception.

Jones, Clatke E., Research Psychologist, Human Engineering Section, M.S. Pennsylvania
State University, 1949. Arca of specialization: Physiological psychology. M

Klein, Dr. Richard M., Research Psychdoiint. P.ychophyﬁoloky Section, Ph.D. Boston
University, 1957. Area of specialization: Learning, perception, and thinking, .

Kobrick, Dr. John L., Research Psychologist, Human Engineering Section, Ph.D. Pennsylvania
State University, 1953, Area of specialization: Engineering psychology; apparatus
deaign, .

McGinnis, Dr. John M., Chief, Systems Research Sec:ion, Ph.D, Yale University, 1929. Area
of specialization: Human factors components oi systems design, troop attitudex and
preferences.

Mendeuhatlt, Robert’ L., Capt., QMC, Human' Factors Stady C_roup. M.S. Oklahoma A & M
College, 1956, = CT

Mills, Dr. Allen W., Psychologist, Ph.D. Harvard University, 1937, Area of specialization:
Audition; physinlogical psychology.

Teichiner, Di. Warren H., Chief, Psychology Branch, Ph.D. State Univcrsity of fowa, 1951.
Area of gpecial.zation: Perception, psychomotor perforinance, cngineering paychology. o . ..

Wolf, William S., Capt.,, QMC, Chief, Human Factors Study Group, M.S. Univ. of Virginia,
1950. Ares of specialization: Human factars problems in systems operations.

. CURRENT STUDIES ‘ . .
A. Psychological and psychophysiological effects of environmentat factors.

1. Manual dexterity as a function of temperaturc.
Dusek, E, R, Started Oct. 1956 - Completed Sept. 1957,

‘The effects of exposing subjects to low ambient temperatures while they performed
manual tasks requiring fine manipulation were studied. Data obtained with the Minncsota Rate
of Manipulation Test, the O'Connor Finger Dexterity: Test and the Purdue Pegboard Test
indicate that manual tasks requiring finer finger dexterity and coordination are especially
vulnerable to impairment under low ambient temperature conditions.

100




ol

.-

arl

A N <

2. Skin temperature and pressure sensitivity.
Mills, A, W. Starte¢ Apr. i957 - Completed Sept. 1957.

The effects of low ambient temperitures on the tactile sensitivity of the hand were
studied. A preliminary experiment indicated that the minimum detectable pressure on the
fingertip incr.ases by a factor of 2tc 3 when the skin is lowered from normal to near freezing
temperaiures.

3. The relation betweer EEG amplitude and reaction time and EEG frequency and reaction
time in sleeping subjects.
(Tufts Umversity contract) Started Apr. 1956 - Completed Sept. 1957.

The purpose was to investigate the rehhcnshlp of EEG variables of amplitude and
frequency to the sleep-wakefulness continuum, using reaction time to a sound of constant
intensity ax the measure of depth of steep. -

4, Gereral purpose scales for measuring subjective judgments of warmth and cold and

some factors affecting them.
McGinnis, J, M? Started 1954 - Completed 1958.

The purpnsc was to develop a scale auitable 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 windchill and for measuring the efiects of various
types aud amounts of clothing, but it is not sufficiently reliable for individual comparisons.
Natas have boon collected and partially analvzed.

5. Effect of distance ‘of rcach on tactual-kinesthetic judgment of size.
Gaydne, 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

i3 varied in a horizontal line parallel to {a) the sagitial plane of the body, and (b) the frontal

plane of the body. The data indicated that error of judgment increases as the distance between
the variable and standard stimuli is incre2sed. However,the error is greater when the stimuii
are lined up parallel with the sagittal plane of the body.

6. Psychological factors r;lated to sensitivity to climatir stress.
Haggard, D, F, and B, J. Fine. Started Mar. 1957 - Completed Dec. 1957,

: Purpose was to deterrmine fha relationship between persunahty factors s measured by °°
the Minnesota Multiphasic Personality Inventory ard subjective judgments of feeling cold as

measnred by a rating scale. Dala are being analyzed.

7. Subjective judgments as predictors of motor performance decrement under climatic

stress,
Dusek, F. R., B. J. Fine and D. ¥, Haggard. Started Mar. 1957 - Corupleted Dec. 1957,

Purpose was to investigate the relztionslip between performance decrement in the cold
as measured by the Minnesota Rate of Manipulation Test and individual sensitivity to cold
when physiclogical responses such as skin ternperature, internal temperature, and heat deaht
are controlled. Data are being analyzed.

8, The relationship between personality and patterns of {inger cooling.
Haggard, D. F. and B, I. Fine. Started Mar. 1957 - Completed Dec. 1957.

Purpose was to inveshga!e the relationship between perscnality as indicated by the
nine scales of the Minnesota Multiphasic Perscnality Irventory and puli>rns of finger cooling
during the cold pressor test. Data are being anulyzed.

9. Genetic factors in subjective cnld.
Haggard, D. F, and B. J. Fine. Started Mar. 1957 - Completed Dec. 1957,

Notz:--Complstinn dates given are approximate estimates of the time when reports will be
ready to submi* for publication. Status of progress is aaown as of ! August 1957,

101




The dificrential responses Lo extreme environments by different racial groups were
studied. Negro tnd white troops were subjected to the same low temperature environments
and were required to rate their subjective iceiings of cold intensily. Data are being analyzed.

10. Subjective aspects of wet-cold.
Fine, L. J, Started Mar. 1957 - Completed Oct. 1957.

Purpose was to study che relationship between subjective feelings of coldness and
dampness and the physiolugical responses such 4s skin temperature, internai teraperature
and heat debt when subjects werc exposed to wet-cold environments. In distinguishing
between the effects of different combinations of wind chill, temperature, and humidity, sub-
jective estimates were as yood as physioiogical measures.

i1. Rclationships between surface skin temperature points at diffevent parts of the body.
Teichner, W. H. Started May 1957 - Completed Sept. 1957.

The besat estimate of the mean weighted akin {.mperature for the overall body surface
is currently derived from the integration of ten separate temperature measurements of
different areas of the body. However, the inconvenience of multi-thermocouple harnesses
and the labor invoived in data reduction make it desirable to attempt to achieve a close
approximation of mean weighted skin temperature with fewer thermocouples. An *‘item
analysis®* of thc tcn contribating points indicates that the temperature of the inner thigh
seems to follow the mean weighted skin temperature quite closely under various conditions

of exposure. :

1¢. investigation of tii. characteristics of aounds critical for the aural detection of the

enemy.
{Ohio State University contract) Started Nov, 1956 « Comp'eted Dec. 1957.

High fidelity tape reco-dings are being made of sounds made by troops in typicul field
combtat maneuvers suck s rarching over dilferenttypes of ground surface, sdvancing thoough
brush, wading ia water, ctc. Jhese recordings will be analyzed buth for the physical properties
of the snaunds and certair. piatterns and combinations of noises that would aid in the detection
of hostile troops who ¢re atiempting to approach in secrecy.

13. Effect on compl:. manunal performance of cooling the Hody while maintaining the hands
at normal teinperatures.
Gaydos, . F. Started Aug. 1957 - Completed Dec. 1957,

Previous experirnentation has shown that hand skin temperature seems to be the
primary factor an elficiency of complex manual performance regardiess of ambient tempera-
ture. The purpose of this stuly 's todetermine whether normal efficiency of manual perform-
ance can be naintaln:. tv keeping the hands warm even though the rest of the body is

subjccted to severe ol creas.

B. Effects of social and p-rsonal factors on soldier.’® attitudes and preferences for clothing,
personal equipment, snd other sunply needs.

1. Acceptability of C-rations under sub-arctic bivouac conditions.
MeGinnis, J. M. Started 1956 - Completed 1958,

The purpose was to determine the acceptability oi C-rations in general and of specific
component items under Sub-Arctic bivouac conditions. A few items were likcd less well at
th: end of the bivouac period than at the beginning, some did not change in acceptability, and
most items, including nearly all of the fruit and ‘‘sweets’’ items, were liked better «t the end
than at the beginning of the bivouac. The overall effect of the bivouac conditions was to
strergthen the desire for focd and to increase the acceptability of the rations, in spite of the
rather monotonous nature of the diet. Data have been collected and analyzed and preparation

of a report initiated.

?. 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 thut high prestige labels would tend to raise the
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‘ratings and qu;litative jﬁdém@nt. while low prestige labcls would have the opposite effoct,

The general hypothesis was not bourne cut but there appears to be a reiationship between
gersanality and anscepntibility to prestige suggestion.

3. QM human engineering handbook series: V. Criteria used by troops in evaluating
UM clothing and equipment.
McGinnis, J. M, Startcd 1954 - Completed Sept. 1957,

The purpose of this handbook is to make available, in tabulrr form for casy reference,
the relative frequency with which various criteria are used by soidiers in evaluating important
familics 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 ecmployed.
The handbook not cnly provides guidance to designers, hut is also expected to be useful in
planning studies invotving soldier evaluation of new and standard (Juartzrmaster items and
in predicting soldier response to them.

4. Subjective avaluation of foot comfort,
McGinnis, J. M. = Completed 1958,

. The purpose was to develop a technique for measuring subjective aspects of foot
comfort. Adjectives and phruses considered to be descriptive of important aspects of foot
confort ware assigned comfost values by approximately 100 men using *“e 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 comparison of results folluwing periods of rest with results following long hikes over
hot desert terrain and by 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. lnvestigation of differences in preference reactions of airborne and regular troops.
{Pasychological Rezearch Associaten conteact) 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
being 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 summer of 1958. )

C. Human factors studies dealing with specific clothing and equipment problemn;

i. Evaluation of factors in glove design alfecting manual performance.
Dusek, E. R, Started Jan. 1957 « Cumpleted 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 resuits indicates that the reduction
of the number of fingers in gloves leads to snme deterioration of performance, but these
effects may not be statistically significint. 1he different glove back designs used in this
study did not materially affect performance.

2. Handbook of manual functioning. 1: The anthrop try and bi hanics of the hand.
Jones, C. &, Started Nov. 1956 - Completed Dec. 1957, L .

This section is being prepared to gather together under one cover the tangible results
of studies dealing with the anthropometric measurements, the astructural form, and mechanical
characteristics of the hurnan hand. It is expected that this reference work will be useful to
designars of manually operated equipment.

3. Handbook of manual functioning. 1I: The physiology of the hand.
Gaydun, H, F. Started June 1957 - Completed June 1958,

This section will present a survey of studies dealing with the physiological responses
of the hand to temperature changes, prolonged muscular effort, restricted circulation, etc.,
and their subsequent effects on manual performance.

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.
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Subjects
bulkiest

practiced making settings on a series of ten dials for 20 trials with the
of four glove ensembles in order to regularize fluctuations in performance due
to iraprovement with practice. Each subject therealter performed five trials on the same
task wea ring each of four standard glove enzembles and with the bare hand. This procedure
was usgsed ior five different knob diameters with each fifth of the subject population receiving
only one of the knob diameters. Data are being analyzed.

5. Hand and finger function in relation to varying conditions of the hand.
{State University of lowa contract) Started Nov. 1955 - Completed Nov. 1957.

Tiac purpese 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, rcduced cir:ulation, trained relaxation, prolonged extension, sustained effort and
kinesthetic acuity of tae hands. Data are being analyzed,

, 6. The meazurcmeuts of the size and force of the foot with reference to fatigue problems.
- 4 {State Universi:y of lowa contract) Started Apr. 1955 - Comgpleted Aug. 1958.

Y . Purpcse is to study the effects of fatigue on the strength of the foot. Anthropometric
i data is heing collected on the foot in weight bearing and non-weight bﬂrlng posuﬂovu. Results
. of th:s study will bc usec to evaluate experimental footgear.

oI, BIBLIOGRAPHY OF PUBLISHED REPORTS

Allen, V, L. Hand dexterity requirements for the Nike missile system. EPRD Res. Study
Rept. PB-9, 1957,

Alien, V, L. and J. M. McGinanis, Subjective evaluation of the Schwarts principle in Army
combat boots. EPRD Kes. Study Rept. PB-8, 1957,

Dusek, E. R. Effects of temperature on manual :lexterny. NRC Suhrommiuee on Env'ron.
mental Protection Symposium on Hand Funrtiznz in the Cuid. In press.

| Dusek, E. R,, W, H, Teichner and J. L. Kobrick. The relationship between arm-hand
: stezdiness and the positios of the extended arm and hand in the median plane. QM R&E Tech.
Rept. In press.

Fine, B. J. and D. F. ngprd. Contextual effects in ncaling. !:PRD Res. Study Rept.
PB-13, 1957,

Fox, K. (State Uuiv. of lowa, Dr. M. Gladys Scutl, Director) The effect of clothing on

certain measures of strength of the upper extremities. QM R&D Comd. Tech. Rept. EP-47,
In press,
»

Gaydos, li. F. Intersensory transfer in the discrimination of form. Amer. J. Paychol.,
1956, 69, 107-110. .

Gaydos, H. ¥, and E. R. Dusek. Effect of localized cooling of the hands versus.total body
conling on performance of a complex manual task. QM R&E Command Tech. Rept..In press.

Gregg, L., W. (Carnegie Inst. of Tuchnology) Changes in the distribution of mu :cular
tension during psychomotor performance. QM R&D Comd. Tech. Rept. EP-30, 1957,

Kobrick, J. L. QM human engineering handbook series: I1, Dimenstons of the upper limit
of gloved hand size. QM R&D Comd. Tech. Rept. EP-41, December 19%6,

Kobrick, J. L. QM humon cnpineering handbook series: III. Dimensions of the lower limit
of gloved hand size. QM R&D Comd. Tech. Rept. EP-43, 1957.

Kobrick, J. L. QM human engineering handbook series: IV. Dimensions of the lower limit
of body size of the Arctic soldier. QM R&D Comd. Tech. Rept. EP-51, In press.

Kobrick, J. L. An apparatus for measuring reaction time duriag induced muscular
tension. QM R&D Comd. Tech. Rept. EP-50, In press.

104




-

e gl

propel.ant hundlers. EPRD Res Study Rept. PB iz, 1951.

e B
© : . 5

<

McGinnis, J. M. E(fechveneu of cold weather f;ce masks. QM R&D Comd. Tech. Rept.
EP-60, In press. - i - . .

McKee, M. E. (Stute Univ. of lowa, Dr. M. Gladys Scott. Director) The effect of clothing
on the speed of movement inthe upper extremity. QM R&D Comd. Tech. Rept. E:P-48, in press.

Mills. A. W. Finger aumbness and skin temperature. J. appl. Physiol., 1956, 9, 447-450.

Mills, A. W, Tactile sensitivity in the cold. NRC Subcomm.ittec on Environmental Pro-
tection Symposium on Hand Functions in the Cold. In press.

Mills, A. W. Acoustic properties of the combat vehncle crewman's heimel. EFRD R:zz.
Study. PB-7, 1556. ¢ . .

Nicolnft, C. (State Uuiv. of lowa, Dr. M. Jlady. Scott, Director) Effects of clothing on
range of motion in the arm and shoulder girdie. QM R&D Comd. Tech. Rept. EP-49, In press.

Teichner, W. H., J. L. Kobrick and E. R. Dusek. Effects of Target separation and distance
on commonplace binocular depth diserimination. J. Opt. Soc. Amer., 1956, 46, 122.125.

Teichner, W, H. and J. L. Kobrick. Effects of viewing distance with the Howard-Dolman
apparatus. I. Opt. Soc. Amer., 1056, 45, 837.840,

Teichner, W, H. Reaction time in the cold, g.wanl.. Psychol. Accepted for publication.
Teichner, W. H, Manual dexterity in the cold. J. appl. Physiol. Accepted for publicntion;

Teichner, W. H. Effects of foreperiod, induced muscular tensicn and stimulus regularity
on simple reaction timc. 1. exp. Psvchol,, 1957, 83, 277-284.

teichner, W. iI. Cutsneous discrimination of radiant heat. J. exp. psychol., 1957, 53,
In press.

Wolf, W. S. Operational analysis of the rough-terrain fork lm truck. QM R&D Comd.
Tech. Rept. EP-4C, January 1957,

Wolf, W. S,, V. L. Allen and T, H. Burkhnner. Operational analysis of protective clothing
for guided missile propellant handlers (cold weather phase). EPRD Res. Study Rept PB- lo,
1957. ]

Wolf, W. 8., V. L. Alle. and T. H. Burkhalter, Operations. unllyau of guided missile

«

108




U. S. ARMY SIGHNAL CORPS ENGINEERING LABORATORIES

Fort Monmouth, New Jersey

1. Vitae

Ii. Current Projects

.~
e

. Biblicgraphy of Published Reports

=

¢



; Systems  WADC Technical Report 56-488. AD 73305.

on

L VITAE . T .

. Griffith, Paul E.. Electronic Enpineer S ) \ . ¢ k \4

BA Carleton College, 1929. Area of Spec:alh.ahon' Communications. e L : L A

Huebner, Daniel L., Engineering Psychologist
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. CURAENT PROTECTS

Ccntract No. Contractor Dueation
‘DA-36~039 8c-52648 New York Univ:rsity, 1 July 57 - 30 June 58 »

College of Ergincering

Task assignment type contract for performance of human engineering and psychological
studies concerning the design cf systems being developed for antiaircraft defense. Task ’
assignments classified.

DA-39-039 sc-73253 : Dunlap & fssoclates, Tnc 1 Aug 57 - 31 July 58

Task assignnient type contract for performance of human engineering studies of equip-
ment and 3ystems. No tasks yel assigned.
DRAFT-«Fur Review & Comment Only
{F.eference Signal Corps presentation, page 41)
HUMAN FACTORS ENGINEERING FOR 3IG{AL CORPS EQUIPMENT
i. SCOPE . ) S .

1.1 This Specification covers human factors engineering for Signal Corps equipment, It out-
lincs sonte techniques and procedures of human facturs engineering for use in the design and
development of signal equipment and systema. The objective of this Specification is to facilitate
the military miseinn of Sigral Corps systems through maximum utilization of the potentialities

" of the human component of man-machine systems. Consideration is given to operator inauts,

environmental conditions, task conditione and operator outputs in terms of overall man-machine
system. requirements. This includes optimum man versus machine function allocatioan,
minimization of error-producing operator inputs, reduction of corditions producmg fatigue
and bcredom and simplification of operational regnirements.

2. APPLICABL E DOCUMENTS

2.1 Tue follow ing pubhcations are furnished for information 1nd guidance purpolu only-

1. Procedures for including Human Engineering Factors in the Development of We.sponl

2. Human Engineering Guide for :.x}uipment Designer s, WOodlon. W. E., Uziversity of
Calif. Press, Berkeley, 1957 {Copies of publicativus stquired by contractors in connection
with specific procurement funcrions may be obtained from or as directed by the contracting
officer. Both title and identifying number or symbol should be stipulated when requesting

- copies ) ) . - o

R . .
{ R «

3. KEQUIREMENTS - ' e

3.1 Definition. Human factors engineering {s hevein dcfined atr the application of human
€actors principles, techniques and data to the planning and development of military systems,
equipment and components. lts objective is to improve and maximize tte field operability
of man-machine systems, particularly with respecttc humanfactors problrrms involving speed
and accuracy of operation, anerational reliahility, safety, minimization of operator traininy
and skill requirements, and operauon under conditions of stress. Opcration is here meant to .
include all human functions that involve maa-machine interaction, at all levels of man-machine : -
system operation, whether involving control, monitoring. installation or maiatenance,

3.2 Apolicaiicn of lHuman Factors Engineering. Nlustrative design problems in which human

factors engineering 13 applicable include she fnnnwmg
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. Operator workload

« Installation

+» Work space layout

. Working eavironment

LtV

o I3

5. Control units and aystems
6. Displays

7. Safety of oparation

8. Communication in nets

3.3 Human Factors Engineering in Relation to Develupment Phases. Table [ lists some huran

engineering considerations aud indicates the stage of development at which these considerations

are appropriately applied.

Development Phuses

1, Preparation cf military
requirements and
characteristics

2, Design study

3. Experimentai Phase

4, Design Plase

5. Evaluation uf development
model; fabrication and
testing of protoiype

TABLE L

H Engineering Considerati

A. Lialson

B. The Amlyiil‘ ant Allocaticn of Man-machine
Functioms

Participation fn functional analysis

Operator decision analysis

Allocation of man functior s--duties, skills,
level of education and t.aining.

Humnan capabilities and limitations
Seneavy and motor fanctions
Stress--fatigue
Morale--motivation
Communications

Coding, visual, aural, etc.

C. The Plaming of Operativnal Tasks

Cperationai Plaoning

Link-value laycut analysis

Pencil and paper mock-ups

Corsideration of operator training and skille

Operational breadboards

Operator safety requirements

Enviroumental design--temperature, humid-
{ity, noise vibration, shock, dust, illumina-
tion, etc.

D. “he Design of Display and Controi Functions

Design of Displays and controls
“‘Knobs and dlals*’
Standardization

Check Lists

Design of operator position
Operating instruction

Operator classification

€. Equipmenat Evaluation
Feedback to design phases
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The ahove table is not intended as a complete presentation of the development phases, hut anly
a¢ an approximation of the relitionship of main phases of humar factars engineering to the
levelopment cycle. The table is intended to indicate the possibilities for integration uf human
factors engineering into the development cycle.

3.3.1 The scope of the hurnan enpgineering effirt shall be approoriate to the magnitude of
the human factore problems involved in the su' ject equipraent dewiyn. This shall be later-
preted and decided by (he USASEL engineern cognizaat of the equipment specification, with the
corroboration of the USASEL human engineering cocrdinator. Omission of the human factors
engineering requirements of this specification shall be contingent upon demoastration of the
omission of the human operator as a link in the subj=ct system, both within tne system and
as an output link. Most design and development applications will require some phase of the
above human engineering activities B, C,and D, that is, the analysis and allocation of functinns,
the planning of operational tasks, and the design of display and control fun~tions. Some appii-
cations will require ail five phases. Asaminimum, prompt consideration shall be given to the
extent of applicability, if any, of the five phases to lasure appropriately early integration of
buman engineering principles into design planning.

3.4 Techniques. Certain human engineerins considerations require special attention during
early design phasew. The employment of the following techniques, when applicable. will help
insure the incorporatiun of design factors fnvoivaug human performance at stages early
enough to obviate to necessity for uneconomic later chunges in design.

" 3.4.] Man-machine Systern Analysis. This includes analysis of the relativnship of the human

opeéraior to the equipment under consideration. The interaction® of this relationship define a
man-machine system. Operator inputs and outputs are specified ir terms of time and accuracy
require-aents in relatiorn to both equirment and system-time and accuracy requirements.
This serves to permit allocation of systern functions, such that functions most efficiently
performed by machine will not be assignedto human beings, and that functicns 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 systemas an operational whole in terms
of its performance under field condi.ions.

3.4.2 Operation Decision Analyeis. This involves the techniques of stipulating the decisions to
be made bty each operator in a system. in major systerms, mathematical models such as
provided Ly Operations Research techniues may be requi-ed. In any case, decision analysis
is necessary to equalize requirements for decisions froi1 the various operators, to avoid
possiblr overtoading. Decision analysis is also necessary to provide data as to informational
inputs required to each operator to enable him to make optimal decisions in a minimumr of
tizae. This technique can produce most gain in effectiveness and simplicity of operation when
integrated with equipment design planning at early desigr. stages. . ,

3.4.3 Information Analysis. This is the technique in which the operator is considered as an
information-handliny link in a man.«machine sstem. A9 a channel having limited informational
handling capacities, the operator has certain maximmum and minimum input requirements and
output capabilities, This approach calls for careful stipulation of sensory inputs and their
pgerceptual organization with respect to outpu: respouse reysirements of tuc marn-machine
system. Sensitivities, rate-handling capabilitics, environmental interactions and resultant
errcr variances of the man ard machine portious of the syster 2re eatimated from mock-ups
and breadboards, and are adjusted to provide for optimum utilization of the potentialities of
both man and machine, Control anddisplay errorvariances shall be estimated at early ntages,
in order that operational accuracies not be beyond capabilities of the operator to utilize them.
That is, machine and operator error variances shall be proportional.

3.4.4 Link-value Layout Analysis. Thin isatechnique applicable to man-machine and man-man
links. Tt may be 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 tota! link lengths and interferences are miniinized by proper
positioning of men, machines and components according to the ranking criteria.

3.4.5 The Use of Mock-Ups. The use of mnck-ups in humnan factors englneering in analogous
to the use 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 cperation, 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 upom OP-rat'on. Great variation in operator

performance can be expected under varying conditions of stress. Although almost every
opezationil situation will have soiane degree of stress associated with it, in pastizviae ‘nstances
it may be found chat the stress conditions likely to be encountered can significantly affect
human performance. To achicve the design of :nan-machine systam capable of adeqnate per-
formance under such conditions, it is essential that considecation oe given to possible sourcss
of etrees and their effects at an early design phase.

3.4.7 The furegoing techniques are not to be cousidered as all-inclusive. Other techniques
such as time and motion study are importantly associated with these coasiderations. Not all
of the six items may be applicable to & given design.

R Humnan Factory Enpinesring Procedu=-es. Cperational parameters shall be expressed

wherever possible, in terms of explicit quantified valvesof accuracy, speed, training require-
ments, portability, time duration of oreration, stc., depending upon ihe specified mission of
the system. These reguirements shall be so applied as to make fullest possible use of human
capabilities in i.teraction with machine characteristics, openting in & particular systemn
environment.,

3.5.1 ‘Man as a Date Processing System. It ia reqnlred. when conlldfring operaiisnal wurk
loads, to ccnsider the operator as an information processing unit hzving 4 finite, specifiable
capacity. He serves to provide decisicn or manual comtrol functions in combination. He is
subject to input and ocutput handling rate limitations.: is subject to eurivonmenta’ conditions.
He is also capable of handling large processing loads if optimally employed. It s:21l be
demonstrated that the operator i{s optirnally employed to the extent that freedom of design
permits in the systein under development. Total work locads shall not be excessive nor far
under capabilities of the operator. Allowance may be made for reasonable short time over-
loads and underloads, but overload ard idle times shll bo reulistic values,

3.5.2 Qperational Environment. Conditions of the opemional environment shall be specified
to a degree sufficient to insure reasonable expecration of field operation in accordance with
military requirements. All design shall be coneidcred in light of actual field operational con-
ditions, as operated by personnel of appronriate level of training, considering wherever
applicable, the effects of stress and environmanta! conditions. For example, if readout
accuracy of an indicator is being evaluated, readout time shall be based upon the assumption
that the operator has no prior knowledge of the appropriate reading, unless he would be pro-
vided this knowledge in the particular operational situation. Likewise, if operability of units
is beiag compared, overtraining of operators shall be prerequisite. If ease of learning of a
unit is being evaluated, appropriately chosen untrained operators shall be employ d.

3.6 Reports.

3.6.1 Iuformation concerning the human factors effort shall be incorporated in reports other-
wise vequired by the equipment specification. Except fur the Design Plan, specified below, no
additional report. with respect to human factors englneerlnq will be required.

3.6.2 Repcrts shall include, wherever applicable. qnciﬂcatlon of operational time and
accuracy capabilities of designs. R

3.6.3 Reports shall, wherevir pcsaible, include data lhowing estimated timew for equipment
instailation, for operation, and for nrganizational maintenance.

3.7 Human Factors Design Plan. A design plan stall be submitted during the design planning
stege demonstrating Inclusion of the focllowing, when app!icable, into an lntegrated plan for
a puan-machine system.

3.7.1 A Pescription of Operational Function. The delip plm ohan lncl.\u!e a statement of
operational function describing, in tefms of operational req factors con-
siderations of the projected system or equipment in its operational mvironment. aud in re-
lation to operationally associated systemns or equipment.

3.7.2 Stipulation of Input and Output Requirements.

1. The design plan shall include a stipulation of inpu‘s and outputs of the man-machine
system, indicating actionuy and information required atbothsources and sinks in terms of task

requirements of paragraph 3.7.2.3 below.
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Z The dzsign plan shall include a ltlpulauon of both opeulur luputs and uperator out-

- puts, indicating activns and information rcquired at both sources and sinks in terms of task

requirements of paragraph 3.7.2.3 below. *
2, Task requirements include the following:

Rate and duty.cycle for information and acticns

Accuracy of performance, both instrumental and operator, expressed in percewv! and
absolute terma.

bpeed of operation

Decision making

Computation

Tracking

Near-threshold detection

Operation under stress

Interference prcblems

Operation under temporary overioad

3.7.3 Operational Envircnment. The operational environment of the projected system shall
be stipulated, indicating integration of the folluwving considerations intn an sffective man.
machine avstem.

Numbher of oparators

Cther duties of cperators

Workspace conditions, field or sheltered
Climatic conditions, natural or man-made
Maintenince accessibility ccnsiderations

3.7.4 Insteumentation. Instrumentation design considerations, such as the following, shall be
demonstrated to be in accoed with requirements indicated in paragraphs 3.7.1, 3.7.2, and 3.7.3
above. .

" Dinplays
Control B ) .
Lighting :
Sunng )
Temperature . ‘
w ork-npace Lay out

) 3, 7.5 Delign Plan crheria. Critex ia for applicauon of abov- Aesign plan considerations -hall

Le the apfimum use of operator capabilities and the simplification of operational tasks, with
the objective of maximizing man-machine system effectivencss with respect to both mlmary
requirenents and net cost of equipment and manpower. :

' M. BIBLIOGRAPHY OF PURLISHED REPORTS

Contract DA-36-039 sc-6/647 with Dunlap and Associates, !m‘-. produced the !ollawlng re-
ports since the last conference: ) ) )

o

Task .08--May 1957, Detection of Alrcraft by Rad-.r: Subjected to Radio lntufeuncc.

Task .09--April 1957. Human Eagineering Study of Ope:zating Times for Collection and
Reduction of Meterclogical Data.

Task .10--June 1957. Human Engineering Review of tks Landing Assist Radar AN/FPN-32,
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Goldberg, Marvin N., Biological Sciences Assistant, SP3, United States Army
Ma, University California, los Argeles, 1953. Area of cpecialization: Physiology.

Roberts, Albert P, Social Sciences Assistaat, PFC, United States Army

BA, Querne Collame 1082 dunn of anecialization: Duncriments! Papchalngy
.. . ’ .

Blanton. JTarees F,, Snacial Sciences Accistant, PFC, Unita ! States Army
BA, University of Maryland, 1655, A/ ea of specialization: Psychology,

Shelly, Leon B, Mathematics and Statisvics Assistant, PFC, United States Army
BS, Central Michigan College, 1956, Area of specialization; Mathematics and Industria)

Arts, .
fl. CURKENT PROJECTS
Estimared
. Date Completion
A, Directorate of Medical Research Started Date
1. The effects of GB in Sublethal Concentrations on Human Behavior Oct 56 Mar S8

The objective is to ascertain the anticipated reactions and behavior of personnel whu
might 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 invoives 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 58
Protective Masks : . ) A
‘The Chemical Corps field protective mask of current standard issue is designated as

the M9AI1, This rask has, on one side of the facepiece, a canister for the purpose of filtering

particles of toxic material {rom the atmosphere before that atmosphere reaches the oral-
nesal tract of the wearer, {aring the past two years the U, S, Army Chermrical Warfare

Laboratories (CWL) at the Army Chemical Center has developed a new mask now known as

the E13, In this mark the side canister has been replaced by two charcoal filters, cne on

either side of the facepliece,

The M9Al mask offers 3 rather high resistance to breathing upon inbalation, thus re-

. -sulting in user fatigue beyond the extent which would normally resuilt from 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 intelltgible communica-
tion caused by the design of the M9AIL, a voicemitter has been included in the facepiece of
the E13. Other innovations incorporated in the El3 {nclude 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 leakage, durability, usability in cold environments, ete,,
we became concerned with finding out how our troops would feel about this mask, We decided
to obtain this information at the same time thut fie!d 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 (M9A] 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 mnne 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 of weapons, donning mask on signal during a simulated chemical warfare attack, etc.
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Wherever possible, haif of the subjects wore one muak and half wore the other during the tests.
Half way through the tests each subject changed the mask he was wearing, Wherever applicable,
the proficlency of task performance, in terms of proper and rapid complction, accuracy,
etc., was objectively evaluated by military observers.

3. There are other classified human engineering tasks being conducted by the Chemical
Curps which cannot be listed,

o1, BIBLIOGRAPHY OF PUBLISHED REPORT

} April 1957. Some Human Engineering Aspects of the Portable Flame Thrower Gun, Earl
Davy,
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