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1. This Report is the record of subject Conference held at Fort
Belvoir, Virginia, 3-6 October 1960, and is published and hereby transmitted
for the information and retention of the personnel and agencies indicated
on the distribution list. The Conference was attended by the persons listed
in Appendix I of this Report, and is annually sponsored by the Aru~r Research
Office of the Office of the Chief of Research and Developnent, Deparbz~ nt
of the Arny.

2. This tranBnUttal, and the continued annual sponsorship of these
Conferences by the Office of the Chief of Research and Develo~anent, reaf-
firms the demonstrated value of the Conference and its printed Re~por~ in
facilitating exchange of information among developing and using agencies
aM. personnel concerned with the man-machine eceipatibility of U. S. Ars~r
materiel. The Appendices to this Report again constitute an authoritative
and current canpendiue of the husan factors engineering work programs of
the U. S. Arn~ Technical Services. As indicated in n~r transmittal of last
year ’s Conference Report, these Conferences have played a vital role in
bringing into full mutual awareness and coorth.nation the dive~ae separate
elements of the Ar,r,y ‘s hisnan factors engineering activities.

3. This Sixth Annual Conference therefore, in response to General
Trndeau’s guidance of the previous year, has enlarged its scope to in-
clude other elements of the Ai~i~”s Ruman Factors R&D program as well as
related activities of civilian industry. It is anticipated that future

• Conferences will continue to consider and clarify this broader scope.

~e. The Arn~r ’a Risnan Factors Engineering Cceinittee has again done a
cc~~~ndab1e job in plannlng and conducting a thorou~ i1y effective Confer-
ence • The Ccanittee deserves every encouragement and support for their
continued concern to assure that Arn~ weapons and equipnerxts are compat-
ible with the skills and human limitations of the soldiers ‘who must oper-
ate and maintain them in and for battle.
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Director of Army Research
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ARMY , INDUST RY, AND T HE SOLDIER

Report of the
SIXTH ANNUAL U. S. ARMY HUMAN FACTORS ENGINEERING CONFERE NCE

3-6 Oc tober 1960
Fort Belvoir , Virginia

CHAPTER 1. INTRODUCTION
A. BACKGROUND has been augmented during 1960 by regular

participant observers (without vote) ,  of The
References:  Adjutant General’s Office; the Human Rc-
a. Conference Report , “Army H u m a n  sources R e  s e a r c h Office (HumRRO) .  of

Engineering Conference ,” The Pentagon , 14- George Washington Univers i ty ;  and the Army
15 December 1955. Participation Group at the U .S. Navy Training

b. Report , “Second Annual Army Engi- Device Center (USNTRC) .  
~~~~~~ ~

.

neering Psychology Conference ,” Army Med- 
S of ~~~~~’ - ’ ~~~~~c&~~~~ical Research Laboratory, Fort Knox , Ken-

tucky , 7-9 November 1956. ~~~~~~~ provide direct  exchange ~i Tnfor-
mation on human factors eng ineering amongc. Report , “Third Annual Army Human

Factors Engineering Conference,” ~.~�uarter- personnel of U . S. Army development agen-
cies , and between these and representativesmaster  Research  and Engineering Command, of user  agencies and other qualified m di-Natick , Massachusetts , 2 -4  October 1957 . vidualsd. Army Regulation 70-8 , “Research  and .11~c0 provide recommendations and sug-Development , Human Factors Research ,”

1 July 1958. gest ions to be followed up by tht ’ U. S. Army
Human Factors Engineering ~~~~~~~~~~~ toe. Report , ~‘Fou r th Annual Army Human assure exploitation of all opportunities forFactors Engineering Conference,” U . S. -

Army Chemical Center , Mary land , 9- i l S e p -  improving man-machine compatibility in the
Army materiel .tember 1958 . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1. Report , “Fi f th  Annual Army Human will serve as a usefu l and complete sing leFactors Engineering Conference ,” Redstone
Arsenal , Alabama , 22-24 Septembe r 1959. compendium of cu r ren t  work programs and

related information concerning all iS . S. Army
human factors engineering r e s e a r c h andSponsorship and Planning of the Confe-~~ development activitiesence

The Annual U. S. Army Human Factors The Sixth Annual ~~~nference was called
Engineering Conference is sponsored by the to order in Humphreys Hall , Ft. Belvoir ,
Chief of Research  and Development , Depart- Virg inia , at 0930 hours on Tuesday , 4October
merit of the Army. Five such Annual Con- 1960 , by the General Conference Chairman,
fer ences  have previously been held and are Dr . Lynn E. Bake r , U. S. Army Chief
reported in references a , b , c , e , and f . Psychologist . Registration of the conferees

In accordance with referenced , planning had previously been accomplished f rom 1500-
for the Conference, as well as follow-up of 2300 hours on 3 October 1960 at the Char ter-
its suggestions and recommendations, is ac- house Motel , at which most of the conferees
complished by a U. S. Army Human Factors were quartered .
Engineering Committee. The Committee is
composed of representatives of the Chief of The invocation was pronouncea by 1st
Research and Development (Chairman),  the Lieutenant B. R. Nix , Chaplain, Ft. Belvoir ,
U . S. Continental Army Command, and each following which the General Chairman intro-
of the U. S. Army Technical Services. In duced Major General Stephen R. Hanrner ,
addition to the above representation directed Deputy Chief of Engineers for Military Opera-
by U. S. Army Regulation , the Committee tions.

B. WELCOME TO THE CONFERENCE , address by Major General Stephen R. Hanmer , Dep-
uty Chief of Engineers for Military Operations , U.S. Department of the Army 

—

Good morning, Dr. Bake r , Mr . Morse , tunity to add my welcome to his at this
General Trudeau , ladies and gentlemen. opening of the Sixth Annual Human Factors

Engineering Conference . A glance at you r
It is a distinct pleasure for me to extend program indicates the interesting, stimu-

to you greetings from General Itschner , the lating and informative sessions which are
Chief of Engineers , and to take this oppor- ahead of you.

3
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We in the Corps of Engineers are keenly lems if one pauses periodically to reflect on
aware that machines do not fi ght alone , we the fact that we Homo sapiens of today have
know that our machines do not plant mines , changed little from our ancient ancestors.
or move earth , or build bridges , a~~ne - - The man who swung the stone axe and the
behind them designing, producing and using man who used the D-handled shovel were
them are men, much the same , arid they are also much the

same as the man who operates the mammoth
We have been impressed with the role drag lines of today. The rapid progress of

tha t man, especially in the person of the modern technology has succeeded in relieving
Eng ineer soldier , has played in the many man of much of the burden of heavy physical
successes which we have enjoyed throughout work , and we are well advanced in matters
the long and proud his tory  of our Corps . We of remote control and the automation of corn-
are alert , as I will point out , to his crucial plex operations . Yet as we f ree  rnanof some
importance in potential engineer operations duties , we tend to tax him with others . A
of the future.  Therefore , we are quick to prime example illustrating this point is the
assert  that we must be and are vitally speed or rate with which most operations
interested in each facet of the multiplicity of are carried out today as compared with, let
human factors which are a part of and influ- us say, 50 years ago; considerthe differences
ence our heterogeneous operat ions. in speed , then and now , of autos , aircraft ,

As an example , I note that part of our earth-moving operations , or mine planting.
Corps ’ responsibility is the training of engi- We are asking men to react faster , to handle
fleer troops , and c on  s e q u e n t  ly ,  we are more information in less time , and to make
seriously concerned with all of the intricate more decisions more rapidly than ever
human factors at work in the training situa- before , and in general the consequences of
tion. Our Engineer School here at Fort these decisions are becoming increasingly
Belvoir instructs  officers and enlisted men significant. Yet as we have noted , the human
in specialized engineer subjects and in the component remains essentially unchanged and
operation and maintenance of technical equi p- thus is emphasized for us the necessity of
ment. As you will see tomorrow afternoon matching our complex and variable machinery
during the demonstrations which have been to the relatively constant capacities of the
planned for you , one field which has been human and this , of course , is you r field of
given much attention is the development of special interest.
effective methods of training. Any assis t-  One problem area which forcibly projects
ance you may offe r in this area of our work itseLf upon us and one which I would like to
is most welcome, refe r to you as a challenge centers around

Within the Corps of Engineers we are the variety of environments in which man, in
also sensitive to the importance of human his technological advance , seeks to survive.
factors in equipment design . At previous One of these is the environment which
conferences you have heard us speak of our could be created by Chemical, Biological and
concern with these human factors problems Radiological warfare .  As an example , oh-
in connection with equipment maintenance stacles normaily encountered in wartime can
and the problem of adequately including be contaminated to make access hazardous
human factors requirements in specifica- and time consuming, thereby enhancing the
tions. You have heard of our efforts in value of the obstacle. In addition , the individ-
relation to specific items of equipment such ual may become so encumbered with protec-
as the hand-held mine detector and the tive devices that simple survival consumes
infrared helmet-mounted binoculars. You most of his energy. Thus contamination in
will hear more of our interest  in and con CBR warfare reduces efficiency and requires
cern with human capabilities in relation to unusual efforts to overcome its effects.
equipment desi gn during this conference. Thus, the Engineer Research and Devel-

I am pleased to observe that the theme opment Laboratories have developed a lead
of your conference this year  is “Army,  shielded cab for a bulldozer which will per-
Industry and the Soldier ”. It is gratif y ing mit a man to operate the dozer in an area
to see that word “ industry” in the theme contaminated by radioactivity. But I submit
and to know that representatives of private to you that this operator ’s problems are not
industry are present at this conference. I the same as those of a dozer operator on a
understand that this is the f i rs t  of your peacetime road construction job.
conferences in which industry and our many During this past summer we have been
consulting f i rms  have so fully participated. c on  st  r u C t i n  g a 100-man semipermanent
This point is especially important to us in camp, complete with nuclear power plant ,
the Corps of Engineers because we count under the snow of the Greenland icecap.
heavily on using commercial equipment as This camp, called Camp Century, will be
much as possible and with minimum modi- occupied this winter by personnel of the
fication. Army Polar Research and Development Cen-

It is enlightening and I believe allows ter . This will mark the f i rs t  occasion that
great Insight into many of our human prob- man has spent a winter on the icecap of

4 

“~~ - •



—‘ ~~~~~~~~~~ 
- 

~~~~~~~ “ ‘~~~ ‘~~~~ ~~~~~~~~~~~~~~~~~~~~ 

Greenland or arctic or antarctic with a and Development Laboratories here at Fort
nuclear reactor as the prime source of Belvoir have studied the construction re-
power. It has taken years to develop our quirements for a luna r base . It has been
capability to work in the Arctic , and we will concluded that the technical capability to
learn much more , I am sure, about the move man and his materials to the lunar
problems of living and working there during surface will be achieved within the lifetime
the winter months. It is against earthbound of most at us here today - - indeed , by the
problems such as these that we are now end of this decade or shortly thereafter. But ,
struggling, bases on the moon cannot be built and

The polar regions have the most hostile utilized until the means of sustaining men on
environment on earth, but they are wa rm and that satellite are worked out in detail. You
friendly compared to the environment on the human factors people have a heavy respon-
moon. For instance , in the earth’s polar sibility in these and other problems of the
regions the temperature varies annually from future . Are you ready to specify what is
abou t plus 50° F. to minus 100° F; on the needed , and only that which is essential to
moon it varies from plus 2650 F. down to sustain him ? Are you prepared to assist
minus 270° F., depending upon whether the the physicists and engineers in the design
area is in sunlight or shadow. In addition , and production of systems of equipment for
man must contend with a nearly absolute such operations ?
vacuum, with solar and cosmic radiation, These are some of the problems which
and with me t e o r i t  e bombardment. Oil- confront us now and the kinds of problems
ferent from that of the earth but of potential which we will face in the future.  I wish you
a d v a n t a g e  to man is the lunar gravity a most successful conference, and I know
which is only one-sixth that on earth. Today that it will profit us all in our search for the
it i~ accepted as a fact that man will some - best possible solutions to man-machine corn -
day leave this planet and travel to other patibility and keeping man master of himself
bodies in our solar system and perhaps and his weapons. The stress in this confer-
beyond. If this tremendous vista of the ence on a close relationship between the
fu ture is to be explored and exploited , man Army and Industry , in the Human Factors
must be able to survive there, Because the Engineering field , will redound ultimately to
moon Is obviously the next way station in our the great benefit of the individual soldier --
exploration of space , the Engineer Research and he is still the key to success in battle.

C. ARMY, INDUSTRY , AND THE SOLDIER , keynote address by Mr. Richard S. Morse ,
Director of Research and Development , U. S. Depar tment of the Army

Mr. Chairman, General Trudeau, General Engineer Research and Development Labora-
Hanmer , ladies and gentlemen: torie s, to select as the theme and slogan of

this Conference
It is a pleasure for me to be here at this

SIXTH ANNUAL ARMY HUMAN FACTORS “ARMY , INDUSTRY , AND THE SOLDIER. ”
ENGINEERING CONFERENCE . I am grati-
fied to note that fully a third of you here are With that theme In mind, I propose
from industrial and university research and briefly to remind you of the nature of the
development facilities, and also to note that situation which faces us andthen review some
the Human Resources Research Office of the trends of research and development
(HumRRO), The Adjutant General’s Personnel in the U. S. and the rest of the world today
Research Branch (PRB) , and the Army Par- which I think wi l l  be of importance to your
tic ipat ion Group at the Naval Training Device future work.
Center (NTDC) are also fully represented in Those of you who are already success-
this conference and on its program. As fully engaged in exploiting all opportunities
General Trudeau indicated last year, it is for improving man-machine compatibility in
appropriate and necessary that all aspects the design of Army materiel perhaps already
of the Army’s human factors R&D effort understand the threat that we face and the
combine with the Technical Services and the way in which the Army looks at this threat
Nation’s university and Industrial talents in in terms of its mission. You alsounderstand
coord inated team-work for rnan-machine increasingly, I am sure, that the design of
compatibility, our equipment, the training of our troops - -

The objective of this team-work, in a nut- officers and men - - , and their selection and
shell, is promptly to bring the best research assignment to military duties are all inter-
to rapid development and operational use for related aspects of the problem of Army
the maximum, effectiveness of the soldier. human factors research and development.

To emphasize this necessary team-work We can succeed with our research and
I consider that it was highly appropriate for development in this area only if we are aware
your planning committee and you r hosts , the of these inter-relationships even when, for

S

-J



~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

convenience , we t reat  selection , training, Russia  has become one of the leading nations
and human factors engineering separately ,  of the world in the geophysical sciences.

In the Army,  we feel a sense of urgency Russ ia  is also among the leaders in e lec-  ‘ 1about these matters. We feel this sense of tronics , and is displaying a vi gorous interest
urgency because of the threat we face, in electronic appli cations to neurophysiology .

Our sense of urgency springs from the One of the o u t s  t a n  d i n  g s t rengths  of
realization that we live and work  today in a Russian science today is thei r abi l i ty to
period of vital importance. We are not obtain , translate , and use sc ien t i f i c  informa -
Lighting today for tailfins and a color tele- tion f rom all over the world . Visi tors  to the
vision set , we are f ighting for survival. Soviet Union have been amazed at the corn-

Forty yea r s  ago science and its app lica- p leteness  of the i r  scientific l ibrar ies , and
tion moved at what seems a leisurely pace at their  ability to process and abstract
by today ’s standards . Communism then was scientif ic information, It is not at all im-
a second-rate cafeteria philosophy - - and it possible that the complete translations of at
wore a beard , least the unclassif ied portions of this Con-

Today, communism has seized a third of fe rence  will be available in translation to
the earth , and outermost space is soon with-  interested technical  personnel  in the Soviet
in its reach . Union fully as soon as the printed Confer-

It took man almost th ree-quar te rs  of a ence Report is available to you who are
century to go from sail to steam in naval present here .  This capability, together with
warships .  By contrast , since 1944 atomic the ability of the Soviet government  to d i rec t
energy has been harnessed  to drive surface the effor ts  of their  s c i e n  t i s  t s , insures
and unde rsea vessels , f ission and fusion strength as well as speed in their scientific
weapons have been developed , and sophist i -  development.
cated guided missiles are now operational in
all of our Armed Forces. The reality of the threat , the speed of

We l ive in an era in which change is more change in the world , and the strength and - -

rapid and meaningful than in any period in rap idity of t~ie Soviet technical advance --
history. We see in our lifetime the dramatic these are the facts which give us in Army
fading of the boundaries of empires on our research and development our sense of
globe , while at the same time outer space it- Urgency.
self becomes touched with a national in teres t . But in psychology and the social sciences

In former  t imes the soldier ’s peace- we in the f ree  world are bound by our
time assignment was said to be merely to traditions and beliefs to consider man as
‘keep alive the military art ”. Today in our most preciou s resource.  This leads us

Europe and the Far East Army divisions are to aspire to apply our most rigorous sciert-
dep loyed . Throughout 44 countries U . S. tific logic and techniques in psychology and
Army personnel are engaged in the training the social sciences as well as to the physics
of~some 200 allied ground divisions. Another and chemistry of the world around us.  To
large segment of our current  strength is the degree that the Soviets are constraine d
contributing to the air defenses of our own by a state-imposed mystique they may be
country. deprived of this power . In the field of

These forces are not merely “keeping economics , for instance , only within the
alive the mil i tary art, ” The free World is past few months [Time 26 September 1960]
the prime target of an all -out offensive, a foremost  Russian economist, Stanislav
The Communists persistently engage us on Gustavovich Strumilin , gives evidence that
every front and by every means which they Soviet estimates of their industrial growth
calculate would bring them success;  and have been con sistent ly over-s tated because
thei r  threat of d i rec t  military action is ever of a technical er ror  which has long been
constant. The military threat is real , and the suspected  by economists of the Free World .
world is changing more rapidly than ever More specifically in the human factorsbefore in history . areas of interest to this Conference , the

In such a world of real threat and rapid Free World may continue to have a capability
change we must realize that the greater of stronger and more rapid development of
danger to the Free World lies in the rapidly a science and technology for: ( 1) measure-
growing capabilities of the Soviets in science ment of human individual di  f t c  r en  c e s;
and technology. The rate of increase of (2) management of man’s ability for se l f -
Soviet production of scientists and technolo- modification through learning, training, and
gu t s  exceeds the rate of increase in the education; (3) objective prediction of human
U. S., and as of this moment they have more purposive performance; and (4) matching of
already than we have if you count their human and machine capabilities for maximum
engineers and agricultural scientists . They effectiveness and productivity.
are making rapid strides in the physical and
life sciences; they have long had excellent Application of such a technology in the
capabilities in physics and mathematics; and development of Army rnaterielwill influence ,
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aitd be influenced by, the following general  the soldier to move , shoot , and communi-
te ndt~ i ies increas ingly  observable in mod- cate more effect ively in any type of w a r f a r e
em mil i tary equipments: against any potential enemy.

It is clear to me that we possess in the( I )  Increasing replacement of man as a Free World all of the capaci t ies  required topower sou rce achieve this in the face of the continuing
(2) Increas ing complexity of machines threat  and a continuously acce le ra t ing  rate of

with f requent  resor t  to automation of many change . We have the capacities , we must ,
routine and even some skilled tasks of course , continue to increase and improve

(3)  Shift in the r equ i r emen t s  for man-  them .
power f r o m  operator act ivi t ies  to tes t ing ,  Beyond this , however , we must somehow
make-ready and maintenance , and supply learn bet ter  to organize our resources of
activities technological talent and our know-how . We

( 4) Increased proportion of personnel  must increasingly recruit  and focus the
involved in communications and data proc - brains of our univers i ty  and industrial  re-
essing search and development establishments to

j oin with our “ in-house” competence f or the(5) Increased emphasis in management solution of Army problems .and decision making in large r proportions How this organization will f inally beof job ass ignments arranged for  best exp loitation of science and
(6) Increased emphasis on programming technology on behalf of the Free World  I

and control and monitoring of machine pro- . suppose no man can say rig ht now . I yen-
grams t iire to predict , however , that it will have at

leas t the following a t t r ibutes  and charac-(7) Increased need for determination of te r is t ics:those functions which are best performed by 1. Increased sensit ivity and responsive -human beings and least suitable for  assign- ness to clearly ident i f ied  leadersh i p andment to machines. policy guidance;
These and other tendencies observable 2. Substantial e x c  r l i o n s  on so-called

in modern hardware development add up in “bas ic ,” as well as applied , scie nce;
t e rms  of human fac tors  to: a decrease  in 3. A sustained and pe r s i s t en t ly  contin-
emphasis on motor skills; an increase in uing effor t  in which generation and utiliza-
emphasis on perceptual skills and intellec- tion of talents is at least as important as
tual abili t ies;  an increased emphasis on dollars; and
human relations , leadership, and command 4 . Greatly decreased lead time between
skil ls ;  and no reduction in the demands for the demonstration of the feasibility of a new
old- fashioned courage , loyalty, and persist.  concept and the delivery of a capability to
ence. the troops for operational use ,

In U. S. Army Research  and Development Both the underlying science and the ap-
it is our responsibili ty to exploit Free plied technology of Army human factors
World capabilities in psychology and social engineering have been clearly demonstrated
sciences full y in developing the weapons and to be an increasingly necessary  ingredient
equipment needed by our A rmy to meet the of the total Army research and development
tremendous threat  to our survival.  Beyond effort both now and for the future .  I hope
this , we mus t  als o par t ic ipate to a meas- I have succeeded in this brief presentation
ured degree with Army “user ” agencies in in making clear to you both the urgency of
the development of techniques for the use of our job and the broad outlines of the direc-
these weapons and equipments . tion in which our future lies .

Our efforts  must focus primarily on I congratulate the rn-embers of this Con-
achieving the means for our ground forces ference on having well carried forward the
to win on any future battlefield - - nuclear development of the relatively new human
or non-nuclear , limited or general , of longer factors engineering technology in the Army.
or short duration . In the simplest terms our The journey ahead will be long - - it must
human factors program must apply a devel- also be swift.
oping technology of human behavior to assist Thank you .

D. THE SOLDIER FIRST , Address by Major General Louis T. Heath , Depu ty Chief of Staff
fo r Materiel Development , U. S. Continental Ar my Command

Mr . Chairman, gentlemen: U .S. Continental Army Command’s in-
It is a pleasure to be here at this Annual te res t  in Human Factors Engineering derives

Human Factors Engineering Conference. We from the simple fact that we in the Army are
of U .S. Continental Arm y Command are very humans and our enemies are human beings.
much interested in and concerned with Human The world is peopled by humans and the con -
Factors Engineering. (licts which take place are conflicts between
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human beings. The nations of the world are courage to overcome adversity, privation
made up of human beings. Whenever nations and defeat.
or groups of nations clash, the conflict is In the Department of the Army orgaz ~iza-
by and betw”en human beings. In order to tion of it. job of fielding winning armies , the
end these clashes or conflicts human beings Commanding General of the U .S. Continental
must be influenced, When force is used to Army Command has been given the task of
influence a people and their leaders this coordinating comoa t developments. Combat
becomes war. In war the ultimate persuader developments are the research, development,
is the destruction of the enemy force and testing and early integration into the army of
getting his population in a position where it new doctrine , new organization, new mate -
can be influenced by ideas or rifle butts rid , to obtain the greatest combat effective -
applied individuaily if need be. ness, using the minimum of men, money, and

Today we find the United States and its materiel. This brings us directly to the prob-
allies engaged with the communist nations 1cm of human factor. across the board as it
in a protracted conflict , This conflict could affects organization, doctrine and materiel.
last five to ten decades. Through many centuries of history the

The aim and purpose of our national growth of science , as it affected weapons , was
strategy in thi s protracted conflict must be very slow; also the growth of human organi .
to make sure that the United States wins and zation was slow. Then the industrial revolu - - -

survives. Our strategy requires balance and tion took place , It speeded up changes in
flexibility. No other strategy can succeed in weapons and materials of war very greatly.
a protracted conflict where every conceiv - In this current century the explosive revolu-
able product of human activity is brought into tion in science and applied science and human
the struggle by our communist enemy. In organization has speeded the process of
this protracted conflict we face military change in military equipment into a dead run,
power , the threat of military power , propa - and it is in fact nowtiedto the tail of a rocket.
ganda , subversion, treachery, economic war. These facts have brought many new potential
fare , and sociological warfare. These means weapons and equipments into the picture at
are used against us by a despotic and fanatic such a great rate that special organizational
leadership firmly mounted on the communist measures have been taken to speed up the
power apparatus in an ideologicalframework study and evaluation of the potential effects
having no spiritual values or moral code, on the future battle field and the soldier .

To be successful in this protracted con - Combat Developments offices and elements
flict we must be able to fieldwinning armies, throughout the army have been placed under
This is an essential part of the successful the Commanding General of USCONARC to
strategy to insure our survival, make them more effective.

Armies win when their infantry can ad- Our problem now is to evaluate and esti-
vance and kill or capture the enemy soldiers mate in advance the potentials of new weapons
without prohibitive losses. When the enemy’s or weapon systems and related equipment , to
forces are destroyed we can then invade the determine their effect on the future battle
enemy’s country and dominate him, field and on the soldier , then devise organi-

Our armies are made up of men and the zations , doctrine and technique for the em-
enemy, which we must dominate, is also ployment of this equipment vis-a-vi s our
made up of men. Thus human factors are enemy and then integrate it into the structure
with us every day in our task of building of the army so that our army will be a win-
winning armies. To win , our armies must ning army from the outset.
be able to advance their infantry by many Human factors enter into thi s process
means; these include maneuver, firepower, at eve ry turn. With each concept or item of
deceit , deception, counterfire, and logistic equ ipment, many questions affecting human
support of all kinds. Our armies must be factors must be answered. How will this
able to counter the defensive efforts of the new tactic or concept affect training? How
enemy by superior use of our offensive will this new equipment affect training ? Will
weapons. Every weapon system which he it increase the complexities of the training
uses must be c o u n t e r e d or interfered task? Can soldiers handle the equipment in
with in one way or another. This makes the high stresses of battle ?
necessary counter battery effort. againsthis Soldiers can be trained In many complex
artillery, air defense against his aerial as- skills , providing time is available. How.
sault , and many others. If we fail to do this , ever , the modern soldier requires instruction
then he can destroy our army and defeat it, in so many areas that the training time

Modern industry and science have made increases greatly. There is a great need to
necessary a wide variety of weapons in our keep the training time short because when
army. These weapons are used , handled and the fighting sta rts we must quickly train
maintained by men. The men win the battles many more soldiers, if we base our equ ip-
by using the weapons. The man Is the key ment on operating skills which require a year
element because it ii he who has the intern- or two years to acquire , then we will be in
gence , spir it, determination, the heart and the hole when the fighting starts.
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Human factors  research can aid us great l y CONARC looks to the technical  services
by helping to keep weapons and equipment  for human f ac to r s  eng inee r ing  app lic at ion in
simple and ~aan -comp at ible, and hel ping us development , and to them for human f a c t o r s
to keep the training task wi th in  p rac t ica l  basic and app lied research  as a cont inuing
limits,  task in order to bring about compat ib i l i ty  of

The complexities of modern equi pment , men and equi pment. CONARC looi’~s to the
Office of the Chief of Resea r ch  and r -evelop-which will give us l i teral ly fantas t ic  capabil. ment for  basic research  in support of ourities , is a continuing problem. Careful  needs. CONARC participates in projects ashuman factors engineering in the develop-

ment of this equi pment can make it practical appropriate by establishing requirements  and
for field use. Im proper human factors  by assis t ing the uni ts  of Hurn RRO in many
engineer ing can make the equ i pment ~~~~~~ 

wa’is.
available in the field or delay it . Improper All army weapons and equi pment requi re

human factors eng ineering to a greater  orhu man fact, . ’-s engineering can leave us with lesser  degree and the products of develop-insoluble t ra ining problems. ment are not properly engineered unless the
Human factors eng ineering problems of human factors  englaeer ing solutions are

equi pment range from the very simple special sound and the equipment is man-compatible.
problem of providing enoug h room for the Human factors engineering must start early
soldier in the combat vehicle to more sop his - in the design if money and time are not to be
t icated problems involving complex use of wasted . Emphasi s needs to be laid on this
the sen ses , brain , and muscular  coordination, point by everyone who participates in the

CONARC is working constantly with the ea r ly design stage of equipment .
evaluation of human factors  in a wide variety In winning a war we must  influence the
of projected situations involving new organi- enemy people and leadership. These are

~‘at ion , new doctrine and new equipment. people - humans.  His army is also made
up of men - again humans.  Our army is

In regard to weapons ari d equi pment  made up of men . They win or influence the
CONARC seeks to get new equipment which enemy by the use of thei r weapons. Our
will do its projected job , still possess aim-  armies  will be most effect ive with better
pli city, ruggedness , r eliability and li ghtness , weapons. These weapons must be corn-
and which will not force us into insoluble patible with the men to gain the most advan-
training tasks . tage and insure winning and our survival .

E , WELCOM INGREMA RKS , byColonelJohnE . Walker , ActingDirector , U.S . Army E~girMer
Research and Development Laboratories

As the Acting Director  of your host this conference is ra ther  full and allows no

Development Laboratories , it is my privilege Laboratories. So I would also like to take
and pleasure to add just  a word of welcome this opportunity to invite you to visit us
today. My organization, as well as the Post individual ly after the conference at any op.
itself - the Commanding General , General portune time which you may find. We would
Wilson , is with us this morning - is at you r be most happy to have you and we think that

organization, the Eng ineer Resea rch  and time for you to visi t  our facil i t ies at the

disposal to make this visit as pleasant and we have a whole lot to show you. Thank you
pleasurable as possible. The schedule for very 

much.9
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A. VISION TRANSFORMS AND ELEMENTAR Y DE CISION MAKING by John J. Johnson , U. S.
Army Engineer Research and Development Laboratories

INTRODUC T ION .5 to 5. In the ea rly fifties this was extended
to 15 and 25 in the unipotential serie, of

Over a period of many millions of years . tubes which are today used in weaponsi ght .
the human visual apparatus has evolved into vehicular driving and tank gunnery applica-
a complex and wondrous mechanism with a tions, In the late f i f t ies , the tube cascading
high degree of performance over a dynamic technique was pe rfected and noiseless d c c -
light range of ten orders of magnitude. How- tronic vision tube s with light gains of 50,000
ever , modern warfare , with its emphasis on to 1,000 ,000 made passive viewing under
night mobility and night combat operations, starlight illumi nation possible. eae tube s
demands a night vision capability on the part have extended the jhze~ahQl~~~nL vision for
of the fi ghting soldier considerably in excess ~1~~ fro-hurnan vision systems during da~I-
of tha t provided by biological evolution ness to light leyels l0~ 0 tfmei below tb!

Since 1942 , the Corps of Eng ineers has tEi-ëihold of the ordinary unaided eye. The
been sponsoring the development of d cc- new electronic vision tubes allow the sol~Jer
Ironic vision tubes for both the intensifica- to fire weapons and drive veh les at n1g~it
tion and storage of low light level images under starlight illumination without the u~ e
Figure 1 shows some of the image intensi-  of activ. light sources.
fier tubes which have come into existence This paper wiU discuss a method of per-
as a result of this development program. formance analysis which considerably sini-
These tubes have evolved from applied re- plifies the calculation of the decision making
search in the fields of photoelectricity, phos- properties of electro-human vision systems
phors , secondary emission, electron optics , and which allows the optimum human match-
ult ra high vacuum , and glass to metal tech- ing and synthesis of such devices for a variety
nology. The initial tubes had light gains of of military applications.

1942 - 1958 1’_IS .1.90

1P25

IP 25G __________ 
2 STAGE CA SCADED IMA GE TUB E 2000Z

5X

60-32 i.— - -.
20X

3 STAGE CASCA DED IMAGE TUBE SO.000X

1C -Il -iSA

- SECOND A RY EMISSION INTENSI FI ER 5O . 000X

25X ~ ~~~~

- - - - 
IMA GE OSINICON INT ENSIFIER 1,000,000K

Figure 1. Electronic Image Intensifier Tubes Developed by
The Corps of Engineers

VISION TRANSFORMS of values but is restricted or quantized into
five dis tinct states of activity. These are:

An electro-human visual device may be 1. Negative response
considered as In the nature of a communi- 2. Target detection
cation channel coupling a military target 3. Target orientation detection
message such as a tank located ir~ object 4. Target class recognition
space to a human network with intefpretive 5. Target type identification
and decision making propert ies . The corn- In other words these are the five elementary
plete system in shown in Figure 2. degrees of freedom of the overall electro-

It I. possible to postulate that the decision human vision system. Obviously the proba-
making process does not contain of continuum bilities as soclated with these decision states

13
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DECISION STAT E

F Igur e 2. The Electro-Human Vision Syste m

depend on the characteristi cs of the optical prises the input signal in the visual corn -
target message , the properties of the d cc- municat ion channel requires two spatia l and
tronic intensifier device and the physiological one intensity dimensions and some ten thou-
responses of human observers . It must be sand to one hundred thousand informati ..n
stressed that the general calculation of such bits for Its complete descr iption. The human
probabilities from first princi ples is not yet responses to such complex images are not
possible because of the limited understandin g available from the known visual functions and
of the visual processes and decision making the decision stat e for any particular image
apparatus, must be obtained experimentall y from the

One of the central problems In the study actual situation.
of the human inte rpretation of visual images In order to stud y the relationship between
is the complexity of descr iption of such complex target images and simple abstract
images. Th, target message which com- resolution patterns , an electronic Ima ge

A8ST RACT RESOLUTtON VID ICON CAME RA

TARG ETS

11.0
KINESCOP E IMAGE

DISPL AYH
I M A G E

,—~ R ES O L U T I O N  R E A D O U T  I ,

~~ ~ III I-
~OBSERVER SIGNAL TO NOISE RANDOM

R EADOUT NOISE
G E N E R A T OR

FIgure 3. ElectronIc Image Analyzer
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anal yzer and synthesizer was developed , stick sinc e this dimension has a decisive
This app aratus is shown in figure 3 and con- effect on the luminance energy in an Image
sists of: ( 1 )  reaL and abstr act target inpu t perturbed by poor resolution. A vision
messages; (2) a vidicon camer a for ir ~ge transform therefore defines the necessar y
pickup; (3)  an kinescope image disp lay .&ni t and sufficient resolution required for a par-
equippe d with external noise generator and t icular decision level. Additional conditions
resolut ion and signal to noise inst r umenta- are that the bri ghtness and contrast for the
tion. This set up permit s the genera t ion of real image must be made equal to that of the
both real and abstract images with m dc- abstract pattern . The resulting transform
pendent control on scale , contrast , resolution numbers are independent of distance , con-
and time dependent shot noise. trast bri ghtness and practica lly of target

Both intuitivel y and logicall y it seemed a form. They indicate the linear relationshi p.
relationshi p should exist between the linear which exist between the decision states of
resolution of an elect r o-hu man vision system an clectro-hu ma n vision system and the
and the d e c i s  i o n  state of th at syste m. ability of that system to resolve abstract
Measurements with out of focus images on resolution patterns of va rying spatial ire -
the electronic image ana lyzer have estab - quency. In effect , a vision transform of a
lished a relationshi p between the spatial target effectivel y rep laces the complex target
interval  resolved at the target and corr e-  as the input into the electro-hu man vision
sponding decision states of detection, recog- channel and therefore very considerabl y
nitlon and identification. For Instance in the simplifies the comp lexity of anal ysis.
tank target plane viewed normall y, a spatial As might be suspected , the transform num-interval re solution of ten feet suffices for
target det ection while target identification bers do depend on the angle of view of the
requires a spatial resolution of 1.2 feet, target . In figure 5 , the angu la r transform

It has been found that the quasi invariant than 450 the resu lution req uired for recog-

distributions of a tank Ima ge have beenExpressed in such absolute units , spatial plotted for various decision stat es againstinterval num bers differ from target to target . the view angle. For view angles greater
image transform numbers may be formed by nition and identification decision states in-expressing the space interval resolution in creases by 200-300 % over the normal m ci-terms of the minimum projected exterior deuce resolution. - Id imension of the target. The procedure for
a tank target is shown in figure 4. In figure 6, the normal incidence trans-

The minimum exterior dimen sion of the forms of four different military targets are
projected image is used as a decision yard- tabulated . Over an error excursion of ± 25%,

CAL DIMENSION TRANSFORMS
— 

~~~~ } .75 LINE PAIRS

ElECTION

I, ,,,,, ,fl ,,l KI: u p

-,,, li llmlI/II FI, } 3.3 LINE PAIRS

R E C O G N I T I O N

— 
} 6.5LIP4E PAIRS

ID E N T I F I C A T I O N

FIgure 4. Tank Image Transformations
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Figure 5. Angular Image Transform Distributions

simple transform numbers relate directly to event , vision transforms do allow the deter-
decision activity for a variety of milita ry mination of the decision making state of any
targets. Integration of all view angliis would electro-human vision system since it Is only
result in somewhat greater transform dif- necessary to determine the angula r resolu-
ferences from one target to another. In any tion of the system.

T A R G ET  TRANSFORM FREQUENCY PER CRITICAL DIMENSIONS

DETECTION ORIENTATION RECOGNITION IDENTIFICATION

V E H I C L E S  1.0 1.4 4 .0 6.5

TANKS .75  1 . 2  3 . 5  6 . 0

PERSONNEL 1.1 1 .5 4.5 8.0

A R T I L L E R Y  I .0 I . 5 4 . 5  6.5

AVERAGES .95 1.4 4 . 1  6.7

FIgure 6. Normal Military Target Transforms
It,
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EFFECT OF IMAGE FLUCTUATIONS quired for human interpretation. B I. the
scene luminance In ft. -lambert , C Is the per-

The ideal performance for any electro - centa ge scene contrast , T Is the storage
human vision system I. limited only by the time In seconds , D Is the diameter of the
statistical fluctuations in the photo-electric object in Inches , and ~ Is the averaged-out
image leaving the first photocat hode. Such quantu m efficiency of the photo-electric
fluctuations are fundamental since they Im- process. In this equation K , the th reshold
pose the ultimate limi t on the angu~ ir reso- signa l to noise ratio , Is the significant human
lution of a viewing system. Rose In 194 8 facto r since It indicated the ability of a
derived a relationship for the ideal per- human observer to perceive order In a ran-
formance of any image pickup device. He doml y fluctuating Image. In his orig inal
found that the angular resolution of an Ideal pape r , Rome estimated that K was a cons tant .
electra-o ptical pickup device may be cx- with a value of about 5. In some recent
pressed by experiments in our laboratories with images

_________________ 
perturbed by artificially induced shot noise ,/ we have measured that the threshold signal

\/ 
2 -3 to noise ratio for high contrast images to be5K X 10 about 1.3 while R . Clark J ones of thea a minutes I L ,
z z Polar lod Company has obtained K values of

BC D T ~ 1.ZZ . As a matter of fact , the performance
of actua l intensifier devices may be ox-

where a is the angular resolution inminu tes, plalned only by the assumption of a visual
K is the threshold signal to noise ratio re- signal to noise ratio threshold below two.
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FIgure 7. Angular Subtense Performance of an Ideal Intensifier
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Using the value of K of 1 .3 it is possible light performance however falls one to two
to calculate from equation ( 1 )  the ideal per- orders of magnitude below the lim its imposed
formance characteristics of an electro- by ideal operation.
human intensifier device. In figu re 7, the
threshold visual subtense In minute s has been EL E CTRO-HUMA N VISION PROBLEMS
plotted against scene bri ghtness for a wide
range of scene contrast . The value of quan- A rather important problem in the field of
turn efficiency, storage time and lens diam- electro -visua l picku p devices is the amount
eter shown in this figure were selected to of light or brig htness gain such tubes should
approx imate typical conditions. It should be provide for optimum human matching. The
noted that ideal image intensifiers are capa - cost of image intensifier tubes is roughly a
ble of extracting u~ efu l visual information function of the light gain which may va r y
from scenes at 1 0 °  and 10- 9 ft, -lamber ts between 10 2 and 10° . In fi gure 8, the angular
brig htness levels. This is 100 to 1000 time s performance functions for an ideal inten si-
darke r than the brightness levels encountered tier , the system have been plotted against
under starlight conditions. Present ly avail- scene luminance for a contrast of 100%.
able electro-visual pickup tubes approach Herein performance at low light level to within a
factor of 2 to 4 of Ideal performance. It is Lp ideal intensifier function (minutes)
interesting to note that presentl y available
electro-visua l picku p tube s approach in per- L = unaided eye function (minutes)
formanc e at low light levels to with ina factor
of 2 to 4 of ideal performance. Their high- I.. = electro-h uman vision system (minutes )
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STORAGE TIME .2 SECONDS CONTRAST 100%
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SCENE LUMINANCE (FT. LAMBERTS)
FIgure 8. Visual Acuity Functions for an Ideal Intensifier and the Unaided Eye
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From the theory of cascaded aper tures , it is tion indicates the loss in system resolution
possible to express L as which results from the use of a human ob-

~~~~~~~ se rver . Over an angular subtense region of
2 z f rom 1 to 100 minutes of arc, the ideal in-

L = (L p) + (L — ) minutes (2) tens i f ier  is about 10,000 more sensitive than
the average unaided eye. Ideally the human

This shift to the rig ht in the dotted cu rve  in eye should not limit the angu lar perception
figure 8, from the ideal performance func - of an electro-human vision system at all.

SC EN E L U M I N A N C E 10 ’ FT.LAMBERTS
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Figure 9. DecisIon Functions for the Unaided Eye and an Ideal Intensifie r

For this condition to be satisfied for an input point at A to the output operating point
intensifier operating at point A, for one at B is about ten thousand. Since the objec-
minute of arc resolution, the brightness gain tive has an optical transfer efficiency on the
in the intensifier must be high enough to order of 10 percent, this implies an overall
drive the human ang ular resolution to a light gain of one hundred thousand times to
somewhat greater resolution than one minute. achieve optimum operation In an electro-
This occurs in the vicinity of point B on the human vision device. This is tru e only for
unaided eye curve. The amount of system a system magnification of unity. If the snag-
brightness gain required to go from image nification was two the output visual angle is
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multiplied by two and the operating eye point for both the electro-human vision system
is shifted to C. The required brightness gain and the unaided for a scene luminance of
(AC) is now about three thousan d and a lumen 10’~~ F,L. and 100% contrast.  Such decision
gain of about 30 ,000 . diagrams directly indicate the decision mak-

Eventually, the question must be asked as ing capability of vision systems. The supe-
to the performance of the overall electro- riority of the e lec tr o-human vision system
human vision system from the point of view over the unaided eye is obvious since it per-
of its ability to make elementary decisions mite , for the above conditions , target dcci-
as to the nature of target messages. This is sions to occur at range distances about 25
accomplished in a s traight forward  manner times greater than with the unaided eye.
by utilizing the target t ransform concept The decision states are easily determined
and angu lar resolution performance curves as the intersection points of the resolved
for light pickup devices , spatial interval functions and the numbers
The vision transforms, for normal m ci- specified by the vision transforms for that

dence viewing, of a tank image have been particular target.
found to be: The procedure outlined previously may

also be reversed to match an electro-hurnan
Detection .75 line pairs system to a required decision making pe r -
Orientation 1.5 line pairs formance. Given the distance at which a
RecognitIon 3.3 line pairs particular decision state must occur , the
Ident ification 6.5 line pairs design of an electro-human vision sys tem

may easily be synthesized.
With a critical dimension of 8 feet for the

tank, these transforms indicate the spatial CONCLUSION
interval which must be resolved for eachde-
cision state. The visual capability of the unaided eye

Resolved Spatial at night is inadequate to meet the p rese nt
Decision State Interval and future combat requirements of the army.

Electronic image intensifiers with light gains
Detection 10.6 feet of 50,000 to 100,000 will be used in many
Orientation 5 .3 feet night applications to extend human vision
Recognition 2.4 feet by factors of 10 and 100 times. The analysis
Identification 1.2 feet of the decision making performance of such

electro-humnan vision systems is very con-
In order to assess the decision making capa- siderably simplified by the use of the vision
bility of the overall electro-human intensifier t ransform concept. The vision t ransform
system defined by the dotted function in method in conjunction with the statistical
fi gure 8, it is only necessary to determine theory governing image fluctuations allows
the distance at which the vision system will the optimum matching and - ynthesis of
resolve the spatial interval for each decision electro-human vision systems for a variety
state. Such ‘unctions are plotted in figure 9 of applications.

B. PRACTICAL EXAMPLES OF HUMAN FACTORS IN DESIGN OF EARTHMOVERS by John
H. Hyler , LeTourneau-Westlnghouse Company

Ove r the years , the e a g i n  e e r s at You may be familiar with the competitive
LeTourneau-Westinghouse h a v e  been in- demonstrations often used by earthinoving
crea s in gly aware of the impact of human contractors to select equipment. If the
engineering on their design problems, product designe r has neglected certain hu-

Basicall y, we have used the reactions of man factors, this may be largely offset , for
our test engineers and our equipment users the duration of a sales demonstratiou, by
to identify the human factors apparently highly skilled operators working rather in-
needing furthe r attention. I might mention tensely for that short time. As a result ,
that instances have been observed where an practicaUy the full capabilities of the equip-
operator came to work in his air-conditioned snent may be observed in spite of the design
Oldsmobile , put on fresh , clean coveralls deficiencies. Thou gh an initial purchase be
and climbed aboard our equipment to move based on a sales demonstration, additional I -
dirt under a broiling sun. It ’s not surpris - units of that model are considered on the
ing that we sometimes receive suggestions basis of the overall pe rformance after the
concerning our products . We recognize that demonstration, working month after month
however clever our designers may be in in- in the contractor’s operations and using his
venting and developing basic equipment that own drivers and maintenance personnel.
provides superior performance and dependa- It is really the operator who sells addi-
bility . they have not nearly done their job tional pieces of the same model to his boss.
unless proper consideration has been given He does this f irst  by the actual production
to the people who will use that equ ipment. rate he is ,‘ble to maintain with the no more
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than reasonable application and effort he in recent years on our products. We will
expends on the job. He sells more directl y confine our remarks  here on the advantages
when the question of additional machines is obtained with this sys tem to the human
discussed. It is then , if not before , that he aspects .
voices his own reactions to the equi pment 1. F inger - t ip  control  by simp le , rugged
he has to live on eight or ten hours a day, switches requires only four  pounds force to
Human engineer ing  considerations are essen-  actuate , ye t handles the full engine horse-
tial to the development of any successful power as needed . I -
product design. 2. The lever actuat ing the switch is

Let’s consider very briefly some of these enough to be easily operated by a mitt ened
areas where a human problem has been hand and strong enough not to be easily
recognized and corrected, damaged by any excess pressure  f rom the

operator .
CABLE CONTROLS 3. The switch arrangement  is self center -

ing so tha t upon release , the actuation stops.
Probably the outstanding deficiency on the This is excellent for control of fairl y short

older earthmovers , both tractor drawn and cycle operations . Wheneve r  desired , to re-
rubber tir ed , was the high lever and peda l lieve the operator f rom holding the switch in
forces required to control this large equip- on longer cycles , a holding coil is built into
ment.  The cable control unit that was widely the sys tem so that the motion continues alter
used to power the various functions in the once being initiated by the operator . In this
self-loading scraper is perhaps the best case the motion in that direction is stopped
example of this .  This cable control unit was either by the limit switches for that function
a mechanically dr iven winch arrangement  or by the opposite direction of motion being
on the t ractor , normally with two drums and indicated by the operator .
fair leads. Since the clutch actuation was 4. Identification of controls is readily
effected by manual force from a lever , with obtained. The compact switch arrangement
no booster system, the line pull available on makes it easy to group all related controls
the cable was mainly determined by the effor t  together . Within a group of controls , they
exerted by the driver. The brake actuation are also easily placed in the same standard
was provided by a heavy spring, so that a arrangement as used throughout the equip-
load once hoisted into positioncould be main- ment , making it unnecessary to read the
tam ed without fur ther  attention from the names on the controls , once you are ac-
operator . Yet , when it was desired to re- quainted with this o r d e r . Variations in
lease or lower the load , it was again neces-  shapes on the control levers are also used
sary for the operator to supply adequate in some cases to aid in identification.
force at the handle to overcome this large 5. Excellent control while operating over
brake spring. I’m sure  that handle forces roug h terrain is possible. This is because - 

-
on the order  of 80 to 100 pounds were not a hand rest  is provided right at the f inger - t ip
uncommon , and some were  higher . Even controls , so that movements of the driver ’s
thou gh the average dr iver  of such an earth- bod y (other than within his hand) have prac-
mover had developed rather substantial arms tically no effect .
and shoulders , it obviously was impractical  6. Since these switches can be mounted in
to use such a cable control device for the almost any position, it is easy to install them
newer and larger earthmovers being de- so that the direction of operation on the
veloped . Assuming that no relief were to be f inger- t ip  control corresponds to the direc-
offered the operators from the high handle tion of the function that results. This is not
forces, it would have been possible to in- only easier , but much safe r in the event of
crease the earibmover size with that cable sudden driver reaction to an emergency.
control unit by just multiplying the lines of 7. Machine controls can be mounted m any
cable used , to supply the larger  forces  re- desired location to provide the most efficient
quired. This was not desirable because the overall operation for the dr iver  both looking
actuating speeds would be decreased even forward , or looking back at the trailing
more than indicated by the comparative forces equipment.
requ ired , because of the greater inefficiency 8. Because of their compactness , many
of multiplied line s of cable . The higher controls can be placed in desirable relation-
horse powe r , higher speed earthmovers under ship to the operator. As an example , we
development rather required faster actuation have had three earthmovers, each of 32- 1 /2
to obtain balanced performance. tons capacity , all towed like a train behind

We , therefore , began some time ago to one tractor . Electrically powering and con-
develop a power system that would require trolling all the necessary functions is no - -
very little effort and the minimum of atten- problem.
tion by the operator , and would provide other The only item out of this list where the
very desirable fea tures  as well. This is the old cable control unit comes close to the
simple, rugged alternating current electric new electric control is its ability to with-
control system used with such great success stand the maximum effort of the operator .

2 1
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~‘1Par t i cu la r  at tent ion is given to cont ro ls  with only a few pounds force  r equ i red , no
that  are essential to the safe  opera t ion  of c lu tch  pedal , and nothing to synchron ize .
these ea rthmove r s , such as s t ee r ing  and The control posi t ions a re  in a s imp le se-
stopping. They  a re s tudiousl y ar r anged so qu ence , f rom neu t ra l  th roug h succes sive  f o r -
that  the normal  react ion in an e m e r g e n c y  ward  speeds as the lever  is moved f o rw a r d ,
will p rovide the co r r ect cont r ol , and are and into suc c e s s i v e  reve r se s peeds as the
made in mos t cases  to ope r ate e xac tly a s on lever is moved to the rea r f r om neut ral.
a passenger  car  or t r u c k .  In addit ion , they This a r r angement  is widel y used  today in
are built wi th  suf f ic ien t  s t rength so that if a the ear thmoving industry and apparently
dr iver panics and exerts ver y hi gh forces  on r e p r e s e n t s  pre t ty  close to the op t imum be-
t hese co nt rols , they will sa f ely handle this tween ope rator convenience and maintaining
loading and Continue to func t ion  proper l y , cont ro l  of the vehic le .
By giving the ope ra to r co mplete conf idence Even  thoug h the power shif ted t r ansmis -
in the safe and de pe ndable cont r ol of his sion wa s available , and ve ry  succe s s fu l ,
vehic le , his performance is improved and many cus tomers  p re fe r red  to cont inue with
the machine  capabili t ies are more com- the sliding gear type of t r ansmiss ion  because
p letely u tilized, of i ts simpli city and e f f i c i e n c y .  In order t o

obtain im proved machine per formance  and
TRANSMISSIONS to t ry  to giv e some help to the operator ,

addi tional t ransmiss ion  speeds were  incor-
Another problem that has been with us porated , making the r at io b etween adjacent

ever since the development of hi gher s peed gears smaller .  Also , transmission brakes
rubbe r t i red  ea rth rnovers  is the shi f t ing  of were  offered to permit  more rap id sy n-
the t rans miss ion  The ear l y production units  chronizat ion of the sliding c lu tches .  This
we re equipped with a heavy dut y t ruck- type  la t ter  i tem requi res  some additional skill ,
s l idin g gear  t r ansmiss ion. Tru cks normally bu t te nds to r educe the f or ces r e quired on
roll on some kind of roads , and reasonable the gear shif t  l ever .
time to shi f t  gears  is available. In spite of A much bet ter  answer  meantime was under
the bene fi ts  of the large r rubber  t i res  that development, which ha s just in the las t few
w e r e used , the hi gh ro l l ing  r e s i s t ances  en- months been get t ing into the field. It is the
counte red in of f - the - road work  demanded same basic sliding gear t r ansmiss ion  in all
ext re mely fas t  gear changes .  This was par-  i ts simplici ty and ef f ic iency ,  to which has
ticularly t rue in the lower gea r s . Althoug h been added a shift ing control device.  This
it might be possible to negot ia te  a si tuation a r rangement  s e n s  e s when the gears  are
in a hi ghe r s peed gear , it was not possible proper l y s y nchronized and slides the spli ned
to comp lete an “ up” shif t  be fore  rol l ing to clutch into engagement  at the c o r r e c t  instant .
a stop. Thus a hig h de g ree of s kill is no longer

The best  pe r fo rmance  was obtained with needed. Ne i the r  are the large lever fo rces
the opera tor  who had some combinat ion of requi red  of the operator . Ths control ar-
the most skill and th e most st r eng th. The r angement can be made jus t  about as simp le
skil l was needed to sense  the best t iming in and convenient for the d r i ve r  as on the pre-
c o o r d in a t i n g  engine speeds , c lutc h ope ration viously mentioned power shifted t ransmis-
and gear  sh i f t ing  wi th  the under - foo t  condi- sion. With this shif t in g mechanism available
t ion s  and t e r r a i n. The s t ronges t  a rm and on the sliding gear t ransmiss ion, it will  no
s h o u l d e r  was needed fo r ‘‘ cramming” the longer be necess ar y for  any equi pm ent user
t r a n s mis s i o n  in gear in sp ite of bein g not to make a choice that  will s ac r i f i ce  human
proper l y synchronized .  This  obviously was considerat ions.  Whe ther  the task to be per-
a n u n d e s i r a b l e  s i tuat ion f r o m  the human formed is bet ter  suited to the power shifted
eng in e e r i n g  viewpoint  as well as some t r ansmiss ion  with torque convertor or to the
o t h e rs .  E ve n thoug h such a t ran smission slidin g gea r type , the desi red equipmen t can
worked ve ry  well on the hi ghway, it pre - be made a v a i l a b l e  without such a corn-
seined real  ope ra t ing  p rob lems  for ear th-  promise.
mov i ng.

N e t h e r e f o r e  bega n d e s i g n i n g p o w e r s h i f t e d  SUSPENSIONS
t r a n s m i s s i o n s  for  our cons t ruc t ion  equ ipme n t
to overcome these de f i c i enc ie s .  These were  One of the f i r s t  things that became appar-
subse quent l y bui l t  fo r our ea r t hmove rs , which ent  as we be gan to develop high speed e a r t h -
to the b est  of ou r knowled ge were the f i rs t  move r s was that the drive r took considerab le
such product ion t r ansmis s ions  for  this  pur-  punishment . A mor e or less standard ty pe
pose. This  develop m ent e l imina t ed  the need seat cushion apparently was ade quate for
for a high de gree of skill to shift  gears and c rawler  t r ac to rs  even on roug h t e r r a i n  si nce
removed the heavy r equ i r emen t s  for  human they moved so slowly. But wi th  rubbe r t i r ed
s t r e n g t h and end urance  to complete  some c o n s t r u c t i o n  equi pmen t capable of moving at
gear changes .  Gea r sh i f t i ng  is controlled 30 miles  per hou r or better , the vehic le
s im pl y by moving a gear se lec tor  lever  to speed and therefore  its per formance , was
the position represen t ing  the speed des i r ed , l imi ted in roug h going because of the v er y
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roug h ride su f fe red  by the d r i ve r  when using pedal p ressure  is s e v e n t y - f iv e  pounds or
the sea ts that were  avai lable .  As a resul t , upward .  It is easy in such  a ase  to e rr  in
we desi gned our own seat for  this  s e r v i c e , making the pedal too li ght , s o tha t a care less
incorporat ing about a one foot deep foam d r i v e r  li ghtly res t ing  his foot against  the
r u b b e r  cushion . This  seat has done an ex- pedal pr oceeds to slip the clutch and burn
ce llent job of absorbing the v e r y  severe  jolts i t  up. For this reason we prefer  not to use
the operator  would o the rwise  take , y et has less than about 4 0 pounds f orce to move the
p ractic ally no rebound to th row him out of c lu tch  pedal.
the seat . This  provides  a ve ry  plea sant , Anothe r examp le is in r e gar d to the ethe r
n i ce l y dam ped r ide on reasonabl y roug h s t a r t i n g  aids commonly used for  d iesel  H

surfaces . We have observed  f rom personal engines .  If it is ve ry  convenient ly  placed
ex pe r ience tha t a s a res u lt , pe r fo rmance  on for  the d r i v e r , he may elect  to use it as a - I
roug h terrain is li m ited p r m n ~ ipall y by the tem pora ry  power booster for his engine ,
d r i v e r ’s ab i l i t y to hold on and s tay in the pa r t icu lar ly if he is d r iv ing  a r ig  with a - -
seat, sliding gear t ransmiss ion  and is almost able

M ore re cently,  a f u r t h e r  gain has been to cl imb over the brow of the h ill wi thout
made in this  area.  This is the “H y dra i r ’’ chang in g gears .  1 can assure  you that the
suspension which is used on our knuckle- charge  of e ther  that sometimes is given the - 

-
s t eer e d  t r u c k s  and t ractors . Basically it is d iese l  i n lieu of shif t ing gears doesn ’t help
a wheel  su s pension in the f o r m  of a p iston the engine one bit. They are  not made to
and cy li nde r which provides  an air  spr ing take that kind of loading for  ve ry  long. We ,
to carry the load and an arra ng eme n t that there f or e , make it a practice to place the
provides an a i r  spring also for  rebound,  e ther  injector where  it is not handy to re ach
Built into the same device is a hydraul ic  when d r iv ing  such a machine.
r e se rvo i r , o r i f i ce  and passages which  con-
t r ibute  the  r e q u i r e d  damping for  the suspen-  MA INTENANCE FACTORS
sion. Sof tness  and capac i ty  of the suspens ion
can be va r i ed  as needed to ta i lor  it to a Thoug h the oper ator is the fellow that we
speci f ic  mach ine  or app l icat ion,  are principally t ry ing  to sat isfy and assist in

Beca use  of the va r i a t i on  in rate , a very  our human engineer ing  cons idera t ion , there
soft s p r ing  is provided in the  normal work-  is another  man we must  also recognize;  the
ing range.  At the same time , under the most mechanic or maintenance man. We , the re -
seve re condi t ions  the suspension n eve r  ~‘bot- fo re , check each new machine model to make
toms . ” Thi s  device has proven  in actual  s u r e  that regular  s e rv i c ing  or ad jus tment
ser v i c e  to be of great benef i t  in permi t t ing  points can be easily reached , and that pro-
opera t ion  over  uneven  ground at even hig her  visions are made to take care of major
s peeds because of the g r ea t e r  comfort  and i tems of ma in tenance  in a reasonable man-
a ss u r a n c e  for  the operator . ne r. We make su re  that there is space for

the mechanic to work and that extreme
VIS IBILITY AND OTHER FACTORS reaches  are not required . We have am ong

our test  personnel those that would approxi-
In addi t ion  to es t ab l i sh ing  e f f i c i en t  work-  mate the 95th percent i le  both in large men

ing pos i t ions  for  pedals and controls , con- and small , so that the result  is f ai r i ;~
s ide r able a t t en t ion  is give n to v i s ib i l i ty ,  acceptable.
Vis io n to the f ront  of the vehic le  is provided One —~f the desi gn approaches that we be-
to the maximum practical  in keeping with gan several years  back is component re-
o ther  r e q u i r e m e n t s , so that the d r ive r  need placement as a package. This permi ts  the
not p roceed t imid ly  for fear  that  something mechanic to rep lace a major component in
is hidden ahead of the nose of his vehicle,  minimum time in the vehicle.  He is then
Also , he must be able to r eadily see his able to repair that component  under  more
in9 t ru rn er it s  or indicators , plus the impor -  near l y ideal Condi t ions  in the shop ra the r
tant a reas  of the machine behind him Fur-  than ly ing on his back in the mud. He thus
the m , the d r ive r should be able to see close is not incl ined to rush throug h an i nfer ior
by the wheels  on ei ther side of the machine , job because of the unsa t i s fac tory  environ-
permi t t ing  :~im to proceed with confidence ment  and because of the p r e s s u r e s  imposed
at the max imum prac t i ca l  speed even on the upon him when the equi pment is tied up in
ed ge of a f i l l . We commonl y use mock-ups repa i r  too long instead of working.
to conf i rm that these factors are sa t i s fac to ry .  One of the ways we t ry  to accommodate

It is possible for  a designer to get into the mechanic is to keepthe number of wrench
trouble by making eve ry th ing  too easy or too sizes to a minimum. If this is take n into
convenient for the opera tor . For instance , account earl y in the design , it is possible to
we have often been concerned with the hig h produce a very pract ical  vehicle where  most
pedal p res su res  required to operate the of the requirements can be covered with just
master  c lutch . For this reason , many ye- a few wren~ hes. This simplifies and expe-
hid es use some power boostec ar rangement  dites his work , since the cha sing af ter  special
to assist the operato r , particul~sr % y if the or in-between sized wrenches  is min imized .
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Again , it is possible to get into trouble if and tes t  personnel . This  pe rmi t s  the de-
the desi gner goes overboard in making things s igner  to r a t h e r  e f f ec t ive ly  put himself in
too ha ndy or too easy. For instance , if ad- the operator ’s shoes , and hel ps him to cx-
jus tme nts ve ry  seldom need be made , the perience and unders tand  what the operator
means of adjust ing should not be placed in wants and wh y he wants it.
some location where  it will  prac t ica l ly invite  After the new product has been desi gned
anyone with a sc rewdr ive r  to give it a twis t , and built , it is turned over to our Engineer-
The t i n k e r i n g  of all the amateur  mechanics ing Test  Section. Their  reports include the
is not nearly so li kely if such an adjustment human engineer ing aspects of the vehicle.
is le ss accessible , or if it is an unfamiliar Natura l ly, on some occas ions the desi gner
item which they know they don ’t u nde r stand , is not inclined to accept the tes t  engineer ’s

A second instance of the designer being cr i t ic ism, pa r t i cu la r ly when the opinion ren-
too much help in making things easy is in dered cannot easily be supported by some - -
the selection of screw sizes.  Normally, we numerical  data. In su ch a case the desi gner
select  the smalles t diamete r that is pract ical w ill of ten convince h imself  one way or the
for a given job , sinc e much less ef fo rt is other  by spendin g a cou ple of days operat ing
re qu ired to “torqu e up” such fasteners , the machine in typical fashion  on the pr ovi ng
Generally we have been able to keep our grounds. I recall one such instance on a
thread dia meters  on bolts and capscrews vehicle some time back , where  the tes t  engi-
around 1- 1/4 inches and smaller.  If this neers  had complained that a t rac tor  trans-
same philosophy is ca rr ied down into the mission was even ha rde r  than usual to shift .
small diameter bolts , we may end up with It might have been possible to run compara-
some fas teners  that would almost be in a tive tests  with other equi pment and tabu late
watch maker ’ s category. 11 the mechanic who the data , eve n thou gh the shif t ing fo r ces
has been serv ic i ng the rest  of a huge ear th-  would vary according to the skill used on the
mover  is so fo rtunate as to find a wrench  shift , speed of shift , roll ing resis tance and
small enoug h to fit that tiny screw , he will grade.
no doubt p ro mptly twist it off the f i r s t  time A more effect ive argument  was to have
he ti ghtens it , and wonder wh y it broke so the des igner  operate the exper imental  vehicle
easily. We , th e r e f o r e , t r y  to assis t  the throug h ad verse conditions with the fast
mech anic by keeping the fas teners  within a shifting that was requi red  to keep the ma-
reasonable range of sizes. W e pr e f e r  t o chine rolling. Before completi ng the f i r s t
kee p the smallest  sizes of fasteners used day of such test ing,  he com plained that as a
for  joining or m ounting parts on the equip- res u lt of that  gea r sh i f t ing his hand looked
ment at 3/8  inch diameter , but do tolerate more like hamburger.  He had already con-
sizes down to 1/4 inch. Smaller diameter chide d that there must  be some way to im-
fa steners  ar e used only inside small corn- prove that condition , and very  sho r tl y the re-
ponents where anything larger would be af ter  he found ways to do so.
impractical. The same techni que is used in checking

ease of maintenance , with the test engineers
BALANCE IN THE PROCESS OF DESIGN sometimes invit ing the designer to come out

and demonstrate f i r s t -hand  how the servic ing
After our design engineers develop a new is to be readily done in the field. The de-

concept , based on our experience with similar signer often re tu rns  quite greasy,  but con-
equipment , it is r eviewed. All interests  of vinced that he has another problem to solve.
the company are represented , including many We do not have time this morning to con-
departments who are close to the operations sider the many other human factors that we
in the field. They are thus m a  good position know we must recognize in product design.
to conf i rm that the human factors of concern  No doubt there  are areas that you could
to the use r s  have been given the des’red point out that have been overlooked or neg-
consideration in the new concept. lected to date . Some of you can like ly predict

Yet , the most important contribution is additional considerat ions  whichwi ll  influence
made if the designer can adequately puthim- our fu ture designs .
self in the role of the operator. t is par- Besides the human factors , we must also
ticularly necessary  that the design engineers  be concerned with performance and machine
be familiar with that type of equ ipment , how dependability . The probability of machine
it will be u sed and the sequen ces , methods failure is related not only to the quality of
and cycles that are employed in its opera- design and cons t ruc t ion , but also to the corn -
tion. Our designers observe earthmoving plexity of the equ ipment. Since the prob-
jobs in the field to keep in touch with today ’s ability of some fai lure  occurr ing  increases
requirements and techniques in the hauling rapidly as the machine incorporates more
and construction business.  They also oper- parts , it is desirable to keep the equipment
ate such equi pment on our proving ground just  as simple as possible . Simplicity and
and in the field.  Additional information is reliability are , of course , of tremendous
fed back throug h field engineer ing,  service importance in mil i tary equi pment .
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The product we design is merely a tool to unnecessarily complex (and low in relia-
extend man’s capabilities . The operating bility as a resul t)  just  to relieve the operator
personnel must be recognized as the key of some functions that he could readily
part of the team. The machine design should handle. However , this latter position may be
use the human capabilities as well as the qualified by customer preferences .
machine ’s character is t ics  to provide a
anced working unit.  In the final analy sis , our success or fail-

On the one hand we maintain that the full ures  in develop ing successful product de-
vehicle performance should be attainable signs of high performance equipment depends
without more than reasonable effort  and upon our securing the desired balance be-
application by the man. At the same time , tween machine dependability and the human
we insist that the equipment should not be engineering factors.
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A. LOW AND HIGH LIGHT LEVEL ELECTROV IS~JAL PROBLEMS by Morton L. E. Chwalow ,
Frankford Arsenal , Philadelphia 37 , Pa.

Signif icant  progress  has been made in the EVE equi pment was s u c c e s s f u l l y used by
past two yea r s  i n extendi ng night fi r e cont ro l  the Sub ma ri n e “U .S.S. Skate ” on i ts  epic
capabili t ies to the darkest  conditions of sub-polar  voyage to view through the s u r f a c e
i l luminat ion via the use of e lec t rovisual  ice l a y e r s  f rom depths of as great  as 400
equi pment.  Fur thermore  there  is a growing  f e e t , for the purpose of su r fac ing .
need for the use of e lectrovisual  aids for  Ef fo r t s  to provide a u se r  te st  t ank  proto-
daytime batt lefield use, ty pe have bee n u nde r way si n ce the f a ll of

F rank fo rd  Arsenal  has been act ivel y en- 1959. Del ivery  is scheduled for FY 61.
gaged in e f f o r t s  d i rec ted  toward the accom- The in t roduct ion of nig ht f i r e  cont r ol elec -
pli shment of passive ni ght f i r e  control under  t rovisual  equi pment in vehi c les i n t r o d u c e s
project  DA 511-02 -062  commonl y called s ign i f ican t  human factors  eng inee r ing  prob_
Project EVE.  le ms.

Studies conducted dur ing  1956 and the ear l y In the f i rst  place no d i scus s ion  of big ht
part of 1957 indicated that a wor thwhi le  ap- f i r e  control sys tems  requi r ing  the amass ing
proach to the problem lay i n the d i r ec t  modi-  of information for periods of even a few
fication of s tandard  te levis ion picku p tub es seconds , can be he ld wi thout  f i r s t  s t a t ing
and the s trai gh t - f o r w a r d  ex tens ion  of s tand-  that such a requ i rement  is bas ical l y unde-
ard  televis ion techniques. The advent  of the sirable . In a sense , all the immedia te  and
Z5294 image or thicon p icku p tube ea r ly in ad va nced r e sea rch  and development e f f o r ts
1958 substant ia ted  this approach . Fur ther  to increase  pickup sens i t i v i t y  are  d i r ec t ed
e f f o r t s  s ponso red by Frankford  Arsenal  have toward  the e l iminat ion  of any need for
resulted in the Z 5396 tube of much g re ate r  s to ra g e.
se ns i t iv i ty .  The need f or storage requi res  the inser t ion

The in t r i n s i c  sens i t iv i ty  of the tubes em- of a f l icker  e l iminator  in the sy s t em in o rde r
ploy ed has been inc r eased by a factor  of to offe r an u n i n t e r r u p t e d  display to the op-
mo re than twenty  and increased capabi l i t ies  e r a to r . This adds cons iderable  co mplex : t \ .
fo r the amass ing  of e n e r g y  with minimal  However , the need fo r storage can be t raded
loss of resolut ion have a lso been a t t a ined ,  off wi th the speed or f - n u m b e r  of the opt i c a l

The pickup tubes r e f e r r e d  to in the above sys tem.  Viewing an object u n d e r  any condi-
pa ragrap h are dimensiona lly and functionally tions of i l lumination requi res  hig h qual i ty
ide ntical with standard image orthicons and magni f ica t ion  suff ic ient  to provide an image
can be made available in product ion q u a n t i -  with adequate in fo rmat ion  so that , in the
ties f r o m  at least two sour ces , ca se of f i r e  cont r ol , a gun ca n be laid on it

In late 1957 work  was started on tank with the required  accuracy .  In the case of
lash-up  equi pment. Tn is  equipment im.  the ex i s t i ng  and readi l y producible com-
mediate ly became the workhorse  of both the ponents , the following table shows typ i ca l
labor ator y and the f ie ld , amassing t imes  r equ i red  for  a va r ie ty  of

Its purposes were to prove the feas ib i l i ty  optical systems .
of the E VE appr oach , to aid in the de t e r -  The fi gures  are based on the experi-
minat ion of desi gn techni ques an d p a r a m e t e r s  mentally-obse rved data obtained with the
fo r fu tur e equi pment and to indica te  f u t u r e  lash-up.
operational requirements .  The f igures  in the table below are conserva-

The pickup tubes noted above have demon- t ive , t h e y  a r e base d on obse r vations with the
s t ra ted , that even wi th in  the l imitat ions of l ash-up ,  at best  an old sys tem, ope rat ing
lash-up type equipment (incorpora t ing  1/ 2 below peak e f f i c i ency ,  and inc orpora t ing  a
opt ics) ,  ni gh t - f i r e  control is possible under patched-up f licke r eli mina tor . New test
any condit ions of so-called s t a r l ig ht ill u- gear is scheduled for del ivery dur ing the
mination yet encountered with no more than summe r of 1960 and the above obse rva t ions
five seconds storage time 1, will be repeated.

Impr oved field an d la bo ra to ry  te st equip- The table shows that by using low f-num-
ment is scheduled  for de l ivery  d u r i n g the be r optic al sy stem s we a r e app roaching the
summer  of 1960. point where f l i cker -e l imina to rs  may become

Field of Focal
Range View Length Diam. Time in Seconds
(yds)  (°) ( Inches)  (Inches)  f / n  Z52 94 Z 5396

1000 5. 5 x 7.3 10 5 f / 2  5 2 .5
1000 5.5 x 7 ,3 10 10 1/1 1.25 0.63
2000 2 .25 x 3,65 20 10 f f 2  5 2 .5
2000 2 .25 x 3,65 20 20 f / I  1, 25 0.63
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unnecessary ,  pa r t i cu la r l y when one considers  Present  EVE sys tems  have r e so lu t ion
the use of pe r s i s t en t  phosp hor mon ito r s . The capabi l i t ies  of 600 and 800 TV lines in the
human f ac to r s  involved in us ing  a rapidl y tank .  TV Sys te ms h a v i n g  1200- line  re solu-
f l i c k e r i n g  s y s t e m  for  n ight  f i r e  control mu st tion , have been cons t ruc t ed  in the labora tory
be evaluated , wi th  existing image or th icons .

Another  human  f ac to r s  engineer ing  point Ef fo r t s  to develop a min ia tu r i zed  image
mus t  be made in t h i s  d i scuss ion.  The use of orthicon will  be inaugurated in ear l y F? 61 .
magnif ica t ion mus t  l imi t  the f ield of view . Miniatur izat ion of the image orthicon is in
The field of v i ew r e q u i r e m e n t s  for var ious  i t se l f  desirable , but more important , if
types of f u n c t i o n s  f r o m  sea rch  through gun successfu l , it may provide for i nc r ea s ing  the
lay in g to d r i v i n g  ni~~st u n d e r g o  ser ious  s tudy,  overal l  resolution capabili t ies of the 1. 0.

The f ie lds  of v i e w  expressed  in the pre-  type tube and which would make possible sys-
cedi ng table arc  th ose  assoc ia ted  with equip- tems with wider  fields of view and corr e -
ments capable of accomplishing gun laying sponding smal ler  objective optics.
wi th a ccu rac i e s  equal  to those available in In de l iver ing  this  paper the at~emp t has
p resent day light f i r e  con t ro l  sys t ems .  it is been made to report  to you the s ign i f i can t
understood tha t  the ’ commanders  s e a r c h f ie ld s  gains  made dur ing  the past two years  in
can be at least  double those shown , and attaining nig ht f ight ing capabi l i t ies . partic-
d r i v e r s , i t  f oum -i -i d e s i r a b l e , as large as r e -  ular l y under  the a p p r o a c h  of pr oject
quired , Fu r t h e r , if shor te r range operation EVE.
is r e q u i r e d , s imi l a r re m ar k s  app ly. Tech-  It is well known that the approach taken in
nical l y the above denotes that for the corn- project  EVE has s t imula ted  si g n i f i c a n t  gains
mande r , fo r  e ’cami le , opt ics of about half over a compara tively short  period of t ime .
the focal  l e n g t h  and a p e r t u r e  d i a m e te r  with In closing, howeve r , it is wel l  to s t r i k e  a
equal  hg }it g a t h e r i n g  c a p a b i l i t i e s  than  that  cau t ionary  note. The Ordnance prob lem of
sp e c i i i e d  ~n the  a b o v e  t able can be used with providing passive nig ht fir e co n tr ol at lowest
the e l e c t r o v i s i - t i  co mponents  now readi ly  condit ions of i l lumination is pr ime ; the t e ch -
avail able,  ni qu e used to acco m pli sh this  purpose is

It is noted  tha t  the t echn ica l  step which  secondary and dependent  on a var ie ty  of
must be t a k e n  to i n c r e a s e  the f ie ld  of view cons ide ra t ions ,  Cont inued  r e s e a r c h  on all
and , si m iltaneou~,lv , r educe  the size of the approaches  d i rec ted  toward  accomp lishing
opt ica l  a p -  r t u r e  fo r  both the commander  the basic Ordnance  purpose  is ind ica ted .
and th e  gunn- - i- is the developmen t of pickup The in t roduc t ion  of any e l ec t rov i sua l  equip-
un i t s  in h e r e n t l y capable of g r e a t e r  resolut ion ment br ings  wi th  it i ts a s soc ia ted  h u m a n
wit h the m a in t e n a n c e  of hig h con t ras t  over fac tors  eng inee r ing  problems . Some of th es t -
the e n t i r e  image p lane. If cascaded  image have been pointed out in th i s  paper.  Mo re
in t e n s i f i e r s  a re  used , ma gnetic focus must impor tant  is the s t imula t ion  of yo -.ir t h i n k i n g
be emp lo yed and p rov i s ions  must be made on the human fac tors  eng inee r ing  p rob lems
to o b t a i n  m-ia1r~ ,im gain  per stage to mini- associated with the app lic ation of such  equip-
rnize the r e q u i r e d  number  of s tages . ment.

B. DETECTION OF RANDO M LOW-ALTITUD E JET AIRCRAFT BY GROUN D OBSERVERS
by W i l l i a m  Wokoun , U. S. Army Ordnance Human Engineering Laboratories . Aberdeen .
Pro v ing Ground , Md.

I’ d like to tell you , today, a l i t t le  bit about we do to make him jus t  as e f f i c ien t  as pos-
the ae rial detect ion st u dy which the Human sible ? The a n s w e r s  to these ques t ions  were
Eng inee r ing  Laborator ies  conducted out at things like f inding the best  search  p rocedure
Gila Bend , A r izona , last September. - - the best optical aids for a given s i tua t ion

The basic question we t r i ed  to answer was - - or f inding a way to pick out the peop le who
F t h i s  -- how well can an unaided man , without can do this kind of job b et t e r t h a n  the average

any special e lec t ronic  or optical equipment , man . But the man was still a n e c e s s a r y  par t
detect  a i r c r a f t  that are coming in toward of the scheme .
h i m ?  Now of course  this question isn ’t Today the question is d i f ferent . Now we
b rand new . Peo ple have been interested in have a choice -- we can still try to detect
what happens when a man goes out and looks aircraft  by havi ng a man look for them - - but
for planes for a long t ime. But the emphasis in addition , we have very effect ive  electronic
has shi f ted  quite a bit over the years.  For equ ipment which may pick up a i rcra f t  much
examp le , dur ing  World War II , the man might better than a man could , but which may pose
have been the only way you had to detect some other problems -- such as cost , wei ght ,
ai rc raft . There wasn ’t any al ternative , be- maintenance , and the like. Because of fac-
cause electronic detection devices hadn ’t tors like this , the man may sti l l  be the
arr ived on the scene yet . The problems then best choice - - provided he can per form as
centered around the question of -- how can effect ivel y as the rest  of the sys t em requ i re s
we optimize the man’s search? What can him to . And this is wh y our basic question
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ar ises .  Before you can say w h e t h e r  or to cover the 360 d e g r e e s  -- so each man
not the unaided man is “good enoug h” at would be w a t c h i n g  fo r  pla nes in j u st  one small
detect ing a i r c r a f t  -- you have to f ind  out jus t  sec tor . Tact ica l l y, it see ms like e i ther  one
how good he is. of these  e x t r e m e s  mig ht make sense. in flat

Of course , the fi rs t  p lace that  you st a r t  t e r r a i n , you mi ght ve ry  well have one man
looking for  informat ion about what  the man s e a r c h i n g  360 degrees . And , on the other
can do , is in the profess ional  l i t e r a t u r e , hand , so me p laces ther e ’s onl y one reason-
And because this  problem has been around able course for  a i r c r a f t  touse  - - MIG A L L E Y
for some years , in one form or another , you was a good examp le. So it ’s very  impor tant
might  expect  the l i t e ra tu re  would contain an to know what  e f f ec t  sec tor  size has -- because
an swer . Surpr i s ing l y, this isn ’ t the case.  j u ’~t by chang ing  the size of the team , you
Ea r l ie r  work  in the area , as we ’ve just seen , mig ht be able to improve its detection
was aimed mostly at improviflg the man ’s capabil i ty  quite a bit.
per formance  -- ra ther  than f ind ing  out just  W i t h  a variable like the size of the sea rch
how well he did perform.  T he r e ha ve bee n secto r , it see ms logical to say that -- there
some studies more recent l y tha t  t r ied  to is some best search sector size . . . and

• pi npoint the ranges of which  a man will  de- that if you have a man sear ch a b igger  sector
tect a i r c r a f t . But what  gene ra l l y happened -- or a smaller sector  - - his performance
in th ese s tu dies , we felt , was th at the sub-  will  be degraded somewhat . You can see
jects knew a little bit too mu ch about when wh y this would happen. if you give a man too
and where a i r c r a f t  would appear . Obviousl y, bi g a sector  to s ea rch  - - chances are he ’s
if the observer  knows about when an a i r c r a f t  not going to be able to cover it too well . He
is due - - and approximately whe re it’s corn- can only look i n one d i r ec t ion  at a time - -

ing f rom -. his job becomes a lot eas ier .  and if he ’s looking in thc wrong  d i rec t ion
His job c o-aId become so easy that  all he has when a plane comes in , he may n ot spot the
to do i s set his alarm clock -- remember  plane unt i l  it ’s ve ry close. But if you give
where to look - - and he ’ll sight all the a ir-  the man too small a sector , he ’s apt to get
c raft when they ’re 10 ,000 yards or so away. bored -- jus t  not pay close attention -- and
But this  kind of information doesn ’t tell us who can blame him a ft e r  he ’s been s t a r ing
much abou t what ’ll happen in a tactical sit- at that  same t ree  on the horizon for an hour.
ua t io n. A g g r e s s o r s  are sneaky c r itte r s , and The important th ing,  then , is to samp le a
some peop le eve n thin k the y ’ re downright  wide  range of sector  sizes - to f ind the
d i f f i cu lt .  They jus t  don ’t co-operate - - they range where detect ion performance will  be
t ry to sneak up on obse rv ers -- c me in at best , We did this by sampling fou r sector
an unexpec ted  time f rom an unexpected sizes -_ 360 degrees , 180 degrees , 90 de-
di rection , if they can. And if we want to grees , and 45 degrees  -- and then pu t t ing
fi nd out how well an observer  can deal wi th  enoug h men at each s i te  so that , among them ,
these  sneaky- type  tact ics , the a i r c r a f t  in the they covered the ent i re  360 degrees.  For
exper iment  have to be sneak y,  too , example , a t the fir st site , the re was one F

L Now the s i tuat ion where  a man goes out to lone man who was responsible for search ing
p look for a i r c r a f t  -- that are t ry i n g  to outwit  the entire 360 degrees .  At another  s ite ,

h im -- is plumb comp licated. T he r e a re all there we r e two men , each searching 180 de-
kinds of va r iables . And when you make a grees. Then four  men , each sea rch ing  ~0
list  of the var iables  and th ink about them a degrees.  And , finally, eig ht men , each
while - -  you keep say ing to yourse l f , “Gee searching  45 degrees .
whiz , all of these things make a d i f fe rence  -- Now as you recall , thy second experi-
they ’re all important , ” Real i s t ica l ly, tho , mental variable was a i rcra f t  a l t i tude.  How
you just can ’t st udy very  many variables in high a plan e is - has a lot to do with how
any one expe r imen t . Each var iable  has to vis ible  it ’s going to be. Even when we
be randomized or counter-balanced against  ignore the fact  that t rees  and such like will
all the other var iables  - - and this means mask out a very low plane - - the low plane
tha t , for every new variable you decide to is apt to have a terrain background , where  a
study,  you have to about double the number hig her a i rcraf t  will have a sky or cloud
of observations. So - - out of this  tangled background . If we ask what altitudes ag-
basket of snakes - - we have ex t rac ted  two of gressor  jets  would probably use for attack
the variables  that seemed most s ign i f i can t  - - missions , some of the information we have
f i r s t , the size of the sector the man has to on tactics points to low-altitudes - very likely
watch - - and second , the altitude the a i rc ra f t  2000 feet or less . The altitudes used in this
is coming in at. study were 500 feet  and 1500 feet  above

So fa r  as sector sizes go -- we can point out t e r r a i n .
the two extremes immediately. On the one Let ’s consider for just a moment  the area
hand , you could have a man watch the entire where  this stud y was done. Out in darkes t

-
~ 

. horizon - - all 360 degrees - - and make him Arizona , about halfway between Phoenix and
responsible for sight ing any a i rc ra f t  that Yuma , is a pic turesque little oasis entitled
comes in f rom anywhere . Or you mi ght assign Gila Bend. Our test site was located about
a whole bunch of men - - working as a team - - 8 miles southwest of the town of Gila Bend ,

- 
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at an Air Force emergency landing field , signif icant  hear ing loss - - because it ’s quite
The Center  of the experimental  complex was possible that , when a plane comes in close
what we called ‘‘Ground Zero ” - which was and you ’re looking in some other direct ion ,
at the ramp area of the field.  The four test you mi ght hear  it before  you can see it. The
si tes were e igh t - ten ths  of a mile from men selected had essent ia l ly normal  hea r ing ,
Ground Zero  - - in the directions north , ea st , too ,
west  and south . The da ta- repor t ing  networks The subjects ’ i n tel l igence tes t  scores were
ran f rom each site - th ru  Ground Zero - to also checked. We could make a pret ty good
a data van some five miles away.  The t e r ra in , guess that intel l igence would be an important
as y ou p robably know , was essential ly flat in variable in a i rc ra f t  d e t e c t i o n - -  because here ,
all d i rec t ions  for at least 8-10 miles - and again , chance s ar e that the r e is so me one
the at mosphere was consistent ly clear dur ing intelligence level which  will do a job like
the t ime the study was conducted, thi s best. Chances are  that if you get men

As we ’ve alread y seen , it ’s quite important who are too bright  for the job , they ’ll be
that  the a i r c r a f t  appear at random intervals bored and their  ef f ic iency will suffer .  Or if
and f rom random p laces . First  of all , the the men are too dull for the task , the y ju st
ti me between passes had tobe  randomized -- won ’t quite be able to cope with what they ’re
because if not , the man would stand the re  and supposed to do . However , we we ren ’t able
he would v e ry  soon f igure  out that planes to invest igate this variable sys temat ical ly --
come by every  five minutes , say - or that a that would be quite an ex te n siv e st u dy by
plane comes e v e ry  1 5 m inutes . Once he itse lf - - so we held intelligence r oughly con-
knows this , he c an detect planes much better  stant  by picking subjects who had GCT scores
than he could in a tac t ica l  si tuation.  So we between 90 and 120 -- roug hly the m iddle
varied the time between f l ights  in a random average range.
m a n n e r , Sometimes it was five minutes  or Now -- even tho these subjects were  se-
le ss when a second p lane ca me by - an d lected quite careful ly - - they still weren ’t
so met imes  it was as much as two hours  equivalent  by any means . That is , man A was
la ter . This f orced the subjects to kee p not exa c tly like man B , and ne i the r  of them
sea rching,  bec ause they never  knew when a was like man C. So , for this reason , it was
p lane wou ld be g in its approach, necess ar y to r ota te the m en a roun d to all of

Now it ’s also important  to randomize the the sites -- so that all of the men were  tes ted
courses  that  the a i r c r a f t  approach on. What  at each site -- and no man spent more time
we did was to select  a ser ies  of six approach at a site than any other man did . This way,
co ur ses which we r e sp read pre t ty  much we know that whatever  resul ts  we get a ren ’t
ra ndomly around the compass.  Each one due to the fact that some one man - who may
passed d i rec t ly over Ground Zero . Since we be better at detecting pla nes wherever  he is -

sc heduled twelve f l ights  each day, each was at one site all the time.
course  was flown twice -- once at the 1500- To give you a little bit bet ter  feel for  what
foot altitude , and on ce at the 500-foot alt i tude , happened -- here ’s what would happen on a

A n o t h e r  source  of var iat ion was a i r c r a f t , typical  test  day.
So we could collect some data on accuracy of Some time about 6:30 in the morning,  the
i den t i f i ca t io n , three type s of jets were  used men were taken out to Ground Zero . They
-- T-33’ s , 1-86’ s , and F - l O O ’ s, The typical were given sun glasses , and copies of a
day ’s schedule called f or four flights of each , si lhouette char t  to hel p them identif y the
in a random order ,  thr ee typ es of jet air craft . Then the men

Aircraf t  speed was held constant  at 400 formed into groups and were taken to the i r
knots -- not because we felt  a i r c ra f t  speed assigned si tes , whe r e they starte d looking
wasn ’t important , bu t bec ause only so many for planes.
things can be varied at one t ime.  As a p lane approached , a subject at each

Finally, the select ion of subjects is a very site detected it somewhere  along the Line.
important matter . The approach he re was As soon as a subjec t  sig hted a plane , he did
that -- sinc e only a small number  of subjec ts  two th ings :  he pressed a pushbut ton in a
would be used -- 15 each week during the small metal  box he was holding,  and he
t wo weeks of the study -- the subjects must called Out “Targe t” . His pushbutton s ignal
be selected carefu l l y so they ’d represent  an was t ransmit ted  back to the data van. There
average or “normal” population , it s tar ted a sto p clock , and made a mark  on a

We gave them Or tho-ra te r  test~ to see pen recorde r . Then , as the air c r af t passed
what thei r visual e f f i c i ency  was. It measured over Ground Zero , an exper imente r  t h e r e
the i r  near acuity , the i r  far  acuity,  tested pushed a s imilar  button to stop all the
them for color vision , de pth perception , and clocks - and make a special mark on the pen
so fo rth. From the l a rger  group that  was r eco rde r . And , of course , f rom this inforrn a-

• t es ted , we se lected 30 subjects  who had t ion -- knowing the courses , knowing the air-
vis ion that was essent ia l l y good normal  - - cra f t  speed; and the t imes that  had elapsed - -

say Z0/3 0 or better, we were  able to pinpoint the locat ion  of the
Af t e r  the men had taken Or tho- ra te r  tests , plane , at whateve r time each subj ec t  de tec ted

t h e y  took Audiomete r  tests  to check for  any it. So , in this  w ay, f or each site an d each 
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trial, we were  able to get the distance at planes are  coming in p r e t t y  t h i c k  and fas t ,
which the a i r c r a f t  has been detected,  with onl y a few minutes  in be tween  them - -

Now , we were in t e re s t ed  not only in the or will the man do bet te r  if he has to wa tch
distance that an a i rcr a f t  is detectedat  -- but for  a long t ime in between f l i ghts . Here we F
also in the distance at whicn the man can find that there  is no c lear  t r end . Depending
identify the a i rc ra f t , A s we ’v e alr eady seen , on the size of the search  sector , the rela-
thr ee types of je ts  were  used - - and the t ionshi p var ied quite a bit . For the 360.
subjects  had si lhouette cards to hel p them degree sector , we f i nd  that the man isn ’t
identify the je ts .  When the subject called as efficient when the i n t e r - t r i a l  in terva l  gets
“Targe t ” -- the exper imenter  at the site to be 45 minutes or more . H oweve r , if you
s tar ted  a stop watch . He kept his stop watch have the man watch 180 degrees , you f ind
running  unt i l  the subject told him what kind that his eff ic iency is g rea te r  alte r half aT.
of plane it was. Then he st opped his watch -- hour . With a 90-degree search sector , ef-
to get a time required  for identification. And f ic iency  seems to be a little g r ea t e r  where
of course , later on , knowing the course and there ’s a long e r time between pla nes. But --
aircraf t  speed , we were  able to determine just  revers ing  this -- as the search sector
jus t  what point this occurred at -- as well as gets still smaller -- 45 degrees -- you find
how accurate the subject was in identif y ing the man is most e f f i c i e n t  dur ing  the f i r s t
the plane. half hour or so. So it ’s a little ha r d to tell

So much , then , for the f i r s t  trial of the day. jus t  what this ef fec t  is.  It is important , tho ,
During the rest of the day, another 11 fli ghts I think , to note that -- in contrast  to some of
we r e scheduled -- altho the total did v ary the vigilance stu dies tha t have bee n done in
slightly from day to day, if f l ights had to be radar situations - - the man ’s per formance
cancelled for safety reasons. And during doesn ’t necessar i ly s e e m  to de te r io ra te
this day, each subject served at three  different  rapidly,  just f rom accumulat ing t ime on the
sites , since as we ’ve already seen , he was job .
rotated among them . Cross-range is a rather in te res t ing  van -

Well, what did we learn from all this ? able. Cross range , of course , is the dis tance
Let ’s look at so me of the r es u lts , at which the plane comes closest to an ob-

First  of all , the effect of the size of the s e rve r .  We hadn ’t originally planned to
search sector.  We found here that the greates t  ana lyze the data by c ross-over  range -- we ’d
detection dis tance -- what you mig ht call the p lanned to have the planes come jus t  as close
best dete ct ion -- wa s wit h the two s mallest in ove r each of th e site s , a s we could. How-
secto rs. The mean detection distance was ever , as you ’ve seen , because of the physical
something like 2800 yards with a 90-degree set-up,  there was s o m e  c ross - range  -- A

sector -- and a li t t le bit more (roug hl y 3000 because each site was BROths  of a m i l e f r orn
yards)  with a 45-degree sector. Where  the Ground Zero . So since quite a number of
search sector  is larger  -- 180 degrees  or the peop le seemed interested in this effect , we
full  360 degrees  -- the mean dis tance is broke the cross-over ranges down into three
about 2 150 yards.  groups. With a cross-range of about 400-SO0

Secondly, what effect  did the alt i tudes have yards , we get a mean detec t ion distan ce of
on detection dis tances.  Here the bet ter  de - something like 2100 yards .  Now , as the c ro ss -
tection ranges -- that is , grea ter  detection over range goes up, to abou t 850 yar ds , so
ranges - - were  at the low alti tude. . .and , does the detectior istance -- you get better
sometime s with the s ma lle r sea r ch se c to r s , dete ctions , and the men will p ick up a plane
the low al t i tude mean would be as much as something like 3300 ya rds away. But in-
600-700 yards  be t te r .  At the low al t i tude , te r estingly enough , if you increase the c ross -
the group that watched 45-degree sectors  over range a little bit more than that -- up to ,
gave the best pe r formance  - - they had a say, something li ke 1300 yards -- the detec-
mean distance of about 3250 yards -- but they  tion range goes down to about ~500 yards .
we re more va r i ab l e , too , because they had The same kind of analy sis could be done for
about twice as many complete misses as at the identif icat ion data - - that is , tellin g what
the 1500-foot altitude. At the hig her altitu de kind of plane it is. Here  we find that - - with
-- 1500 feet - - t h e  best groups were  those a 400-500 yard cross range - - t h e  1FF will
watching 45 degrees  and 90 degrees . They be given at about 1000 yards .  If we increase
had a mean detection distance something of the cross range to about 850 yards , the 1FF
the order  of 2650 to 2750 yards. And again , dis tance goes up somewhat - to about 1400
the groups watching 360-degree and 180-dc- yards .  And if we increase it still rn~~~ - to
gree sectors  didn ’t do as well . They had a 1300 yards - the 1FF distance will  go up
mean detection range of about 2000 yards . slightly more - to about 1450 yards .  How-

Something else which we ’d be interested ever , you have to note here - that the 1FF is
in , of course , is the effect on per formance  close in each case to the cross-ove r point --
of the in te r - t r i a l  interval .  Now by in ter -  and there  doesn ’t seem to be any evidenc e ,
t r ial  in te rva l , we mean: how long it ’s been real l y, to indica te  that you ’ll get a better 1FF
since the last plane came over . In other d is tance  with a g rea te r  c ross -over  range.
wo r ds , will a - man per fo rm bet ter  when It seems to be more a matter that - - as
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c ro ss - o~ t’r i n c  r c a  s e  s --  the p lane ~~~~~ j  g u i sh a b l e  f r o m  e i t h e r  an F - h t i  or an 1-100 .
co me in c lose r  than a ce r t ain  point , no The T -31’ s two wing  tanks  a r e  a dead g i v e  -
mat te r  how long it  takes the subject  to away .  H o w e v e r , the 1-86 and the F -  100 are
ide ntif y i t . p r e t t y  easy to confuse -- as t h e y  come in di-

Another  i m p o r t a n t  va r i ab le  is 1FF ac - r e c t l y towa r d you , the s i lhouet tes  are  a lmost
c u r a c y .  The man ’s e f f e c t i v e n e s s  depends ident ica l . And the r e su l t s  on 1FF a c c u r a cy
not onl y on de tec t ing  a i r c r a f t  - but on id en t i -  para l le l  the s i m i l a r i t i e s  b et a e e n  the pl anes .
tyi ng them - and iden t i fy ing  them c o r r e c t l y.  The T -3 3  is  i d e n t i f i e d  accu ra t e l y 97 . 1% of the
We found an overa l l  1FF accu racy  of some - time , or p r a c t i c a l l y a l w a y s .  V e r y ,  ve ry oc-
thing like 80% -- to be exac t , 81 .6%. We casior ia l ly  it was confused  wi th  an 1- 100 --
t ried to b reak  this down , the n , to fi nd out but th i s , of cou r se , was q u i t e  r a r e .  The
what  ki nds of th ings  a f f ec t  the 1FF a c cu r a c y .  1-86 , tho - was i d e n t i f i e d  c o r r e c t l y  onl y
There doesn ’t see m t o be much  eff ect - f r o m  7 5, 7% of the tune  -- roug h l y  the same figure
the size of the searcT ~ s e c t o r . So fa r  as as we get fo r  the 1-100 , w h i c h  was i d e n t i f i e d
altitude , again there  is v e r y  l i t t le ef f e c t . The cor rec t l y 77 , 1% of the t ime . P r i m a r i l y ,  as
important  thing - so t a r  as a c c u r a c y  of 111 -- you mi g ht imagine , the F-86 and the F- 100
appears  to be the type of a i r c r a f t .  . .and we were  confused  w i t h  each o ther .  IF F a c c u r a c y .
had a rathe r in t e re s t ing  combinat ion of a i r -  then , de pends on the s i m i l a r i t y  be twee n the
cra f t  h e r e .  You ’re fa miliar , of c o u r s e , w i t h  a i r c r a ft the sub ject is t r y i n g  to d i s c r i m i n a t e
what  these  a i r c r a f t  look l ike --  and the T -3 3 , - -  the more  s i m i l a r  the a i r c r a f t , the more
as yo u know , i s ver y , ~~~~ readi l y d i s t i r i - e r r o r s  the subjec t  wi l l  make.

C. A PRELIMINAR Y INVESTIGAT K~N OF C LOSED CIRCUIT TELEV ISION VEHICLE DRIV-
ING by 1st LI . Gene L . B r ow n , U. S . A rr n~ Ordnance Human  Engineering Lab or at - r ies .
Aberdeen Proving Ground , Md .

Exp loded with the “Atomic Bomb’’ on 6 r easor,~ . Fi rs t , i ts f l at bed pe rmi t t ed  the
Augu s t  1945 , we re the concepts  and con-  a t tachment  of any d e si r e d  su p e r s t r u c t u r e
ve ntional designs of many of the weapons of n e c e s s a r y  fo r t e s t i ng .  Second , a ny n u m b e r
war . Not the least  of these to be a f fec ted  of courses  of d i f f e r e n t  p a t t e r n s  and v a r y i n g
ar e the ta nks , lon g t ime “wo r k ho r se ” of t e r r a i n  could be used s ince it s low ground
the Army.  If tanks a re  to r e m a i n  an op- p r e s s u r e  made a c c e s s i b l e  many a r e a s  not
erat ional  arm of the se rv ice  they m i s t  be n or m a l l y open to heav i e r  or t racke d v e h i c l e s .
ca pable of func t ion ing ,  ia.e nt ional l y or o t h e r -  Th i r d , it could be dr iven  by anyone capable
w i s e , in radiologicall y ‘‘hot ” a reas.  To pro-  of hand l ing  a s t andard  s hu t  v e h i c l e .
tect c rew members  of these veh ic les  f r o m  the Cont ro ls  of the Mul e were  m o d i f i e d  to be
ill ef fects  and consequent r e su l t s  of exposure  compatible with f u t u r e  t es t s  and to a l low
to ra di ation , some radical  depar tu res  f r o m  adequa te  room for  the  t e l e v i s i o n  e q u i p m e n t .  F
p rev ious l y adequate convent iona l  tank design S t ee r ing  wheel , br a kes , and a c c e l e r a t o r w e r e
are  now necessary .  Beca use of the radio-  rep laced by a “ j o y s t i c k ’ ’ and the c l - ,t c l
lo gical  p roble m , the “ seeing ” capabil i t ies of changed f rom a foot r e l e a  s to a hand release
a vehic le  operat ing comple t el y “bu t toned-up” mounted atop the s t a n d a r d  H type sh i f t .  1 h e
becomes a new and intr icate problem . A joys t i ck  was used in the fo l lowing  m a n n e r :
periscope designed to pierce the hull , and at Acce le ra t ion  was obtained by pushing the
the  sa me ti me pr ov ide radio log ical protec-  s t i ck  fo rward , b r ak ing  by pu l l in g to th c  r e a r
tion , has many unavoidable def ic ienc ies  not and s tee r ing  by left  and r ig ht mot ions  of the
previousl y encountered . In addition , the stick.
opera tor  is still subjected to possible eye All television equi pment ut i l i zed  was com-
damage f rom blast f lash . mercial ly available and consis ted of the

following components .  A v id icon  camera  was
rigidl y mounted at approximate ly  eye level

PURPOSE and jus t  to the r ig ht of the operator ’s head.
A ~~

“ focal  le ngt h lens was used p e r m i t t i n g  a
The use of te levision for visual contact horizontal  field of v iew of 450 and a ve r t i ca l

with the outside , though seeming to be the field of 37°. For use a s a  monitor , a regu la r
answer to many problems ori ginating with 17” home portable television r ece ive r  was
radiological protection , introduces new prob - mounted approximately 17” from the d r i v er ’ s
lern s for  which tank d r i ve r s  might not be able eyes  at a viewing ang le of 30 0 below the
to compensate. Therefore , the Human En-  horizontal . The monitor  was powered by a
gineening Laboratories initiated a study to standard Signal Corps Power Uni t  (PE7 S) .
de termine  the feasibi l i ty of such a dr iving An i nve r t e r  with an output of 115 V AC
t echniqu e. served as a power source for the camera

The Army Mechanical Mule (M2 74)  was which requi red  a more stable input than
selected as the test vehicle for three major could be obtained f rom the generator .

~11
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Since fami l i a r i ty  with t e r r a i n  ,and road patterns and close quar te rs . Another prob-
condi t ions  was a defini te  advantage to the lem was that of premature  maneuvering when
d r i v e r s , each specif ic  phase of the study had negotiat ing cu rves .  This was partially con-
its own course.  rected through t raining and could pr obably

Course #1 was a secondary road with ad- be eliminated by adding pan and tilt capa-
joini ng t ra i l s . Since it was relat ively easy bil i t ies to the camera.
to negotiate and at the same time required The vidicon tube in the camera was dam-
maneuve r ing  of the vehicle , it was chosen as aged when subjected to direct sunlight. This
the course for fami l ia r iz ing  the subjects  with was prevented by placing a shield over the
the v ehi cle ’s controls , camera and a filter over the lens , Ther e is

Course #2 was one requir ing precision also , a definite need for an automatic ir is
driving by the subjects  and cons is ted  of a ~ to compensate for changing light conditions.
mile circular course ending with a land of
f lag-t i pped stakes. E a c h dn i v e r w a s  required
to complete the c i rcular  portion four times
and each of the la nes once, SUMMARY

Course #3 was a secondary road with a
t ra i l  throug h a wooded ar ea and ac ross an I would like to emphasize that this was a
open f ie ld . In general , the t e r ra in  was level prel iminary investigation to determine the
with v e ry  we t , mudd y trails containing deep feasibility of such a driving techn ique. In-
ruts . For a vehicle of thi s ty pe as modified , it ially, the subjects were  skeptical of the
the course  was co nsidered c ros s - coun t ry  system; however , alter a few hours of
requi r ing  grea te r  d r i v i n g  skill than ei ther of dr iving their  attitudes changed and they be-
the two previous courses.  came confident in their  ability to control the

vehi cle. One subject felt that with 15 or 20
DISCUSSION more hours of training, he could dr ive  any-

place . We can ’t sha r e this opinion at this
Visual dr iv ing  for the purpose of famil iar-  stage of development; however , we feel the

izin g the subjects  with the vehicle controls sys tem warran ts  fur ther  considerat ion . At-
was conducted on Course #1 . After  l~~hou r s , te ntion should be given to vi r tual  image sys-
each subje ct was confident of his abi l i ty  t ems , hig her  resolut ion sys tems , and s tereo-
adequatel y to control the vehicle in any presenta t ion.
normal  sit uation.  During this init ial  d r iv ing
period , average  speed was recorded as 14 F U T U R E  STUDIES
mph with eac h d r ive r  s tal l ing the vehicle
onl y once or twice.  A requi rement  for  The next step in this ser ies  of studies will
dr iving the Course several t imes  was placed be conducted in a modif ied M-48 Tank. In-
upon the subjects  in an ef fo r t  to fami l ia r ize  itiall y, a modi f ied sup ine d r i ve r ’s position
each wi th  t he t e r ra in  and road condi t ion s ,  wi ll be tested and evaluated.  The second
It was thought tha t the advantage of comparing s tep will  u t i l ize  t e l ev i s ion  as the means  of
known condit ions with the i r  appearance on the obse rva t ion  while opera t ing  the veh ic le  in
monitor mi ght introduce clues for deter-  this position . A 17” monitor  will be mounted
mining  condit ions while t r a v e l i n g  un fami l i a r  approximately 15’ f ro m the d r i ve r ’s eyes.
t e r r a i n  later in the stud y. This  t ime a h igher  resolut ion system will

It is important to note that the t e l ev i s ion  be used in an attempt to p resen t  a more de-
equ i pm ent u sed was comme r ciall y available tai led pictu r e . The ca mera  wil l  be ruggedized
off- the-shell  i tems and was in no way r u g -  and be capable of pan and tilt , w hich will
gedized , E quipment  mounting ut i l ized no ass i s t  the d r ive r  when negot ia t ing c u r v e s .
shock absorbing techni qu es and the “ Mule ’s ” The lens will  permi t  a 53° horizontal  f ield
only res is tance to road shock is its rubber  of vision .
t ir e s . How- - v  ~- r  the e q ui pment successful ly There  wil l  be an automatic  i r is  to com-
wi ths tood  the shoc k and constant  hammer ing  pensate for changing lig ht co nd i t i ons  and a
rece ived  throughout  the stud y without serious fi l te r to prevent  tube damage by di rect  sun-
damage.  Proper shock mount ing and normal  li ght . There  is no provision for dr iv ing
advance ment in the f ie ld  of ruggedized tele - dur ing the hours of darkness ;  however , this
vis ion equ ipmen t , should produce components area is being exp lo r ed by o ther  agencies .
capable  of wi ths tand ing  the road shock and The genera tor  wil l  provide the stable power
constant v i  h r  a t  i o n  encountered aboard a output des i red and the ent i re  sys tem will
t r acked  vehic le , and also provide the op- be shock-mounted on the tank. This equi p-
e rator wi th  a more stable p ic ture .  ment will be subjected to v ibra t ion  and

Exis t ing  problems , such as the loss of shock while the vehicle  is being d r iven  over
depth percep t ion  and color c u e s  dec reased  ex t r eme  t e r r a i n  f ea tu re s .  The data rece ived
i n impor t ance  as the s tu d y pro gr essed . from this series of investigation s will pro-
Throug h exp ’-r i ence , the subje cts learned  to vide us with both basic and r e f i n ed  param-
compensate  for  s u c h  losses , as was shown e ters  of d r iv ing  in a supine posi t ion us ing
by their  j i d gn ent ’. while  d r iv ing  throu gh closed c i r cu i t  te levis ion  as a visual device.
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D. VEHICLE CONFINEMENT STUD~~ S by Samuel A. Hicks U. S. Army Ordnance Hum~~ IEngineer ing Laboratories, Aberdeen Prov ing Ground , Md,

Among cu r ren t  inves t igat ions  being con-  ab i l i ty  to w i t h s t a n d  adve r se  condi t ions in
du cted b y the Supporting Resea r ch  Labora to ry  a rmored  vehic les .
of the U. S. A r m y  Ordnance Human Engineer -  6. “ D ete rm ine methods of me a s u r i n g  the
ing Laborator ies , a major project  has the to lerance of individuals to these condi t ions, ”
purpose of de te rmin ing  the e f fec ts  of pro- It should be obvious f rom these objec t ives
longed conf inement  on the c r e w  and pas-  that th i s  program is an ex t remely broad
se ng e r s of t racked vehic les. Toward this one embracing not onl y the areas  of applied
pur pose , a se ries of s tudies  have been exper imental  psychology and ph ysiolo gy but
ca rr ied f o r w a r d  to invest igate  the effects  of also the areas of pe r sonnel se lec t ion an d
prolonged confinement i n A rm or e d  Personnel t ra in ing .  With  this  in mind , the personnel -

C a r r i e r s  on the pe r fo rmance  of Infantry of the Human Eng inee r ing  Laboratories  have
personne l , a t tempted to come to g ri ps wi th  a gen e r al -

A question mi ght be ra ised  as to why the approach so that the problem areas em-
inte nse in te res t  in this area of r e sea rch?  bracing selection and t raining wil l  be readil y —

This  quest ion is best answered in re ference  available to those agencies  that are cogni-  -
to the dominant  mobili ty concept now stressed zant in these fields.
in the organizat ion of all branches  and serv- Brief l y ,  then the purpose of this paper
ices of the A r m y .  Because of this mobility is to discuss with you:
co ncept  and the associated probability of I. The results  of completed r esea rc h -

opera t ing  u n d e r  the threat  of chemical , in this a rea .
bacter io lo gical or radiological a t tack , it 2. Cu r r en t  r esearch , and
may be necessa ry  for  tr oops t o live and 3 . Plans for the fu ture .  —

f ig ht fo r long periods of time f rom the con- The genera l  approach to th i s  problem
fines  of a rmored  personnel c a r r i e r s  and has been one of invest i ga t i n g the eff ects
other  a rmored  vehic les . T his  an t i c i pated on per formance of gradually increas ing the -

prolonged use of a rmored  vehic les  ra i ses  length of t ime of exposure.  This is done
ser ious  questions as to the ability of the p r imar i ly to avoid the r i sk  of permanently
c r e w  and passenge r s  to wi ths tand  the ad- harming  any of the tes t  subjects . In addi-
ve rse env i ronmen ta l  condit ions present  and tion , the u t i l iz ation of this technique wil l
st i l l  e m e r g e  as a full y e f f e c t i v e  f ig htin g enable the inves t iga tors  in de termining
uni t , r e la t ive  changes due to an increase  in the

In a t t ack ing  this  problem , it was f i r s t  length of t ime of exposure . At this ti me
necessary  to determine what our objectives two studies have been completed inv esti-
were .  General l y, I t h ink  these  have been gating the effects  of 4 and 8 hour confine -
ade quate l y s ta ted  by the U. S. Continental ment periods in a maneuver ing  a rmored
Army Command in a research request dated personnel  ca r r i e r .
22 Augu s t  1958. They are : The ini t ial  stud y in this area was con-

ducted in Janua ry 1960 and inves t igated1. “To d e t e r m i n e  the physiological  and the effects  of 4 hours  confinement  in thepsychologic al li mitation s and capabili t ies of M59 armored personnel car r ie r . The sub-ind iv idua l s  operat ing in tanks and armored je cts consisted of 50 enlisted men of the 
Ipe r s onn el c a r r i e r s for sus tained periods Zd Battalion , 3rd Armored Cavalry Regi-of t ime . ment of Fort George G. Meade , Mary land.2 . “ In o r de r to assis t  in v ehicle desi gn , For experimental purposes , th e subjec t sdete r m i n e  the human l imits  of tolerance were divided into 5 squads of 10 men each ,to t empera tu re , noise level , carbon mon-

ox ide , v ibr at ions , cramping and motionless including squad leaders.  Four squads were
desi gnated as exper i men t al , while one was -Iperiods , shock  f r om hi t s on vehicles  and u t i l i zed  as a control .blast ef f ec t s  f rom atomic weapons. Four courses  were  designed by labo ra-3. “De te rmine  the psychological  and

ph ys io logical  to lerance l imi ts  of personnel  to ry  personnel and used as personnel  test
courses.  These  cour ses are as follows:ope r a t i n g in tanks  and a rmored  personnel 1, Obs t ruc ted-Run  Course , Th i s  tes tc a r r i e rs  under  ideal  wea the r  condit ions as

compared with unfavorab le  condit ions such was desi gned to measure  gross -motor  co-
ordination and stamina. It is a p lannedas rain , snow , heat , du st and periods of cou r se of 22 0 yards  in total length. Thel imi t ed  vis ibi lity. -course  in addition consisted of:4 . “ D e t e r m i n e  what t r a i n i n g  is necessa ry  a, Fou r 10-foot wide d i t chesto increase  the i ndividual’ s ability to op-

e rate in tanks and a rmored  personnel  car -  b, 30 yards of s taggered automobile t i r e s
c . A 30 ya rd banked s t ra ig ht awayr i e r s  f or su stained periods of t ime under

t he pre vious ly listed conditions , d. 40 ya rd s of st agg ered  4 x 4 ’s
e. 30 yards  of 2~ foot hu r dle s

5. “Determine the effect of short rest There was a 10 yard unobstructed area
period s on i nc r ea s ing  the individual’ s be tween each ser ies  of obs t ruc t ions .

:16 
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Z , Grenade -Throw Course.  This course Prior to the adminis t ra t ion of any tes t ,
was designed to measure  ey e - A r m  coordi-  s tandard  instruct ions were  read to all  sub-
nation and cons i s ted  of nine 4- foot  square jec t s .  Af t e r  the ins t ruc t ions  were read and
sand pits and a throwing line 25 ya rds f rom before the f i r s t  t r i a l , a de monst ra t ion  was
the cente r of the t a rge t s .  run by a proctor to show exactl y what was

3. Rai l -Walking Course.  Thi s  course  requi red  on each test .  Scheduling of each
was desi gned to measure  equi l ib r ium.  A tes t  was arranged so that no more than one
s ing le te st patte rn consisted of one rail , 9 tes t  was in t roduced to a squad during any
f eet in Length by four  inches in width , one one work period.
r a i l , 9 fee t  in length by two inches in width On each day that an experimental session -
and one rai l 6 f e e t  in L eng th by one inch in was sched u led , the p r e - t r ea tmen t  session
width .  These th ree rails were  arranged in was given immediately befo r e en t e r ing the
a t r i angu la r  pa t te rn .  The test area con - personnel ca r r ie r .  The lone except ion to
si s t ed  of 9 such tes t  p a t t e r n s ,  this occurred  in the case of the R i f l e -F i r e

4. R i f l e - F i r e  Course .  This course  was Test. In order  to have approximately the
desig ned to measure  rifle accu racy.  It same conditions of i l luminat ion for  the pre-
c o n si s t e d  of 2 banks of M3 1A I  Tra in f i re  and post - t reatment  adminis tra t ion of the p

Targe t  Mechan isms .  Each bank consisted Rifle -Fi re  Test , these measu r es we r e take n —

of 9 t a r g e t s  p laced at d is ta nces of 100 to on successive days . The p re - t r ea tment
150 y a r d s  f r o m  the f i r i ng  l ine and 20 to 25 measure was taken at approximately the
fee t  apar t . The t a rge t s  were  control led same time the post- t reatment  measure was
a nd scored f rom a point behind the f i r ing  to be taken on the following day .
li ne. After  each pre- t reatment session the sub—

In a d d i t i o n  to these  four c o u r s e s , jects  were  loaded on the vehic le,  At this
the T r a c k e d - V e h i c l e - C r o s s - C o u n t r y  T e a t  ti me all means of exit f r o m the v ehicle we r e
Course  was used as the t r e a t m e n t  course , closed and the dr iver  was instructed to open
This  course  is a permanent  proof fac i l i ty  the vehicle  onl y in the event  of mechan ical
at Aberdeen Proving  Ground , t rouble or in jury  to one of the subjects . At

A t r ea tme n t s - by - sub jec ts exper imenta l  the completion of the 4 hour ride , the per-
desi gn was fol lowed throug hout  this  study. sonnel c a r r i e r  re tu rned  to the test area ,
This  desi gn enabled the inves t iga to r  to u ti -  the subjec ts  dismounted and were  imme- -

li ze each subject as his own cont ro l , that  is , diatel y run throu gh the post-confinement
the p re -conf inement  pe r fo rmance  of each sess ion .
sub jec t  was c o m pa  r e d  with his  post- The data f rom each test  were  subjected
conf inement  pe r fo rmance .  Pr ior  to the ad-  to an anal ysis of va r iance .  Anal y s i s  of
min i s t r a t ion  of the p r e - c o n f i n e m e n t  te sts , var i ance is a s ta t i s t ica l  techni que for  de-
3 pract ice  t r i a l s  were  a d m i n i s t e r e d  to the t e r rn in ing  the si gn i f ican t  co nt r ibut io n s of
ex pe r imen ta l  group. T r i a l  4 was the f i r s t  a number  of factors  to the comp lete set of -

t r i a l  of reco rd or the pre-conf inement  t r ia l  data. In this ins tance  we were  at tempting
and was fol lowed by the 4 hour period of to d e t e r m i n e  the effect  of the conf inement
c o n  f i n e  m e  ii t . T r i a l  5 was the post- period on the abi l i ty  of the individual  to
conf inement  t r i a l , thu s the actual invest iga-  pe r fo rm the 4 expe r imen ta l  tasks .
t io n centered  around a comparison of the The resul ts  were  as follows: F i r s t  with
s u b j e c t ’s pe r fo rmance  on Tr ia l  4 as opposed regard  to the R a i l - W a l k i n g  Test , both ti me
to Tr ial 5. The same procedure was followed and wei ghted dista nce scores  were obtained .
w i t h  the con t ro l  groups . The single d i f fe rence  The weighted d is tance  scores were  stand- -
being  that  t h ey  we re  not confi ned to the ye -  ard scores  obtained f rom raw scores of -

hi d e. The y were , howeve r , r e s t r i c t ed  to the actual dis tance t r ave r sed  on each rail.
the i r l i v ing  q u a r t e r s  between Tr i a l s  4 and 5, Throug h this techni que the most d i f f icu l t

In f o l l o w i n g  t h i s  p r o c e d u r e , it was f i r s t  or nar rowest  rail rece ived  the greatest  -

as sumed  tha t  in g e n e r a l  the pe r fo rmance  value. The exper imenta l  group traversed
of the  e x p e r i m e n t a l  subjec t  would e x.hib it less distance af ter  confinement than before
a g r a d u al t r i a l  to t r i a l  i n c r e a s e  in p r o f i -  conf inement . This is demonstrated in the
c iency .  Secondl y, the  u se  of pract ice  ses-  p re -conf inement  mean of 129.6 . T he analysis - -

sions would se rve  to dec rease  the var iabi l i ty  of var iance indicated that the observed de-
among sub je cts , t h e r e b y  le nding g rea t e r  re -  c rease  between distance scores of the ex-
l iabi l i ty  to any p e r f o r m a n c e  loss observed per i rnental  group was signif icant  beyond
afte r the 4 ho ur  period of c o n f i n e m e n t  for the 1% level  of confidence . As antici pated -

the ex p e r im e n t a l  g roups . And , f i n a l l y, the and by con t ras t , the  con t ro l  group showed
pro f i c i ency  of the control  g roup would follow a s l igh t  i nc rease  in d i s tance  t r ave r sed  in -
the same pa t t e rn  and would e i t h e r  con t inue  this  t r i a l . The Trial  4 mean time score
to inc rease  or r ema in  the same d u r i n g  Tr i a l  was 63.5 seconds while the Tr ia l  5 mean
S as compared w i t h  i rial 4 , t h u s  y ielding t ime was 66.2 seconds , y ie ld ing a mean
an addit ional  base for  compar ison .  Any i nc r ea se  of 2 .7 seconds for  the exper imental
dec rea se  observed in t h i s  group’s per fo rm-  group. On the other  hand , the control  group
a nce could p r obably he at t r i bu t ed  to chance , exhibi ted  a mean decrease  of 4 .2 seconds . 
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These  d i f ferences  are only cited as indica-  Based on t hese  r e su l t s , it was c o n c l u d e d  t h a t
t ive si nce  they  were  not s t a t i s t i c a l l y  si g n i f —  the tes t  as c o n s t r u c t e d  was much  t~,o d i f f i c u lt —

icant . It should be po in t ed  out h e r e  h o w ev e r , to y ield s a t i s f a c t o r y  compar ison  b e t w e e n  p r e -  -

t ha t  e v e n  t h o ug h t h e  i n c r e a s e d  t i m e  s c o r e  and p o s t — c o n f i n e m e n t  t r i a l s . N e v e r t he 1 e s~~,
e x h i b i t e d  by the e x per im e n t a l  g r o u p s  was even  w i t h  t he  i n a de q u a te  t e s t  t h e r e  is an in-
not s t a t i s t i c a l l y si g n i f i c a n t , it may  mean m o r e  t er e s t in g  i n d i c a t i o n .  The p r e - con f i n e m e n t
than  any  of the  o t h e r  m e a s u r e s  for  it actuai l y to ta l  of h i t s  fo r  the  e x p e r i m e n t a l  gr o u p  was
r e p r e s e n t s  an i n c r e a s e d  t i m e  to c o v e r  a 40 , w h i l e  the p o s t-c o n f i n e m e n t  t o ta l  w a s  27 ,
s h o r t e r  d i s t a nc e .  C o n v e r s e l y  w i t h  the  con-  as c o m p a r e d  w i t h  T r i a l  4 t o t a l  of 1( ~, and 

-
t r o l g r o u p  a d e cr e a s e  in t i m e  accompanied  T r i a l  5 to ta l  of 13 f o r  the c o n t r o l  g ro u p .
an in c r e a s e  in d i s t ance  t r ave l ed . The second stud y in th is  p r o g r a m  i n v est i -

In r e f e r e n c e  to t he  R i f l e — F i r e  Tes t , sco res  ga ted  t h e  e f f e c t s  of 8 h o u r s  c o n f i n e m e n t . 
-

based on number  of h i t s  out of 18 rounds The veh ic l e  used on t h i s  occas ion  was the - -

f i red  w e r e  col lected , Before  c o n f i n e m e n t , M l  13 A r m o r e d  P e r s o n n e l  C a r r i e r . E s s e n-
the a v e r a g e  n u m b e r  of h i t s  scored  b y the  t i a l l y  the  s a m e  p r o c e d u r e  was fo l lowed  h e r e
expe r imenta l  g r o u p  was 9.1. Af t e r  co n- as was adhered  to in the ini t ia l  i n ve s t i ga-
fi n em ent , the ave rage  number  of h i t s  was tion . T h e r e  we re , howeve r , s e v e r a l  ref ine-
b, 6. This loss of 2 .5 is s t a t i s t i ca l l y sig- ments  that  w e r e  in t roduced  to in c r e a s e  the
n i f i c a n t  beyond  the  1% level  of c o n f i d e n c e , p r e c i s i o n  of the e x p e r i m e n t. F i r s t , in a d d i-
H oweve r , in the  case of t he c o n t r o l  group t ion to the four  tes ts a d m i n i s t e r e d  pre-
the  Tr ia l  4 avera ge was M .l wh i l e  the T r i a l  viousl y, all  sub jec t s  u n d e r w e n t  p r e -  and
5 avera ge was 8. 5. H e r e  again the r e su l t s  pos t -conf inement  audiometr ic  t e s t i n g ,  Sec- -

-

fo llowed the predicted t rend e x h i b i t i n g  a ond , d u r i n g  th i s  inves ti ga t i on , m o d i f i c a t i o n
dec rease in the  pe r fo rmance  of the experi -  of the G r e n a d e - T h r o w  Test  was accom-
m e n t a l  g r o u p s  and v i r t u a l ly no change  in p li shed , Final ly, samp les of a i r  c o m p o s i t ien
the control  g rou p. and te m p e r a t u r e  w e r e  obtained .

The O b s t r u c t e d - R u n  Tes t  yie lded two sets  The r e s u l t s  of t h i s  i n v e s t i g a t i o n  fo l l owed
of s co res, These  sco res  w e r e  to ta l  t ime  the same gene ra l  t r e n d  as was r e p o r t e d  f o r
t aken  to comp lete the c o u r s e  and the n u m b e r  the 4 hour stud y. Anal y s i s  of va r i anc e showed
of o b s t a c l e s  m i s s e d  or m o r e  s p e c i f i c a l ly, s t a t i s t i c a l l y  s ign i f i c a n t  l o s s e s  in R a i l —
t i me  and e r r o r  s co res .  The  t i m e  score  W a l k i n g  d i s t a n c e  s co re s , G r e n a d e - T h r o w
served p r i m a r i l y as an index of s tamina and hit scores  and O b s tr u c t e d - R u n  time and er-
the  e r r o r  score  s e r v e d  as an index  to g r o s s -  ror  s c o r e s .  W h i l e  a loss  was  o b s e r v e d  in
motor  coord ina t ion, Be fo re  conf inement, it the R a i l - W a l k i n g  t i m e  s c o r e s , th i s  d e c r e -
took the ex p e r i m ental  group  71 .5 se c onds to m ent was not  s t a t i s t i c a l ly s i g n i f i c a n t . Ho w-
complete  the c o u r s e ;  a f t e r  c o n f i n e m e n t, th e ever , whe n the t ime  score is c o n v e r t e d
mean t ime  was 77 ,3 seconds . This 5.8 sec- into a rate per unit of time , the d i f f e r e n c e
ond gain  is by v ir t u e  of anal y s i s  of v a r i a n c e  be tween  p r e-  and p o s t - c o nf i n e m e n t  s c o r e s
s t a ti s t i c a l l y  s i gn i f i can t  beyond the 1% leve l  is h i g h l y  s i g n i f i c a n t .
of c on f idence , By c o n t r a s t , the Tr i a l  4 mean For th i s  samp le of s u b j e c t s , the R i f l e -
t i m e  f o r  t h e  c o n t r o l  g roup  was 76 .2 seconds , F i r e  Tes t  was  too d i f f i c u l t  u n d e r  the p r e s e n t
while  the  T r i a l  5 mean was 78,9 seconds, exper i mental pr oc edure  so that  t he se  da ta
W h i l e  t h e r e  was a sli g ht i nc rease  of 2 .7 sec-  were  no t a u I f  i c i e n  t fo r  s t a t i s t i ca l
onds , th i s  in c r e a s e  is not s t a t i s t ica l ly  anal ysis.
si g n i f i c a n t . It was p rev ious l y mentioned in connection

I’he O b s t r u c t e d - R u n  e r r o r  s c o r e s  fo l lowed  wi th  the in i t i a l  stud y tha t  the Gr e n a d e - T h r o w
a similar  t rend.  For the exper imenta l  Test in its ori g inal fo rm was too d i f f i c u l t
gr o u p , an in c r e a s e d  e r r o r  score of 2 .9 was for the expe r imen ta l  population . I n li g ht
e x h i b i t e d . Thi s  r e s  u l t  d f r o m a pre-  of th i s , the t h r o w i n g d is tanc e was d e c r e a s e d
c o n f i n e m e n t  mean of 4 .6 and a pos t— to 20 yards . This dis tanc e proved  to be
co n f i n e m e n t  mean of 7.5. Anal y s i s  of van — m o r e  wi th in  the c ap a b i l i t i e s  of the  e xp e r i —
ince  showed t h i s  i n c r e a s e  be tween t r ea tmen t s  mental population, thus yielding some usable
to be si gn i f i can t  beyond the  1% level  of conf i -  data, The mean p r e - c o n f i n e m e n t  hit score
d~’nce. The con t ro l  g roup  e r r o r  scores was 3.2 and pos t - conf inement  mean was 2 .3.
showed a de crease  of 1,0. This decrease  is This d i f f e r e n c e  is s ta t i s t ica l l y si gn i f i c a nt
not  s i g n i f i c a n t , beyond the 1% level of c o n f i d e n c e ,  F u r t h e r -

The f ina l  t e s t  of t he  b a t t e r y ,  the G r e n a d e -  more , to emph a s i z e  th is  d i f f e r ence , it ma y
Throw Tes t  was in tended to yield scores  be added that 16 of 20 exper imenta l  subjects
based on the n u m b e r  of h i t s  out of six g re~ showed a decrease  in p o s t - co n f i n e m e n t  pe r -
nades made in a 4 - foo t  square  ta rge t  box. fo rmance  as c o n t r ast e d w i t h p re - c o n f i n e m e n t
The n umber  of h i t s  made in the t a rge t  how- p e r fo rmance .
ever , was r e l a t i vel y small .  On onl y 4 oc- In addition to the t e s t  ba t te ry  d e s c r i b e d
casions did a subject score more  than two above , all subjects w e r e  given a l imi ted
hi t s, an d th is was ach ieved  by onl y 18 sub- aud iome t r i c  sc reen ing  t e at  u s ing  a stand-
je cts out of 72 fo r  the exper imenta l  groups . a r d Maic o model audiome t e r . All  were
On 30 occasions no hi ts  at all were  recorded , tested with a pure  tone at 4000 cycles  per
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second  b e t or e  be ing  sub jec ted  t s ,  c o n f i ne - , tha t  t h i s  s t a t e  may be a f u n c t i o n  of food ea t en  1

ment .  S i nc e  h e a r i ng  Losse s  tend t o  r e a c h  d u r i ng  t h e  per iod  of conf inemen t  or th e
a m ax i m u m  f o r  f r e q ue n c i e s  in 3000 to  6000 p r e s e n c e  of some nox ious  f u m e s .  It mi ght
c y c les  pe r  second r a ng e , h e a r ing loss  at be added h e r e , that  more  nausea  was  ob-
4000 c y c l e s  can g en e r a l l y be a s s u m e d  to s e r v e d  by c r e w s  of the  M 1 13  d u r i ng  the  8
be due to noise  e x po s u re . The  n o i s e  i n s i d e  h o u r  per iod than  of the  M - 59  d u r i n g  the 4
t he M i l l  r a n g e d  f r o m  110  to l .~3 d e c i b e l s  hou r  per iod ,
w ith  a mea n va lue  of 115 d ec i b e l s . T he se lh e  m o s t  f r e q u e n t  c o mp l a i n t  of the  s u b -  14
v a l u e s  ~ er e  d e r i v e d  Ir om  40 o b s e r v a t i o n s  je ’ct s  hu u  ev e r , r e s o l v e d  a r o u n d  t h e e  r a mp i n g
on 2 v e h i c l e s .  U pon c o m p l e t i o n  of the b c a u s e d  b y the  l i m i t e d  spacc and a c u n c o m i —
h o u r  e x p o s u r e , t h e  54 s u b j e c t s  w e r e  r e -  t a n t  los s  of c i r c i l a t i o r  in the  lower  l imbs
t e s t e d  at t I e  4000 c y c l e s  per  second l e v e l , of the  bod y. This  f a c t o r , if s e v e r e  enou g h ,
R e c o v e r y  t u n e  fo r  t he  su b j e c t s  r anged  f r o m  may  have  bee-ri t h e  ma jo r  c o n t r i b u t i n g  l a c  t o r  -
30 minu tes  to 40 h o u rs . A c o m p a r i s o n  be-  to  t he  d ec r e m e n t s  ob s e r v e d  in e q u i l i b r i u m
tween Tes t  1 and Tes t  2 showed no a p p r e-  and locomotor  coord ina t ion . If t r u e , t h i s
ciable hea r ing  loss  at 40 00 c y c le s , v a r i a b l e  should be i s o l a t e d  and s t u d i e d  i n the

As a f u r t h e r  check , 10 of t h e  f i f t y - f o u r  f u t u r e ,
or i g inal  s u b j e c t s  r e c e i v e d  c o m p l e t e  a u d i o -  Taken  t o g e t he r , t he  two s t u d i e s  r e p o r t e d
g ra m s  c o v e r i ng  a l l  at  t h e  t i -s t f re q u e n c ie s . h e r e i n  i n d i c a t e d  t ha t :
rh e se  t en  men w e r e  r e t e s t e d  upon corn - 1. T h e r e  m a y  be a s i g n i f i c a n t  loss in
p le t i on  ol t he  n o i s e  e xp o s ur e  per iod a f t e r  f i r i ng  a c c u r a c y .
a r e c o v e r y  pe r iod  of 3(4 t o  45 m inu t e s .  A 2 . T h e r e  is a dec rease  in s t amina  and
c o m p a r i s o n  of t e s t  r e s u l t s  did not i n d i c a t e  m o t o r  c o o r d i n a t i o n .
a n y  loss  of a u d it o r y  a c u i t y .  3. Eq u i l i b r i u m  is si g n i f i c a n t l y i m p a i r e d.

At the end of th e e igh t  hour  period of con- 4. Ey e - ar m  c o o r d i n a t i o n  shows a si gn i f i -
f i n e r n e n t , an a i r  anal ys is was made of the  can t  d e c r e m e n t .
gases  ins ide  of the APC . In te rp re ta t ion  of the 5 . T h e r e  may be a p r o b l e m of a i r  p o llu t i o n
resu l t s  is d i f f i c u l t  for  i n v a r i a b ly the d r i v e r s  in pe r iods  exceeding 8 h o u r s .
would c r ack  the d r i v e r ’s ha tch  at some time W h i l e  the  r e s u l t s  fo l lowed  the  expec ted
dur ing  the 8 hour  period . H o w e v e r , i nd ica -  t r e n d , i t  is not  p r a c t i c a l  at t h i s  t i m e  d e f i n i t e  ly
t ions  a re  tha t  a i r  pol lu t ion  mig ht be a problem to c o n c l u d e  t h a t  the  o b s e r v e d  d e c r e m en t s
d u r i n g  longer  per iods of con f inemen t. The w o u l d  r e s u l t  in s e r i o u s  i mp a i r m e n t  of the
ca rbon dioxide concentra t ions  were decidedl y p e r f o r m a n c e  of I n f a n t r y  p e r s o n n e l assi gned
elev ated over normal air concen t r a t ions , even to an a r m o r e d  p e r s o nnel  c a r r i e r  in a com-
thoug h the d r i v e r ’s posit ion was open . Normal  bat s i t u a t i o n . It may  be en t i re ly p o s s i b l e
atmospher ic  concen t ra t ion  of carbon dioxide t h a t  the  e f f e ct s  of the pe r iod s of c o n f i n e m e n t
is .03%. The measured concen t ra t ion  of ca r -  obse rved  he re  a r e  of an e x t r e m e l y  t r a n s i e n t
bon d ioxide was  .4%. In a d d i t i o n , the  02 con-  n a t u r e .
cen t ra t ion  was cons i s t en t l y low by 4 to 5%. It is anticipated that f u t u r e  e f f o r t  in th is
This , plus the e levated carbon dioxide con- a rea  wi l l  be p o i n t e d  towa rd d e t e r m i n i n g  the
cen t ra t ions  are  def in i te  evidence of poor y en -  e f f e c t s  of p e r i o d s  of conf inemen t  rang ing  up
t i l a t ion an d is als o indicat ive of an a i r  to and po s s i b l y beyond a 24 h o u r  per iod .
pollut ion problem that may be p resen t  in This r e s e a r c h  w i l l  be aimed at ascer ta in ing
f u t u r e  s t u d i e s ,  t h at  po in t  at w h i c h  a p r a c t i c a l  d e c r e m e n t

Even  though it is not and cannot be accounted occurs . Any e f fo r t  be yond this  point will
for  in the treatment of the data , perhaps one a t t empt  to r e so lve  those  f a c t o r s  r e s p o n s i b l e
of the most important  cont r ibu t ing  agents to for  the observed decrement  and miti gate
our pe r fo rmance  decrement  is nausea.  While these  fa c to r s . In addi t io n t o the a r mored
it is g e n e r a l l y fe l t  that  the )ccur r ence  of personnel c a r r i e r , t h i s  p ro g ra m wi ll be
nausea is due to ~ .e p it ch ing  and rolling mo- extended to inc lude  tanks and any o t h e r
tion of the vehicle as it maneuvers cross-  vehicle with which  the probabi l i ty  of sus-
country ,  many subjects  subjectively reported ta m ed con f inemen t  exis ts .

E. EXPERIMENTAL INVESTIGATIONS OF A WEAPON SYSTEM CONTROL MECHANISM5
by C. A. Ka rr , Franklord Arsenal , Philadelphia , Pa.

[ U n c l a s s i f i e d  a b s t r a c t  of a c l a s s i f i e d  p r e s e n t a t i o n  J
Invest i gations w e r e  made of 2 aspects  of in f luence  of d i f f e ren t  amounts of f r i c t i o n  in

the control  mechanism of a Heavy Ant i- t ank  the  control l ing mechanism. The second
Weapon System . One s tud y i n v e s t i g a t e d  the stud y r -oncerned  the i n f l u e n c e  of d i f f e re n t

• -~uth or:ze - I p.~r ; r f l  - nay obt ain the full  t ex t  of this pr esentation by -ippropr ete  i t t - l i p  t o n  to: he it : inonc -e Corps Hums
En qine er in i  Labovr~~rp es , A~~ rleen Provins ~r - sin~i , Mrr r y la nd.
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1
cont ro l  ra t ios  w i th i n  the mechan i sm.  An wel l  as the f ind ings  in t e r m s  of a r my
accoun t  was p rov ided  of the  e x p e r i m e n t  as o p e r a t i o n.

F . HUM AN FACTORS ANALYSIS OF AN AUTOMATIC CHECKOUT DEVICE by Harold R .
LaPorte , Jr . Autonetics Division of North American Aviation , Inc , Downey,  California. -

The A u t o n e t ic s  Human E ng i n e e r i n g  U n i t  the t echn ic ian  did in check ing  mi s s i l e  pe r -
wa s fo rmed two years  ago . The uni t ’s ac t iv i -  formance .  If the machine can check a tes t
t i e s  a re t y pical of most indus t r i a l  human point once each second (a conse rva t i ve  e s t i -
f a c t o r s  gr oups , ranging f rom advanced  mat e- ) ,  the miss i le  checkout  would take about
s t u d i e s  and e x p e r im en t a l  r e s e a r c h  to ope ra -  16 minutes , a considerable  i m p r o v e m e n t
to r panel desi gn , The lar ges t port ion of the ove r the technic ian ’s s ix-day  effo rt .
un i t ’s a c t i v i t i e s , and perhaps the most  i m -  The programer-con-iparator  is s imi la r  to
po r t an t , has been devoted to work ing  d i r ec t ly the machine  j u s t  descr ibed. It i s tape -
w i t h  sy s t e m  and des ign  e n g i n e e r s  to develop  pr o g r a m  control led and can c he c k  equ ipment
e q u i p m e n t  d e s i g n s  that  a r e-  more  ea s i l y and as smal l  as a modu la r  uni t  (for  example , a
e f f i c i e n t ly operated and main ta ined. p luggable c i r cu i t  board> ,  or as l a r g e  as a

As an example of the unit ’s ac t iv i t i e s , a complex weapon system with many more
typical  equi pment  desi gn p rob lem has been te s t  points than the m i s s i l e  j u s t  d e s c r i b e d .
selected for  d e s c r i ption . This  problem wil l  The equipment can be used to c h e c k  pro-
also provide a rea l i s t i c  background for  duct ion items in the fac to ry  or as an integrated
acqua in t ing  those  p r e s e n t , especia l ly thos e sy s t e m  tes te r  at the maintenance depot.
who rep resent the u s e r s  of mil i tary equi p- The pro gramer -compara to r  checks weapon
ment , wi th some of the major pract ical  sys tem performance at two levels.  At one
p r o b l e m s  faced  by an indust r ia l  human en-  level , i t cont r ols the ope ra t io n of the sy ste m
g inee r in g  group. Several  areas will be and then  senses , on a go/no-go basis , the
po in t ed  out w h e re i n  m i l i t a r y  organiza t ions  complet ion of each operat ion.  At a more
can be of g rea te r  ass i s tance  to indus t r ia l  detai led level , equi pme nt pe r fo r mance is
human en gineers  in ensuring that maximum checked by measur ing  selected pa ramete r s
pr essu r e is exe r t ed  on the des i gn en gineer s ich as voltage or f requency at prese lec ted
to r e g a r d  human f a c t o r s  r eq u i r e m en t s  as a t e . ’ points wi th in  the sys tem. Obta ined
basic pa rt of des i gn , jus t  as he regards  other values  are compared with expected va lues
mi l i t a ry  spec i f i c a t i ons  as necessa ry  des ign  s tored in the p r o g r a m e r - c o m p a r a t or ’ s tape
f e a t u r e s ,  p rog ram to give a m e a s u r e  of perf ormance .

The chosen problem involves  an au tomat ic The p r o g r a m er - c omp a r a t o r  is r e f e r r e d  to
checkout device called the prograrner- as a u t o m a t i c  even thoug h it r e q u i r e s  an
com para t or . A s impl i f i ed  example may se rve  opera to r .  However , once the mach ine  isto convey quickl y the concept  of automatic  s t a r t ed , it can sequence-  th roug h an ent i recheckou t , checkout  p rogram of many h u n d r e d s  of t e s t s ,Env i s ion  a complex weapon s y s t e m, a mis- se lect ing test  points  wi th in  the weapon sys-sUe in this  case , Assume that wi th in  this tern , measu r ing ,  comparing,  and evaluatingmissi le  are 1000 test  points , each of which without  operator  ass i s tance .  The ope r a t o r ’sprovides  in format ion  about the p e r f o r m a n c e  task is e x t r e m e ly s imple; he is needed  toof a part  of the miss i le .  In o rder  to cer ti f y app ly and remove power , load the tape pro-that the missile is r ead y fo r  fli ght , a tech-
nicia n mus t  check the information at each g r a m e r , and s ta r t  the tes t . In addi t ion , he

monitors  the progress  of the checkout bytes t  point, means of statu s indicators.  A pr in ter  p ro -Assume, f u r t h e r m o r e, that it t akes  the vides a permament  record of t e s t  r e s u l t s .the t echnician thr ee minu t es to f i n d  t he ri ght To inc rease  the u s e f u l n e s s  of thetest  point , se lec t  the proper  equ i pment , make pro gramer-compara tor  in unusual test  situ -a reading ,  compare the reading with a normal  at ions (for example , the R&D phase  of avalue , and decide whe the r  it is in or out of
toler ance. Also , ass um e tha t  t he te chn ici an 

wea pon system where  weapon sys t em tol-
erances  have not been precise ly e s tabl i shed)never  becomes t i r e d  or d i s t r a c t e d .  It wouldr and as a t r oubleshoot i ng a id , provis ion  isr equ i r e  at l eas t  six fu l l  work ing  days for the made for  manual  p r o g r a m i n g .technic ian  to complete the miss i le  checkout .

Now , su ppose instead that leads f r o m  each The type of checkout  equipment  repre-
tes t poi it in the missile are connected to sented by the pro g r a m e r - c o m p a r a t o r  has
cables . And su ppos e tha t  the t ech n ic ian ’s be come an important  part  of modern  weapon
test  i n s t rumen t s  are placed in a box that can sys tems . Some of the ma jor adva ntages of
be connec ted to the miss i le  cables. Within this type of equipment  may be su mmar ized
the box , in addi t ion to the t es t eq u ipment , as fol lows:
a re a swi t ch ing  mat r ix , a comparator , and 1. It saves t ime.  As shown in the i l lus t ra -
a data inpu t device such as a tape r e a d e r , tj on , the p r o g r a m e r-c o m p a r a t o r  can p e r f o r m

4°

Th is box can be m ade  to do all of th e ’ th ings  in mil l iseconds , tasks r equ i r i ng  several



minutes  for  a human  to p e r f o r m , and can The cent ra l  panel contains operat ing con-
cont inue  wi thout  r es t  for  long per iods . t ro l s  for s t a r t i n g  and stopp in g the

.~~. It provides rel iable m e a s u r e m e n t s  and p r o g r a m e r - c o m p a r a t o r, as wel l  as a s ing le
d e c i s i o n s . The machine  is not s u b j e c t  to i n d i c a t o r  to show that the equipment  is ready
f l u c t u a t i o n s  in a c c u r a c y  e x h i b i t e d  by men to opera te .
us ing t e s t  equ i pment .  P r ec i s e  d e f i n i t i o n  The bottom panel  conta ins  a key board
by the weapon s y s t e m  desi gn eng inee r of for  manua l  p r o g r a m i n g ,  accesso ry oper-
upper  and lower limits for  each m e a s u r e -  ating controls , and a nu moer of ve r y tiny
m e nt  e l imina te s  problems encountered  by ind ica tor  li ghts , used pr imar i ly for t roub le -
t e c h n i c i a n s  in dec id ing  whethe r equi pme nt shoot ing.  Th is panel a rea  is in tended to
is ope r at in g sat is f ac to r ily , support  maintenance func t ions .  T he ent i re

3. It p rov ides  a permanent  record for  bottom panel is recessed into the cabinet
use in t rend anal ys is .  Recen t l y ,  e f fo r t s  and cove red by a hinged door .
tow ard reduc t ion  of main tenance  costs  have It is obvious that the des igner  of these
turned  to the problem of predict ing mal- panels  did not al together ignore basic human
func t ions  to avoid t ime lost in t roubleshoot -  eng inee r ing  princi ples. A n e f f o r t w a s  made to
ing ca t a s t rophic f ail ur es . A record of each separate  maintenance and operating func -  -
m e a s u r e m e n t  at each test point , sampled t ions . Mo r eover , the major i ty  of v i sua l
pe r i odical l y , provides a means for ac- indica tors  are located on the upper port ion
c u r a t e ly obse rv ing  component deter iorat ion,  of the panel , whi le controls are on the lower

4 . It r educes  ski l l  and manpower  r equ i r e -  por t ion.
ment s . ~~y tu r n i n g  the r o u t i n e  tasks  of the A func t iona l  analys is  was conducted by the
technician over to the machine , f ewer  tech- Human Eng inee r ing Uni t  to establish human
nic ians  a re re qu i r e d . A ut omation th r ou gh per f ormance re qui re ments and ta sks f or the
the use of the tape p rogramer  enables equipment . The anal y sis indicated that the
r elat ive ly unsk i l l ed  operators to conduct p rogramer-compara tor  is used for  two
routine product ion line inspections or corn-  d is t inc t  opera t ions :  checkout  and diagnosis .
plex weapon sys tem prevent ive  maintenance Dur ing  checkout operations , the weapon sys-
checks , tern per forms  a programed ser ies  of tests

5. It can pe r fo rm programed se l f - tes t s  and measu remen t s  on a weapon system or
to measure its own performance capability on i tself .  Dur ing  diagnosis operations , which
pr ior  to wea pon system checkout , begin when a malfunction , maladjustment ,

The human  e n g i n e er i n g  e f f o r t  had as a Spe - or othe r improper  opera t ions , of the weapon
ci f ic  aim the exp loi ta t ion of the a f o r e m e n -  s y s t e m  or checkout  equ ipmen t  is de tec ted ,
t ioned advantages, as we l l  as the usual goal the equi pment p rov ides  i n fo rma t ion  which  can
of app ly ing hu man en gi n e e r ing p r i n c i ples be used  to diagnose and correct  the disc rep-
to the des ign .  The p r o g r a m e r - c o m p a r a t o r  ant  condition.
development was a modif icat ion of a pre- Since the checkout  phase is essential l y -

viously existing model of checkout equip- automatic , onl y a small amount of informa-
ment . Many of the funct ional  and s t r u c t u r a l  tion is re qui red  by the operator monitoring
ch arac te r i s t i c s  of the previous model were the checkout .  The diagnostic  phase , on the
ca r r ied over , with minor changes , t o the other  hand , involves co mple x t r o u b l e s h o o t i ng
new des i gn. Amon g these we r e the cont r ol and problem-solv ing  procedures  and r equ i re s
panel desi gn and the general. opera t ing  a large  amount  of in format ion .  Conse-
procedure .  quentl y, most of the ind ica to rs  provided w i t h

Fi gu re  1 , showin g the or iginal  control/  the p r o g r a m e r- c o m p a r a t o r  are  for use  d u r in g
d isp lay panel  layout , i l lus t ra tes  the desi gn diagnosis  of weapon s y s t e m  or programe r-
at the t ime  human eng ineer ing  entered the comparator  mr l f u n c t i o n s , or for other main-
pictu re. The operating area cons i s t s  of tenance ac t iv i t i e s  such as ca l ib ra t ion  of t I e -
t h r e e  panels . The top panel is r e se rved  for  weapon sys tem .
visual dis plays and contains two types of Additional in format ion  about the operat ion
indica tor s: seve ral simple t r a n s i l l u m i n a t e d  of the p rog ranie r - compara to r  was ob ta ined
indicato rs; and rectangular  al pha nu meric  by observ ing  the use of an e a r l i e r  model
dis play units , on which can be projected checkout  device  using approximate l y the
nu mbers , shor t  wo rds , and symbols.  The same cont ro l /d isplay  layout.  The analy sis
al phanumer ic  lig hts  indic ate test  indent i f i -  and observat ions  led to a def in i t ion  of spe-
cation numbe r , type of measurem ent , cif ic problems . Among the major problems
measurement  value , and measurement  were these:
range. The simple indica tor li ghts m di- I . The ori ginal panel desi gn , while pro-
cate equiprr ’ent status , sta tu s of the tes t in v id in g for  separation of checkout  and diag-
progress , and qual i ta t ive  t e s t  resul ts .  Note nost ic  func t ions , actual l y m ix ed cont r ols and
that the cross-hatched areas on either side displays  used du r ing  each phase. Since all
of th is  panel indica te  unusable  port ions of indicators are used during the diagnostic
the pa nel . Seve ral equipment  un i t s  are phase , plac ing various indica tors  on sepa-
moun ted  against  the inside of the panel at ra te  panels is u n n e c e s s a ry  and at t imes
those points, confus ing.  In addit ion , the r u d i m e n t a ry
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effort made in the original desi gn to place 9. Addition of protective interlocks for
indicators on the uppe r panel and controls c r i t ica l  controls.~on the lower conflicted with a functional 10 . Provis ion of a key- lock switch for
ar rangement , manual programing controls to protect  the

Z . Recessing and covering the maintenance weapon system from inexper ienced person-
panel served no usefu l purpose. Observa-  nel , par t icular ly whe n checkout is a s s igned
tions of operators using the earl ier  model to a semiskilled or unskilled operator .
showed that the door was never  closed dur ing  An engineering model of the programer -
operation and rarely closed when the equi p- comparator was built and all of the recom-
ment was idle. Recess ing  the panel also mended changes shown here , as well as
added to the diff icul ty  of seeing maintenance others relating to other par ts  of the
lights and operating controls,  equi pment , were  incorporated into the de-

3. Insuff icient  information was presented si gn . Later developments , in line with
to the operator by the status indicators. In product improvement  ef for ts , enabled the
par t i cu la r , several  test conditions had to Human Engineering Unit to recommend
be recognized by the sounds made by the tape fu r t he r  changes.
reader.  Figure 3 shows a d d i t i o n a l  changes

4 . Provision was not made for interlocking r e c o m m e n d e d  for the programer-
several of the controls to prevent damage comparator . Briefl y, the y include a slide -
or loss of test t ime due to inadver tent  or out key board with bui l t - in  al phanumeric
improper operation. disp lay, complet e se pa r at ion of checkout

5. Provision was not made for testing and diagnostic controls , and conversion of
lamps in the alphanumeric displays. The many of the maintenance lig h t s to alpha-
displays contain over one hundred incan- numeric display units. Thi s desi gn was also
descent bulbs, accepted by the project engineers .

6. Several of the components were poorl y The main point to all of this is that human
adapted for  use with the equi pment. For eng ineering recommendations are accepted
example , the tiny maintenance li ghts were by equipment designers and are incorporated
inadequate , part icularly because improper into equi pment design . Also , cons iderable
orientation of the bulb behind the panel product improvement can be accomplished
would present a dead spot to the operator , when human factors requirements  are satis-
making it extremely difficult to tell if the fied by equipment design .
bulb was illuminated. Another component , Although the task jus t  descr ibed had a
the keyboard , was extremely awkward to satisfactory solution , it was not accomplished
use and like ly to cause data entry e r ro r s , without problems . Some of those problems

Figure 2 shows the recommended control! should be of interest to this audience because
dis play panel layout. T ime and bud get they bear directly on the relationship be tween
problems precluded incorporating all of the industry  and the military. Although the
desi r ed fea tures, but considerable improve- problems are typical of industr ia l  environ-
ment was made over the original design . The ment , they are not usually broug ht out in
changes inc luded the following: formal discussions of human engineering.

1. Allocation of all visual indicators to Many factors , including military needs ,
the upper panel and all controls to the lowe r have led to shorter and shorter lead times
pane l . for design . This reflects on the quality of

2. Separation of checkout and diagnostic human engineering in the sense that formal
functions by group ing indicators and con- human engineering techni ques involving
trols. All of the indicators required for research , data collection and analy sis ,
checkout are now located in the lower row simulation, and the like , cannot be used ,
of alphanu mer i c  indic ator lights, because of their time requirements.  This

3. El iminat ion of the recessed panel. oftentimes leads the human engineer to make
4, U se of more adequate maintenance off- the-cuff  recommendations based on ex-

lights. perience , remembered data , and plain
5. Combining tape reader controls on a commonsense.

sing le mode selector switch . A partial remedy to this problem would
6. Rep lacement  of the key boa rd by three be for mil i tary organizations to provide

rotary selector switches for entering the industrial  engineers with more adequate and
three-d ig i t  code numbers . A more sophis- effective design standards, Some standards
ticated key board was rejected as too cx- alread y exist for examp le , the Air Force ’s
pensive for the particular programer-  MIL-STD-803 . Those standards that exist ,
comparator application under  consideration, however , suffe r from twomaj or deficiencies ,

7. Incorporation of a rotary selector One is incompleteness; many useful human
switch for tes t ing  the alphanumer ic  pro- engineering princi ples are not specified .
j ect ion lamps in groups of s ixteen.  The second def ic iency is the lack of data

8. Addition of status designators and in- about the conditions under which the stand-
corporation of all status designators into ards apply. Whenever a standard is speci-
al phanumer ic  d i sp lays. fled , the range of applicability of the standard
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also should be specified. For example, some One other problem area should be men-
standards obviously apply only to t ime- tioned. This is related to the need of the
compressed operating cond~tions such as human engineer for  app licable desi gn data.
mig ht be found in a i r c r a f t  controls.  The The exper iences  of each weapon system
app lication of those standards to controls  development  program in meet ing human
used  un der  le isu r ely c i rcumstances  is eng inee r ing  r equ i rement s  would be ve ry
meaning less and may present  a hardshi p use fu l  to othe r human eng ineers .  The kind
to the desi gner . of data referred to are found in anecdota l

Short design schedules affect human accounts  of design and procedura l  m ade-
engineer ing  in another way. Design engi-  quacies which have actuall y contributed to
fleeTs pressed for time are reluctant  to the fa i lure  of a weapon system to perform
devi ate from old t r ied-and-true methods its mission.  One such account concerned
of selecting components and of designing a missi le  that was destroyed because a -

c i rcu i t ry .  They are prone to dismiss technician could not distinguish between two
recommendations by say ing that ‘‘it can ’t cable connectors;  another involved a mis-
be done ” or tha t “no such component is s u e  that failed to f i re  because someone
made” , without making a serious attempt forgot to release the holding clamps.
to satisf y the requirement .  This kind of information is much more

Here again, military organizations can as- effect ive , in many cases , in convincing
sist the industrial human engineer by giving desi gn engineers  of the need for incorporat-  -
their desi gn standards the weight of mili tary ing a human engineer ing  recommendation
specifications . In this line , it is important than the recitat ion of design principles. This
that military inspectors be capable of evalu - kind of information would also be usefu l to
ating equi pment for conformance to huma n the human engineer in alert ing him to un-
factors requirements , and that they actually suspected sources of human error.  A sys-
do inspect for those characterist ics with as tematic p r o c e d u r e  for collecting this
much care as they look for deviations from information on a regular basis and for-
hardware specifications. If the design engi- warding it to human engineers throughout
neer know s that his equipment will be rejected industry would be a considerable contri-
because it exhibits poor operating or mainte - bution to the e f  f e c t i v  e n  e s s of these
nance qualities , his cooperation is assured, engineers.

4’)
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A, RELATIO N BETWEEN PHYS ICAL AND SUBJECT IV E PR OPE UTIE S OF 000RANTS , by
Howard G. Schutz , Battel le Memorial Inst i tute , Columbus , Ohio

INTRODU CTI ON pot s u r p ri s i n g ,  cons ide r i ng what  is  known of
the c omplexit y of o ther  biological  sy st e m s .

In developing food rations for  the Armed in addi t ion , work  in the a r e a  of o l fact i on is —

Forces , the Quar te rmas te r  Food and Con- pla gued wi th  such p rob lems  as adequate
tam er Institute is responsible for provid ing  control  of the odor s t imulus , pur ity  of chem-
rations that can be s tored under  ex t reme icals , psychophys ica l  method by wh ich  odors
conditions of t ime and tempera ture  and sti l l  are studied , i ndividual  d i f f e rences  in odor
remain palatable. Palatabil i ty,  or the more behavior , and lack  of knowled ge about the H
inclusive t e rm “food acceptance ” , is de t e r -  olfactory ep i thel iu m. All of these factors
mined by a number of in te rac t ing  fac tors  have hel ped deter the accumulat ion of valid
operating within  and on the individual , in- general izat ions about the basic dimensions
cluding flavor , previous at t i tudes , and phys i-  of odors and the na ture  of odor reception.
ological condit ions.  Of these fac tors , f lavor The present  inves t iga to r s  bel ieved that a
is the one that can be most readily modified model based on the combination of several  

1
and thus has received the most attention by phy s ica l  properties would be necessa ry  in
workers  in the area  of ration development,  orde r to unders tand  odor dimensions better .

Flavor is a complex perception that is It was toward the demons t ra t ion  of this
ordinari ly considered to be made up of the method as a feasible one that the research
following components: taste , odor , f eel , e f for t s  in the present  program were directed .
kinesthetic sense , and , t o a le s se r  de gr ee ,
color and audition. Of these factors , it is OBJECTIVEgenerally agreed that taste and odor are the
major contr ibutors .  Research in the area of - -The goal of this research program is totaste has progressed  reasonably well , as - -

- - attempt to relate ph ysical properties ofknowledge of the basic tastes and their  ade- - - -
• - - compounds to subject ive  or psycholoeicalquate stimuli have been known for some time. . - -propert ies  and to use this information toIn the area of odor however progress has

• - - hel p understand the olfactory process and tobeen disappointing because of the lack of - - -
- - ‘ - - develop a classification system for  odorants.information on the nature of the stimulation
of the olfactory sense and of a basic classi-
ficatior -i of odorants. PROCEDURE

The Food Acceptance Branch of the
~ uar te rmast er  Food and Container Institute The research  program was divided into
has recognized that research in the area of three phases: ( 1)  the selection of odorants
correlating subjective responses to odorants and collection of physical data , (2) the col-
and physical properties of these odorants lection of subjective data , and (3) relating -
would contribute to the development of an the physical to the subjective data.
odor-classif icat ion system. Such a system
would provide better control for the odor Phase Icomponent of flavor . Therefore , the Food
Acceptance Branch decided upon a research Thirty odorants were selected for stud y
program , and Battelle was awarded a contract on the basis of being representat ive of many
to conduct studies on this problem. Since types of odors . All were pure chemicals.
this was an interdisciplinary problem, a They are listed in TABLE I . This group
research  team consist ing of psychologists contains both pleasant and unpleasant, and
and chemists  was assigned to this program. weak and strong odors , as well  a s one

Before the specific r e sea rch  program homologou s serie s of alcohols from methanol
that Battelle is conducting is described , it to octanol.
would be well to consider some of the basic The choice of physical data to be col-
problems in odor research .  Numerous lected abou t these substances was guided by
attempts have been made to exp lain wh y two cr i te r ia. First , characteristics were
some materials have a strong smell while wanted which would be readily available f rom
others have a weak odor or none at all , the li terature or from simple exper imental
Explanations have been given on the basis of procedures.  Secondly, physical properties
many di f ferent  physical character is t ics  of were wanted which have been suggested at
materials.  None of these explanations has one t ime or another to be important to the
proved satisfactory. olfactory process. Eighteen properties were

Some of the suggested ph ysical  properties finall y selected for inclusion in the study
include st ruc tu re , react ivi t y, in f ra red  and and are listed in TABLE II . The values for
ultraviolet spectra , solubility , and absorption most of the properties were obtaine d from
character is t ics ,  the l i t e ra ture .  Hemolytic activity, UV ,

The fa i lure  of any one of these proper- in f r a red, and absorption properties were
ties to account for all odor phenomena is determined at Batte lle.
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Figure 1. Intensity Rating Scale

for  a period of time from the initial rat ing people rated the 30 odorants in te rms  of 27
to a point at which the in tens i ty  rat ings qualitative at tr ibutes as well as on the basis
remained essentially constant. These values of preference  and intensity.  The rating scale
are shown in the second column of Table Ill . was the same as was shown in Figure 1. The

The th i rd  measure of intensity was the a t t r ibutes  were selected f rom among the -

absolute threshold.  This is the lowest con- many terms reported in the l i te ra ture  tha t
centr at ion of a subotance which can be had been used to describe the way odors
reliably detec t ed by an observer . The smelled. These attributes are listed in
values for this measure were collected f rom Table IV . The average ratings for the 20 -

the literature and expressed in the common peop le were computed and each of the 30
unit of molecules per cubic cent imeter  of odorants was correlated with every other -

air. It was possible to find values for  only odorant. These y ielded a matrix of correla-
19 of the 30 substances. These are shown tions which indicated the extent to which the -
:n the third column of Table Ill. odorant s smelled alike , tha t is , the de gree -

For the second type of sensation, the to which people rated them in a similar way
qualitative character of a substance , an cx- for the 29 attributes.
periment was conducted at the Quar termaster  This matrix of correlations was then
Food and Container Institute in which 20 subjected to a statistical analysis-- factor

TABLE III , SUBJECTIVE DATA ON 30 ODORANTS

Supra-
Odorants threshold Rate of Adaptation , Absolute Threshold ,

Intensity scale u n i t s / m m  molecules/cc

Methanol 5, 5 0.900 1.1 x 10 16
I -Menthol 6.8 0.450 2.0 x 10 1’
2-Propanol 6. 7 0.366 -

p-Dichlorobenzeae 5.3 0.420 -

Ethyl acetate 7.2 0.3 12 5. 07 x 10 15
Benzaldehyde 7.0 0.264 1.12 x 10 12
1-Heptanol 5.9 0,174 9.0 x 10 11
Iso-safrole 5.5 0.378 -

1-Pentanol 5,7 0.360 6.8 x 10 12
Skatole 6.4 0.300 1.8 x l0~
1-Hexanol 6.8 0.384 6.72 x io lZ
Eugenol 6.2 0.360 -

Vanillin 4 .3 0, 180 4, 5 x J Q b
Pyridine 8.1 0.336 3.1 x io 1’
Ethy l  sul phide 6.6 0.438 7 .48 x i0 10
Meth y l salic y late 5.1 0.198 4.27 x io l4 

-

Guaiaco l 6.2 0.300 -

Amyl acetate 6.3 0.342 1,82 x 10 14
Buty lamine 7.9 0.534 -

1-Butanol 6.6 0.336 8,2 x 10 12
Butyric acid 6.9 0.360 1.4 x
Meth y l ethy l ketone 8.0 0 .708 -

Benzyl acetate 5.3 0.264 -

2-Picoline 7.8 0,228 -

Coumarin 5.0 0.312 2.1 x iO1’
1-Propanol 6. 0 0.432 5 .0 x 10 13
1-Octanol 5.6 0.234 3.0 x 10 10
Benzy l benzoate. 4.4 0 .402 -

Geraniol 5.2 0.360 -
Fth~~-ol 6.0 0.552 2 ,44 x



TABLE I . T H I R T Y  COMPOUNDS Adsorpt ion is not it se l f  unique but  t he
U SED IN ODOR STUDIES method of r i i e a s u r e m e nt  used h e r e  i s  a corn-

b in a t io n  of p h y s i c a l  and p s y c h o l o g i c a l  t e c h -
Methanol niques . Each of t he  30 mater ia ls  ~ as pe r-
I - Menthol  colat ed t h roug h gla ss columns  cori t .nn ing the
2 -Propanol  adsorb ing  substance,  1 he ti me requ i red
p-Dich lo robenzene  b e f o r e  the odor could be de tec t ed  abov t ~ the
E t h y l  ace ta te  column was used as a measure  of a d so rb in g
Be nzaldehy de ten dency for  ea~ h su b s t a n c e .
Iso-s al role
1- Pentanol
Skatole Phase II
1 -Hex ano l
Eugenol The data collected on sub j e c t i v e  prope r-
Va ni l lin  tie s W e r e  d r a w n  f rom two sources :  values
Pyrid mne obta ined f r o m  the odor l i t e r a t u r e , and ex-
Dieth y l sui phide perirriental  studies conduc ted  at Battel le or 

-
Methyl sa licy late at the U uar t e r m a s t e r  Food and Conta iner
Guaiacol Ins t itu t e .
Amy l ace ta te
Buty lamine There  a re  at least  two basic sub j e c t i v e
1-Butanol a t t r i b u t e s  of all  s enses ;  one is the i n t e n s i t y
Buty r i c  acid of a sen sat ion and the othe r is the q u a l i t a t i v e
M eth yl ethyl  ket one cha rac t er  of a s e n s a ti o n .  For examp le , one
Benzyl acetate  might  smell pyridine and think it has a s t r o n g
2- Picoline odor and also c h a r a c t e r i z e  it as ~r a e U i n g —

Coumarin  p u t r i d , while  ~ani1l a  would probably ~n- con-
l-Propanol  s idered  weak and ~metl “ sweet- like ” . Both
I -Octanol  types of sensations are of in te res t . For the
Benzyl benzoate fL st type of iptens~t ’- , th ree r e l a t t - ~ meas-
Geraniol  ures  were  chosen . The f i r s t  was s u p r a t l -r e s  -
Ethanol hold intensi ty ,  that is , the j udged i n t e n s i t y

-~~ — -— — - - - —~~~~~~~~~~ --- of a subs t ance when it is smelled in i ts  -

pure fo rm.  For this  measure , data ~ e rt
TABLE II. 18 PHYSICAL PROPERTIE S used which  were  col lec ted  at Bat te l le  by

CHOSEN FOR ODOR CORRELATION having peop le ra te  the degree  of intensity of
STUDIES a substance  on a 9-point  r a t i n g  sca le  f r o m  I ,

no int e n s i t y ,  to 9 , ext reme in tens i ty , as
H emolytic ac t iv i t y shown in F I G U R E  1. T hese  v a l u e s  a v e r a g e d

Vapor p re s su re  ove r 10 people a re g iven  in the f i r s t  colum-i
Surface  tension of TABLE III ,
U lt raviolet absor ption , 200 to 400 mi l li -  The second m e a s u r e  re la ted to in t ens : t y

microns  was rate of adaptation , also determined at
Charcoal adsorption Battelle.  Adaptat ion in olfaction is the  prop-
Alumina adsorption er ty  of an odorous substance to smell less
Silica gel adsorption in t ense  when an individual has been exposed
Fuller ’s earth adsorption to it fo r  a period of ti m e. This  p r o p e r t y was
Leci th in  adsorption measu red  by havin g people ra te  the i n t e n s i t y
Infrared absorption , 3.0 to 6,5 microns  (wi th  the same scale as descr ibed  above ) of
Infrared absorption , 7,0 to 10 .5 mic rons  each of the 30 odorants  over  a 10-minute
In frared absorption , 11. 0 to 14. 5 mic rons  period , du r i n g  which  t ime they smelled the
Boiling point odorant every 30 seconds.  The resu l t s  for
Solubility in water 10 people were averaged  for the 20 ra t ing
Heat of combustion points obtained in the 10-minu te  adaptat ion
Index of refraction period. A check on the r e l i a b i l i t y  of the
Density measurements  was made by having some
Molecular weight peop le rate the odors a second t ime.  N a t .

u ra lly they we r e not aw ar e th at they  w e r e
repeating the i r  jud gment s about an odor .

Two of the more unfamiliar prope rties Figure  2 i l lustrates graphicall y the hi gh
will be de’~,c r ibed . Hemolytic activit y is the re l iabi l i ty  obtained for one substance , buty l-
extent to which a substance accelerates the amine , as well as meth yl sal icy late , which
breakdown of red blood cells . This  proper ty  has a dis t inct l y d i f fe ren t  curve.
has been suggested as being related to the A method for represent ing rate of adap-
manner in which a substance penetra tes  the tation was adopted , which consisted of the
olfactory receptor. change in scale uni ts  of intensity per m i n u t e

-.4
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ana l y s i s -  -which  ha~ as i ts aim the d e t er m i -  l ’ha se  Il l
n a t i o n  ot the smal les t  n u m b e r  e f independent
di mens ions  or t a cto r s  that  r ep r e s e n t  a l a r g e r  Phase  III c o n si st ed  of r e l a t i n g  t he se  t w o
nu m ber of var i a b l e s . lii the case of t he se  s v t s  of data.  rhe  f i r s t  s tep in t h i s  p r o c e s s
od r an t s , the problem w a s  to d e t e r m i n e  the  was to  compute  the c o r r e l a t i o n s  b e t w e en  .il
sm a l l e s t  n u m b e r  of g r o u p i n g s  of odorant s  p o s s i b l e  pa i r s  of ph y s i c a l  v a r i a b l e s , he -
t hat r ep resen t ed  g r o~~ps of s im i l a r  s m e l l i n g  t we en  a l l  p o s s ib l e  p a i r s  of ph y s i c a l  and
mat e r i a l s . F r o m  t h i s  a n i l y s i s  9 f ac to r s  p sycho log ica l  a r i a b l es , and between al l
w e r e  ex t ra c t ed . Each odo r ant  has a g i v e n  poss ib le  pa i r s  of p s y c h o l o gi c a l  v a r i a b l e s .
d egr e e  of r e l a t i o n  or v . c ig t • t i i i g  b r  ~‘ •i~ h These  cor re la t ions  are displayed in Table
fac to r. l ab le  V g iv e s  the 9 f a c t o r s  and the VI.
t h r ee  chemica l s  w h i c h  we ’r e wei gh ted  hi gh e s t  A puin t  of d i s c u s s i o n  about  c o r r ei at i on  -

on e a ch  of the l a c t o rs .  Thus , each  ot t he se  may be in o r d e r ,  C o r r e l a t i o n  is  a s t at i s t i -
groups of 3 chemica ls  have a s i m i l a r  c h a r a c  - cal t echnique fo r  d e t e r m i ni n g  the d e g r e e  of - -

t e r i s t i c  of smel l  wh ich  makes them a l ik  • r e l a t i o n s h ip  be tween  two v a r i a b l e s .  Thi s - —

To give th e  f a c t o r s  names in t e r m s  of d c  s t a t i s t i c , label led  r , can range  f r o m  -1 .00  to
29 i t t r i b u t e s  on whi h they  w e r e  r at v d , the -‘l .OO . A .00 r e p r e s e n t s  no r e l a t i o n  whi le
hi g h r a t i ng  a t t r i b u t e s  w e r e  examined  for  +1 ,00 r ep r es e n t s  a pe r f e c t  pos i t ive  r e l a t i o n ,
c i ~:h gr o u p  of 3 c h e m i c a l s . F rom this  and  -1.00 a p e r f e c t  n e g a t i v e  re la t ion .  V a l u e s
in fo rma t ion, t e n t a t i v e  name s have  been g ive n in b e t w e e n  i n d i c a t e  v a r y ing  deg rees  of rela-
the f a c t o r s .  The naming of some of the t ion.  Thus  +0.80 indicates  a hi gh pos i t ive
fac to r s  wa s r e l a t ive l y eas y whi le  o t h e r s  are re l a t ion  while +0.40 i n d i c a t e s  a m o d e r a t e l y  -

l i t t l e  more  than  educated guesses .  Th e pos i t ive  degree  of re la t ion.
names g i v e n  the f ac to r s  a re  a lso shown in Examina t ion  of this  t a b l e  r e v e a l s  some
Table V . in te res t ing fac ts . Fi r s t , many of the phy si-

Phases  I and II provided the basic m a t e -  cal va r i ab l e s  w e r e  h igh ly  r e l a t e d  to one -

r i a l  f o r  d e t e r m i n i n g  the r e l a t ion  between another . Second , the psychological  s-ar ia-
phy s i c a l  and sub j ec t i ve  p r o p e r t i e s  of odor-  bles were genera l l y un re l a t ed  too ne a n o t h e r ,
ants :  the v a l u e s  f o r  the 30 odorants  in Thi rd , t he re  were  many s ta t is t ical ly si gnif -
t e r m s  of the 18 phys i ca l  va r iables  and the 12 icar .t  corre la t ions  at the S per  cent  level  of
psycholo gical va r i ab les , conf idence between phys ica l  and psycholog-  -

ica l proper t ies .  A s ta t i s t i ca l ly  s i g n i f i c a n t
r at the 5 per cent  level  of conf idence  f o r  these  --

TABLE IV . 29 SENSORY A T T R I B U T E S  data  is about  0.34. This  i reans that the
ON W H I C H  ODORANTS V. ER E  R A T E D  relat ion found would be g rea t e r  than zero

__________________________________- ~~~ 95 t i m e s  out of 100 ,
sulfu r ous The fact that many of the physic al var ia-  -
goaty able s were  hi ghly cor re la ted  led to the
oily dec i s ion  that  a fac tor  anal y sis be con du cte d
5moky for these var iables .  Thu s , jus t  as wi th
spicy the analy s i s  p e r f o r m e d  e a r l i e r  f o r  odorants .cool the smal les t  number  of independent  dimen-
fi sh y 

- sion s we r e wa nted which  would d e s c r i b e  the
medicina l da ta. In this case , phy s i c a l  var iab les  w e re
dry to be grouped togethe r that  vary in the same
burnt way over the 30 odorants .
f lowery This f ac to r  anal ys is  was conducted and
garl icky five phys i c a l fac t or s w e r e  found . Table VII
f r a g r a n t  g i v e s  t he  we ig h t i n g s  on each of the f ive
woody f a c t o r s  for  the 18 phy s i cal  v a r i a b l e s .  By
pungent ex a m i n i n g  which  phys i ca l  var iables  were  very
warm h ig h or ve ry  low on the 5 f ac to r s , the y we r e
m u s t y  given ten ta t ive  names  shown at the top of
sweet  Table VII , hope fu l ly  r e p r e s e n t i n g  basic phys-sou r 

- ical fa c tors .  Na tu ra l l y ,  these factors are a
ethe rish resu l t  of the phys i ca l  values for  the 30
pu t r i d  s u b s t a n c e s  which  we r e stu died and whi ch
heavy mig ht d i f f e r  to some extent  f r o m  th e fac t or s -

t a r ry  found for  other ma te r i a l s .
f ru i ty  The next  s tep was to find out how the
acr id  

• 12 psychologica l  v a r i a b l e s  re la ted to the S
metallic physical  f ac to r s .  This  was done by a statis-
rancid  t ica l  tech nique wh ich  wei ghted each of the
p r e f e r e n c e  12 p sycho log i ca l  va r i ab le s  on the 5 phys ica l
in tens i ty  f a c t o r s . These va lues  are  giv en in the lower

halt of Table VII , These numbers can be 
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TABLE V . QUALITATIVE FACTORS DETERMINED BY FACTOR
ANALYSIS WITH HIGHEST THREE CHEMICALS IN EACH FACTOR

FACTOR A FACTOR B FACTOR C

Fragrance  E t h e r i s h  Sweet

meth yl sa l icy late 1 -propanol methanol
benzy l acetate meth y l eth y l ketone 1-butanol
i so - s a f r o l e  ethanol  van illin

FACTOR D FACTOR £ FACTOR F

Burnt Rancid Resinous

guaiacol but yric acid heptanol
eugenol skatole octanol
skatole octanol pentanol

FACTOR G FACTOR H FACTOR I

Sou r Spicy Goat y

hexanol benzaldeh y de buty r ic acid
eth y l acetate amyl acetate eugenol
butanol py ridine ethy l suiphide

considered as cor re la t ions , thus the higher  threshold, as might be expected , since it was
the positive or negative number  the more determined from suprathreshold judgments .
a psychological  v a r i a b l e  is wei ghted on a Turning  to the qualitative psychological -

given physical factor .  The last column , h2 ’ va riables , Table VII reveals that some van -
represen t s  the percentage variance accounted ables are not weighted much at all on the
for by all five physical fac tors  for both the physical factors .  These are Factors D , E ,
physical  and psychological properties. This G, and H . For the other factors  there are a
number can range from .00 , or no variance number of hi gh weightings on the f ac to r s .
accounted for , to 1.00 , or 100 per cent of These values are sometimes reversed , as in
the variance accounted for , the case of psychological  factors A and B on

Consider the f i r s t  type of sensat ion--  physical factors  A , B . and C.
intensity . Examination of the values in Table What general  conclusions can be drawn
VII reveals that the measures of intensity f r om the r esul ts  of these analyses ? Fir st ,
are hig hly related to several of the physical a word of caution. The studies r epor ted
factors.  Some physical factors do not seem here were conducted for 30 out of the l i t e r -
to be as important  for one measure  as for all y hundred of thousands of possible odor-
another, For example , Factor D , polarity, ants . Considering the psychological varia-
appears to be important to threshold but not bles for supra threshold  intensity and rate
to supra threshold  intensi ty . For other phys-  of adaptation , a hi gh degree of confidence is
ical factors  there exists an opposite relation possible. However , absolute threshold meas-
to subjective factors .  For example , on urements  were taken from the l i t e ra tu re  and
Factor A , molecula r size , hig h int en sity is f rom d i f fe ren t  exper imenters , and with all th e
negativel y related - -while high thre shold , thus problems of control in olfactory expe rimenta-
low se ns i t iv i t y, i s also negatively related . tio n it is possible that different values might
One mi ght interpret  this result to mean that , be obtained if one experimenter had deter-
in genera l , larger  molecular size goes along mined all the thresholds. Some of the quali-
wi th  low suprathreshold intensity but low tative factors are quite clear , but as pointed
th r eshold . Thus , conclusions about the out earlier , o thers  are not at all definite and
intensity of odorants drawn f rom physical  would require the inclusion of other odorants
data dif fer  considerably, d e p e n d i n g  on high in the weak factors for clarif icat ion.
whe ther one is concerned with sup ra th res-  The results , then , taken in the l ight  of
hold or absolute threshold measures .  Rate the previou s qual i f ica t ions  still  offe r a con-
of adaptation in general is not weighted as s iderale  amount of hope for  under s t and ing
heavily on the physical  factors as are the the process of o l fac t ion  and developing a use-
two other intensity measures . It resembles f u l  c l a s s i f i c a t i o n  s y s t e m .  F i r s t  of a l l , the
su prathreshold intensity more than absolute resu l t s  on in tens i ty  give clear evidence tha t
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a l a r g e  p ropor t ion  of tki ~ v a r i a b i l i t y  in the may be a speci f ic  combinat ion of ph y s i c a l
i n t e n sit y  of ma t e r i a l s, whethe r s up r a t h r e s -  p roper t i es  i n t e r a c t i n g  w i t h  the o l f a c t o r y
hold or absolu te  th resho l d is u sed  as a r eceptor . Or if one s u b s c r i b e s  to th e  t h e o r y
m e a s u r e , can be a c c o u n t e d  for  by a coin - that  there  are  unique o l fac tory  r e c ep t o r s 1
b ina t i on of ph y s i c a l  v ar ~ .tbles . The re  is also then  it may be t hat  they  a r e  s t i r n ~~la ted
a good indicat ion ttiat the meaning of l i l t e n-  d i f f e r e n t l y on the bas is  of p a r ticul-ar  ph y si c a l
a i ty  is d e f i n i t e l y dependen t  on w h e t h e r  t h r e s  - p roper t ies  of the odoran s.
hol d ox’ su p r a th r e s h old  values a r e  involved . Thus , so me def in i te  i n r o a d s  have  been

The phy s i c a l  f a c t o r s  invo lved  in in tens i ty  made into the problem of u n d e r s t a n d i n g
a re  concerned  w i t h  the c h a r a c t e r i s t i c s  of the o lfac t ion , but more work is ce r ta in l y needed .
odorant  molecule , wh ich accoun t  for i t s  being Bat te lle  is c u r r e n t l y  co l l ec t i ng  data on odor-
c o nce n t r a t e d  in the a rea of the olf act or y an ts  by gas -ch romatographic  a n a l y s e s . U s i n g
epi the l iuns , absorbed  by it , and p e n e t r a t i n g  these techniques, at tempts ar e being made
and h a v i ng  some p a r t i c u l a r  chemica l  a b i l i t y  to s imula te  the v a r i o u s  a d s o rpt i o n  proc-
to act on the  o l fac tory r ece ptor . The exact esses  of the human nose in an a t t e m p t  to
deta i l s  of th: s p rocess  are yet to be com- clarif y the role of adsorpt ion in o l f ac t ion .  The
pletely de l inea ted , but these  r e su l t s  should three types of o l f ac to ry  s u b s t a n c e s  being
hel p to cl a r i f y c e r t a i n  points, simulated are the nasal  mucosa , the f l u i d

As t ar  as the q u a l i t a t i v e  f a c t o r s  are bathing the olfactory recep tor , and the recep-
conce rned , the  f a c t o r s  t h e m s e l v e s  a re  of tor ma te r i a l  i t se l f .  Ev idence  co l lec ted  to date
some i n t c r • st , si nce they r ep resen t  a f i r s t  indicates that this is a p r o m i s i n g  approach.
a p p r o x i m a t i o n  of a c l a s s i f i ca t ion  sy s t e m  We a re  hopefu l  that  the nex t  few  y e a r s
developed f r o m  s t r i c t l y e x p e r i m e n t a l  pro-  will  r e s u l t  in a real b r e a k t h ro u g h in the
c e d u r e s .  Wha t  the wei gh tings  on the phy si- understanding of olfaction and the app lica-
cal f ac tors  indica te  is that  par t  of what tion of this  knowled ge to the r e s e a r c h  and
makes  an odor smel l  in a pa r t i cu la r  way development  of m i l i t a r y  no t ions .

B. THE ABILITY OF HELMETS TO ATTENUATE SOUND , by Alexander Cohen , PhD. , U .S .
A r m y  Quartermaster R&E Command , Natic k , Massachusetts

I. The need for noise protect ion II . Desc ri ption_of headj~~~~

One of the basic  f u n c t i o n s  of he lmets  f o r  F igure  1 shows d i ft e  r en t  v i e ws  of a hel-
armo r ar. a i r c r a f t  c rewmen is to f u r n i s h  met now in d e v e l op m e n t .  lt is des i gned f o r
n oise pro tec t ion .  Such pro tec t ion  is neces -  a rmor  c rewmen  and is in tended , in part , to
sa ry since the noise  le v el s gene rated by provide  for  noise  suppress ion . Wi th  onl y
combat vehic les and a i r c r a f t  are potentiall y few exce p t ions , the basic f e a t u r e s  of t h i s
hazardous  to opera t ing  pe r sonne l .  Indeed , i tem exemplif y those  fo und in o ther  a r m o r
v , ithout  so me safeguards, these noise condi-  and a i r c r a f t  c r e w m e n  he lme t s .  Th ~ h e l m e t
tio ns may cause: shel l  of thi s  par t icu la r  iten-i  is c o n s t r u c t e d

( 1)  losses  in hea r ing ,  both t emporary  of bal l is t ic  res i s tan t  mater ia l. The ins ide
and permanent  ( I l , 12) su r f a c e  of the shell  is a l so  covered  with a

(2)  d i s rup t ion  in communicat ions (6 , 7) li ner  having crash  pro tec t ive  p rope r t i e s .
(3 )  i n t e r f e r e n c e  wi th  v i s i o n , touch 1 and The helmet  is held on the head by a s l ing-

coord ina t ion  (1 1)  type suspens ion  sys tem cons i s t i ng  of t h r e e
(4)  fa t igu e ( 1 1 , 12) adjustable  web s t raps  and a sweat -  and neck-
(5) impairments  in a ler tness  and su r-  band. Fu r the r  s t a b  i l i t  y is g iven by the

veil lance type behavior (5 , 15) doug hn ut-shaped , wool-cove red earpads of
( 0 )  d i f f i c u l t y  in problem solving (14 , 16) the i n t e g r a l  communica t ions  kit . These ea r -

Obviously,  any or all of these  e f fec t s  wil l  pads house a se.t of e a rp hone s and a r e held
reduce  the eff iciency of personnel in com- snug ly aga ins t  the e a r s  by sponge rubber
bat si tuations.  Incidentall y, the mounting spacers  (not shown in Figure 1) between the
cost of co mpensation for  s e r v i c e - i n c u r r e d  earpads and the he lmet  shell.  Other com-
he a r i n g  loss to ve te rans  (40 mi l l ion  dol lars  ponents of the c o m m u n i c a t i o n s  gear  include
a yea r  at p r e s e n t  ( I )  and the presence  of a boom-suspended microphone , a 3 -pos i t ion
s e v e r e  h e a r i ng  losses in c u r r e n t  armor se l ecto r  switch for r e c e i v i n g  or t r a n s m i t t i n g
( 2) ari d a i r c r a f t  p e r s on n e l ( 13 ) t e s t i f y ,  in part , in format ion  throug h r a d i o a n d / o r  in te r -phone
to th e  si gnif icance of the noise problem. My sys tems , a quick-disconnect  l ine  cord wi th
aim in this paper is to review some basic collar clip.
noise  suppress ion  problems which are com-
mon to both combat vehicle and a i r c r a f t  UI . Sound attenuation of he lme t s
c r e w me n hel met s , a nd to ind ica te  possibili-
t i e s  for  r e s o l v i n g  the m , Major  emphasis  in The ability of a helmet to give noise
t h i s  p r e s e n t a t i o n  wi l l  be given to he lme t s  protect ion is reflected by i ts  sound attenua-
tor a r m o r  pe r sonne l . t ion p roper t i es .  In genera l , the g rea t e r  the

r)7
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Figure 1. Two Views of Armor  Crewman’s Helmet



ove ral l  a t t enua t ion  a f fo rded  by a head gear  IV , H e l m e t  resonance
ite m , the g r e a t e r  the amount of noise pro-
te~~tton  p r o v i d e d  by that  i t em to the we , ir e r . The p rob lem of i nad e q u a t e  low f r equ e n c y
Sound a t tenuat ion is typ ica l l y m e a s u r e d  by a t t t -nua t io n is f u r t h e r  accentua te  II by another
the t h r e s h o l d - s h i f t  p r o c ed u re  ( 3 ) .  In t h i s  p r o p e r t y  of he lmets . In most combat hel-
t e c h n i q u e , the m i n i m u m  au d i b l e  i n t e n s i t y  fo r  met s , incl uding those for  a rmor  c r e w m e n ,
d i f f e r e n t  f r e q u e n c y  sounds is- di’ t & -r m i ne d  f o r  an a i r  cavi ty  exists between the crown of the
a l i s t e ner when bareheaded  and then  r e -  helmet and the w e a r e r ’s head . T h i s  p ro-
d e t e r m i n e d  fo r  t he  same l i s t e n e r w h e n  w e a r -  vides c l ea r ance  for the  h e l m e t  to c u s h i o n
ing the i tem unde r study .  D i f f e r e n c e s  the head against  impact . The a i r  space a l su
betwee n the th re sho ld  i n te n s i t i e s  o b t a i n ed  makes i t  poss ib le  to ven t i l a t e  the head a r e a .
w it h  and wi thout  the h e a d g e a r  be ing  ~s o rn , At  the  same t ime , h o w e v e r , t h i s  a ir  c~~v i ty
are expressed in decibel  un i t s  and ind ic . it l -  has  a c e r t a i n  f r e q u e n c y  of r e s o n a n c e .  T h i s
the ex ten t  of the i t em ’s a t t , -n u at lIri. The means  that in a sound f i e l d , the ai r c a v i t y
sound a t t enua t ion  for  some e x i s t i n g  a r m o r  wi l l  r e i n f o r c e  or amplif y t he l e v el  of Ir e -
and a i r c r a f t  c r e w m e n  h e lm e t s  is showi  in quency  componen ts  c o r r e s p o n d i n g  to i t s  res-
Fig u r e  2 . The h o r i .’on t a l  a x i s  ( a b s c i s s a )  onant f r eq u e n c y .  U n f or t u n a t e ly ,  the  a i r
i n d i c a t e s  the Ir e q u en cy  of the  t i s t  sound and space in h e l m e t s  has a c h a r a c t e r i s t i c  lo ’.I.
the v e r t i c a l  ax i s  ( o r d i n a t e )  sh ca 5 sound f r e q u e n c y  of resonance (about 400 c p s i .
s u p p r e ss io n  in dec i b e ls  w h i c h  was p r o d u c e d  Thus , t h i s  r e s o n a n c e  e f f ec t  wil l  s e r v e  t o o f f -
by the head g e a r  at tha t  f r e q u e n c y .  Note  that  Set  the a m o u n t  of a t t e n u a t i o n  that  t he se
al l  the cu r v e s  show gr • ’ate r a t t enua t ion  fo r he lmet s  can provide again st  lu -a f r eque ncy
hig h f r e q u e n c y  sounds  ( a b o v e  1000 cp s )  th a n  n o i s e ,
for low f r e q u e n c y sounds  (be low 1000 c -p s ) .
Th i s  is c h a r a c t e r i s t ic  of a l l  t -  pes of ea r
p r o t e c t i v e  d e v i c e s  (earp l u g s , e a r pa ds , he l -  V . Compat ibi li ty  wi th  acces so ry  he adwear
me t s  or combinations  of these  it eins ),  ari d
s e r v e s  to hi ghli ght on e of the ’  ma in  p rob-  W e a r i ng  a he lmet  in combina t i on  wi th  a
le ms in e f f e c t i v e l y r educ ing  a r m o r e d  v eh i c l e  gas m a s k  and hood a n d / o r  w i n t e r  c l o t hin g
and  a i r c r a f t  noise.  Spec i f i ca l ly ,  the  more  m ay  also c r e a t e  acous t i c  p rob lems . T hese
in tense  componen ts  of th i s  noise  a r e  below i t e ms , when  worn  u n d e r  the helmet , wil l
1000 cps or in that region where  ear pro-  b r e a k  the s e a l s  be tween the ea rs  and the
tec t ion is leas t  e ff ic i ent ( 1 , 17). These  low h , ’imet  e a rp i e c e s .  Th i s  r e d u c e s  the sound
f r e q u e n cy  sounds  a rl  ha ra~~t e r i s t i c a1 ly more  a t t e n u a t i o n  n o r m a l ly g iven  by the he lme t
fa t igu ing  to the ear and can readi l y mask when  worn alone. F i g ur e  5 shows the change
speech (6 , 7) .  F igure  3 f u r t h e r  i l l u s t r a te s  in a t t enu a t i o n  w h i c h  r e s u l t s  when the gas
th i s  p rob lem.  The uppermost  c ur v e  fri t h f s  mask  and hood a re  worn  u n d e r  v a r i o u s  t y p e s
g r a p h r e p r e s e n t s  the a v e r ag e  of the h i g h e s t  of h e l m e t s . The  e f fe c t s  of u s i n g  these  ac -
octave ba nd noise levels  found  in a n u m be r  c e s s o r y  i t e m s , a s you  can see , va ry  f ro m
of ar mored veh i c l e s .  The curved  broken  he lmet  to he lmet  and f rom test  f r equency  to
l ine  r e p r e s e n t s  a s ug g e s t e d  t o l e r a n c e  l imi t  t e s t  f r e q u e n c y .  The l a r g e s t  loss in at tenua-
( ‘i Z )  above which  noise e xp o s u r e  ior  long t ion  is about 15 db . The d i f f e r e n c e s  between
per iods  of t ime  is e x p e c t e d  to se rious ly  the cu rves re f l ec t  the fac t  that the earpieces
i m p a i r  h e a r i ng .  The noise  levels  for  the in some helmet a s sembl ie s  are f o r m e d  of
s p e c i f i e d  a r m o r e d  v e h i c l e s  exceed th is  to l -  more pl iable ma te r i a l s  than in o the r s .  The
e r a nc e  l i m ~t at al t  f r e q u e n c y  bands , the low more pliable the earpad , the gr eater  the
fr e q u e n c y  sounds be ing  the g r e a t e s t  t r a n s -  p oss ib i l i ty  of r e ta in ing  a par t ia l  seal w i th
g r e s s o r s . The plotted points  i n d i c a t e  e s t i -  the ears , despi te  the p resence  of the s t r aps
mate s of noise l ev e l s  r each ing  the ea r  when  of the mask and the hood f ab r i c .
dif f e r en t  h e l m e t s  a r e  worn  u n d e r  such noise
c o n d i t i o n s .  These  v a l u e s  have  been d e r i ve d  

-f r o m the sound a t t e n u a t i o n  c u r v e s  of these VI . Hear ing ambient sounds
headgear i t ems  and have  been adjusted to
ac count  for 90% of the l i s t e n e r  population. Most of the above remarks have dealt
As y ou ca n see , none of the helmets  will with the noise at tenuat ion requi rements  of
reduce  the low f r equency  components  of combat vehicle and a i rc ra f t  c rewmen hel-
a rmo red vehicle n oise to sa f e o r tole ra ble mets.  The sound suppression capabi l i t ies  of
le vels. Fi gure 4 ind ica te s  that  s imi la r  th ese hel mets , however , ha ndicap the weare r
resul ts  occur when the various he lmet  i tems under  condi t ions  requir ing normal hear ing.
a re worn in a f ie ld  of a i r c r a f t  noise.  I For example , the armor crewman may be
should indicate  h e r e  tha t p rospec t ive  in- outside the vehicle and doing patrol or sen-
c reases  in the  power of a rmored  vehicles  t ry  duty. A pilot may wish to hear the noise

— and ai r c r af t wil l  probabl y lead to even higher  of his plane ’s engines so as to monitor be t te r
noise le vels ,  Hence , the amount of noise the i r  per formance .  Under  these condi t ions ,
r eac h in g the ea r , despite the use of these  a means  of pe rmi t t ing  sounds to pass to the
helmets , will r i se  acco rding ly. ears  with minimum attenuation is required.  
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One solution fog the a rmor  c r e w m a n  would ponents of th~s no ise  than  c o n v e n t i o n a l  ear
be to w e a r  a n o n - a t t e n u a t i n g  he lmet , e.g. , p r o t e c t i v e ’  i t t - m s  (~~~ , 10) .  T he a e o u s t i I  r e f l e x
?.t - l  s te el he lmet  in the p a r t i c u l a r  s i tua t ion  i n v o l v e s  c o n t r a c t i o n  u l mu c l es  -a i t h in  II. ,-
d e s c r i b e d  above. t h e  pilot could si mp l y take ea r whi  h , i n e t i c e  t , r e d u c e s th e ’  amoun t  of
~ tt  his hel met . Logist ical  and sat e t y  Con sound e n e r g y  that can  pass t h r o u g h the  e a r .
s i d e r . i t i on s  among o the rs , h o w e v e r , make U n f o r t u n a t i -l y,  t h e  u s e  ol t h i s  p r i n c i p~~- is
t he se  re medies  appear  u n fe a a ib l e .  Pe rhaps  r est r~~ ted  to shor t  b u r s t s  of no ise .  t s
.i b e t t e r  t e c h n i q u e  would be to des ign  some e f f e c t i v e n e s s  in r edu  ing s u s t a in e d  or con-
fea tu re  into the helmet  which would  enable  t inuous  noise  is qu~- st i o n a b l e .
the wea r e r  to offse t  the sound a t t e n u a t i o n , The p r i n c i p le of no i s e  c a n c e l l i n c  a1~ o
de pending upon his need to h e a r  ambient  h o l d s  p r o m i se  of i m p r o v i n g  the s u p p r e s si o n
sounds , of low I r e - quency  sounds  ( l a ) .  In t h e o r y ,

t h i s  not ion  c o n s i st s  of supe rpos ing  no i se  of
e q u a l  amp l i t u d e  but  oppos i te  phase  upon the

V~~ Poss ib le  s o l u t i o n s  u n d e s i r e d  ambien t  noise , the net resu l t  of- 
the su p er p o s i t i u n  being -,.ero noise. 1 e st s  of

Some basic problems r ega rd ing  the t h i s  t e c h n i que w i th  s t andard  com munica t ions  -
acous t i cs of h e l m e t s  have  been p r e s en t e d . g e a r  have  shown  i n c r e a s e d  s u p p r e s s i o n  fo r  -
What  are  some proposed so lu t ions  to these  lo f r e q u e n c y  sounds .  Sounds of hig he r
problems ? t r e q u e n c y ,  h c wev e r , we re amplified . One

F i r s t l y ,  it should be noted that  hel mets  l i f f i c u l t y  wi th  the cance l la t ion  Lechnique is
wi th  ideal  a c o u s t i c a l  f e a t u r e s  wi l l  s t i l l  p r o -  t h a t  it  r e q u i r e s  ri gid p e r f o r m an c e  charac-
- i de only l i m i t e d  no i se  p r o t e c t i o n . Fo r t e r i s t i c s  in ea rp hones  and mic rophones .
example , noise  may pass into t h e  inner  ear Standard  communica t ions  gear  donot  possess
via  the skull and ske le ton  of the bod y and such f e a t u r e s .
t h e r e b y by pass any ear p ro tec t ion  device .  The e f f e c t s  of a i r  cavi ty  resonance  -
Some p r e l i m i n a r y  find in g s  at our labora tory  can be o f f s e t , in par t , by isolati ng the hel-  -
s i ~~’est t h a t  th is  t y p e  of e f f e c t  is p r e d o mi-  me t  e a r p i e ces  t h r o u gh e i t h e r  independent
nant with  w e a p o n - ty p e  noise .  Based upon l inkage wi th  the helmet  shell  or by means of
t e m p o r a r y  l o s s e s  in h e a r i n g  fo l lowing  cx -  acous t i c  b a r r i e r s. A c o u s t i c  l i n e r s  w i t h  l a r g e
posures to machine  g u n - f i r e  i~oise and con- s u r f a c e  a reas  fo r  sound abs orp t ion  could also
t i n u o u s  no i se  fo r  c o m p a r a b l e  d u r a t i o n s  and be- used  to reduce  the cavi ty resonance
equated  e n e r g y  l e v e l s , it was fou nd tha t the  e f fec t .  An e v e n  be t t e r  approach  to th is
use of an armor c r e w m a n’s he lm et gav e l e s s  problem would be to change the resonant
p r o t e c t i o n  to the weapon noise than to the f re q u e n c y  t h roug h conf i gura t ional  or s t ruc-
co nt inuou s  noise.  Conce ivabl y ,  the c h a r a c-  t u r a l  changes  of the helmet  shell . Pe rha ps
t e ri s t i c s  of weapon noise , i .e ., s h a r p  wave by this  method , a resonant  f r equency  could
f r o n t s  of sound caused  by sudden  r i s e s  to h ig h be produced which  is l e ss  intense in the
peak i n t e n s i t i e s, we re r e sp o n si b l e  for  t h e s e  operat io nal noise f ie ld or wh ich  is  r e a d i l y
sounds p a s s i n g  t h i ou g h the body - ah i t e  u n d e r -  a t t e n u a t e d  b y the e a r p i e c e s.
goin g ve ry  little a t tenua t ion  f rom the he lmet .  The a t tenuat ion  losses which occur
Rega rd less , other n i c a s i res than ear pro- when wea r ing  the helmet  in combinat ion
tec t io n devices  mus t  be used  to cope with wi th  a cces so ry  c lothing ref lect  basic in-
the noise p roblem.  One of t i - ese  should be com p a t i b i l i t i e s  between the var iou s i tems.
no ise  c o n t r o l  at the source  th rough  the  use  More  pliable ea rp ieces  will partially allevi-
of noise suppressors  or be t t e r , e n g i n e e r i n g  ate th i s  problem . ~ iat i s needed however ,
noise out of opera t ing  equ ipmen t . r0 be su re , is a more  i n t e g r a t i v e  approach to headwear
the latte r approach must  come e a r l y i n the des ign  - - one that wil l  i n c o r p o r a t e  the e f f o r t s
de sign s tages  of any piece of h a r d w a r e ,  of the va r ious  t e c h n i c a l  services .  A s tar t
Anothe r poss ib i l i tj  is to enc apsu la te  or has  been made in this  d i r e c t i o n  wi th  r e g a r d
acous t ica l l y shield a man or c rew f r o m  the to the development of a new helmet  for  a i r
noise source .  c rewmen ,

Alo ng wi th  these control measures , the re  Variou s p r o p o s a l s  have been con -
is r oom for improv ing  the noise p ro tec t ion  s ide red  in solving the problem of hea r ing
given by hel me t s .  Des ign ing  the arp ieces  ambient  sounds whi le  wear ing  a sound a t -
to inc lose a g r e a t e r  volume of a i r , for exam- tenuat ing he lmet . One s imple t echn i que
p lc . wil l  hel p to reduce the passage of low conSis ts  of a s t r i n g - l e v e r  dev~ce whic h , when
f r e q u e n cy sounds to the ea r s  (8).  How operated , can b r eak the seal be tween  the
la rge an a i r  i nc losu re  is needed to suppress  ear and one of the h e l m e t  e arp ieces .  Th i s
adequatel y the low f r e q u e n c y  components  of enables sound to pass th rough  one ear wi th
a rmor  or a i r c r a f t  noise , howeve r , is not as m i n i m u m  a t t e n u a t i o n .  However , the de mand
yet  de te rmined .  Worke r s  at the A r m y  M e d i -  for  c l ea rance  between the earpad and h e l m e t
cal Research  Laboratory have recent l y fou nd shel l  to accomplish an ef fec t ive  break in the
that  a c t i va t i ng  the acoust ic  r e f l ex  j ust pr ior  seat means that a large and consequent l y a
to a b u r s t  of weapon noise seemed to g ive h e a v i e r  h e l m e t  is needed wi th  th is  technique.
more at tenuat ion to the low f r e q u e n c y  com- Another  solut ion has been to ins ta l l  ports in
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the c a ip i e c e s of the h e l m e t , w h i c h  v a n  be 7. H a w l e y ,  M . ari d K. D . Dry t e r . Hand-
opened or closed , d e pen d i ng  upon (he w e a r e r ’ s book of N o i s e  Con t ro l  ( E f f t - c t s  of noise  on
in t e n t  to h e - a r  am b i t n t  no i se ,  speech - Chap. 9) . Mc Cr a w - Hi l l  Boc~ Co .,

1957 .Still  anothe r and more  s o p hi s t i c a t e d  8. Zwis locki , J. Handbook of No i sep r o c e d u r e  i n v o l v e s  the use of a d iap h r am  in Contro l  (Ear  p r o t e c t o r s  - Chap. 8) . M c G r a w  -the ea rp ieees  wh ich  w i l l  t r a n s m i t  sounds  
Hill Book Co. , l9~ 7 .below a c er t a i n  i n t e n s i ty  to the ears .  Once 9. F le tche r , 3. L . Cori p~ r i s o n of a t -this  level  is e xce e d e d , the diap hr agm h i t s  a tenua t ion c h a r a c t e r i s t i c s  of the a c o u s t i csto p which i rripedes f u r t h e r  sound t r a n s m i s -  
r e f l e x  and the V - S I  e a rp lug.  USAMRL Rept .sio n to the ea r s.
397 , Fort  Knox , Ky . ,  Sep. 1959.

Design r e q u i r e m e n t s  for  he lmets , e .g. ,  10 , Fletcher , 3. L. and A. .1. Riopetl e .
li ght in wei ght , min imum ex t e r n a l  conl igura - The p r o t e c t i v e  e f fec t  of the acoust ic  r e f l ex
t ion , pro v i s i o n  for vent i la t ion  of the head , for impulse noises.  U S A M R L  Rep t .  396 ,
impose c e r ta in  r es t r i c t ions  in their  g iv ing  Fort Knox , Ky .,  Sep. 1959.
ef f e c t i v e  noise p ro tec t ion .  W i t h  on ly few 11. Davi s , H. et al . Hi gh in tens i t y
c o m p r o m  i s e s , h o w e  v e r , the above - noise and m i l it a r y  opera t ions  - - an ev a lu a -
ment ioned techniques  can i m p r o v e  the t ion.  CHABA Rept .  No. 1 , Ar med Forces  -

acous t ics  of he lmets.  National R e se a r c h  Council Commit tee  on
Hea r ing  and Bio-acou stics , Jan. 1954 .

12 . Rosenbl i th , W . A. and K. N.  Ste vens .
VIII . s Handbook of acous t i c  noise control , Vol. II .

Noise  and man. WADC Tech. Rept . 5 Z - Z ( ~4 .
1. Johnson , K. 0. Ve te rans  corripen- W r i g h t -Pa t t e r son  AFB , June 1953 .

sa t ion  fo r  h e a r i ng  loss . Jour .  Speech  and 13 . Kopra , L . H e a r i n g  losses among
Hea r ing  Di so rde r s , ZZ , 73 1- 733 , Dec. 1957 . Ai r Force Flig ht - l ine  pe rsonne l .  J. A c o u s t .

2 . Fletche r , 3, L . and L. N . Solomon. Soc . Am er ., 29, 1277 -12 83 , 1957 .
14 . Wo odhead , M . E f f ec t  of br ief  loudA s u r v ey  of h e a r i n g  losses  among a r m o r  -

personnel .  U S A M R L  R e p t .  282 , For t  Knox , voice on dec i s ion  making.  J. Acous t . Soc.
Jan. 195 7 , Amer ., 31 , 1329-13 31 , 1959.

15 . J e r i son, H. J . P e r f o r m a n c e  on a
3. Hansen , R . G. and D. T . Black stock.  s imp le vigilance task  in voice and qu ie t .

WADC Tech .  Rept .  57 -772 , W r i gh t - P a t t e r s on .1 . ~~cou~ t. Soc . Amer ., 29 , l l b 3 - l l 6S , 1957 .AFB , Ohio , May 1958. 16. Broadbent , D. E . E f f ec t  of noise on
4. Coles Signal L a b o r a t o ry ,  Fo rt Mon- an ‘ ‘i n te l l e c t u a l ’ ’  t a sk ,  3. Acoust .  Soc.

mouth , Ne w J e r s ey .  A n a l y s e s  of noise in Amer ., 30 , 8Z4- 826 , 1958.
a r m o r e d  v e h i c l e s .  Suppl . R e p t .  B . Si gnal 17 . Be r r y ,  C. A. and H . K. Eastwood.
Corps C o n t r a c t  D A - 3 6 - O 3 9 0 S C O 6 4 4 o 9 .  Aug. Helicopter  problems:  No i se , cock p it con-
1955. tamin at ion  and d i so ri en ta t ion .  Aerospace

S. Broadbe nt , D. E. Handbook of Noise Med . 31 , 179-190 , 1960.
Control ( Ef f e c t s  of noise  on behavior  - Chap. 18. Meeke r , W . F. Act ive  ear de fende r
10). M c G r a w - Hil l  Book Co ., 1957 . sy s t ems :  component cons idera t ions  and

6 . Mil le r , C. A. The masking of theo ry.  W A D C  Tech. Rept. 57-368 , W r i g ht .
speech.  Psychol . Bull. 44 : 105- 129 , 1947 . P a t t e r s o n  AFB , Ohi o , Sep. 1958.

C. PROGRESS REP ORT ON AVERT , by Captain Jozef F. Senna , QMC , U.S .  A r my  Quar ter-
master Research and Engin eer ing Command , Na t ick , Mass.

The A i r  Vehic le  E n v i r on m e n t a l  R e s e a r c h  p r o b l e m  a r e a s  in this  fi eldan d  the monitoring
Team ( A V E R T )  is composed of technical  per - or conduct ing  of r e s e a r c h  for their  reso lut ion .
sonnel  f r o m  the Ba l l i s t i c s  R e s e a r c h  Labora-  As the Armed  Forces  major  u s e r  o f h el i .
tory of Ordnance , Si gnal R e s e a r c h  Labor a- copters , the A r m y  ha s be com e g rea t l y i n -
t o r y ,  T r a n sp o r t a t i o n  R e s e a r c h  Command, t e r e s t e d  in the h u m an  fac tors  e lement  of
A r m y  A v i a t i o n  Board , O f f i c e  of the  Surgeon  th is  mach ine  and , in t u r n , A V E R T  is a s s i s t -
Gene ra l , and Qu a r t e r m a s t e r  R e s e a r c h  and ing with the B io -en g i n e e r in g  problems .  Since
E n g i n -e r ing Command.  The team ob ta ins  its the helicopter is b a s  i c a l l  y an uns tab le
guida nce f rom an Ad Hoc Commit tee  on machine aerodynamically and requi res  the
A r m o r  fo r  A r my  A i r c raft  which  f u n c t i o n s  pi lot  to use all four of his  e x t r e m i t i e s  to
u n d e r  the ausp ices  of the T ranspo r t a t i on  m a i n t a i n  it in f l ig ht , the question has a r i s e n
R e s e a r c h  Command , as to the effect  of complete or part ial  loss

This team is p r imar i l y o r ien ted  toward  of an ex t remi ty  on pilot p e r fo rmance .  To
eva lua t ion  of the m i l i t a r y  envi ronment  for a ir  a s s i s t  in de te rmin ing  this , a Stud y is pres-
crew personnel  m a n n in g  low pe r fo rmance  A r -  entl y being conducted to eva lua te  means  of
my a i r c r a f t .  Its  purpose  is the designat ion of r e s t r i c t i ng  the m o v e m e n t  of an e x t r e m i ty .

t i .  

- ~~~-~~—~~~~~~~ - ~~~~ - -~~~



- - - _________ — ~‘ ~~~~~~
‘
~~

“ -- 
-

The r e s t r i c t i n g  t echn iques  being c o n s i d e r e d  c los ing  the  coc kpit a rea  wil l  ha~~e any d e let e -
a r e  the app l i l  it i o n  of an eie (  t r i c a l  s t i m u l u s  r i O u s  , - t l e  t on opera to r  p e r f o r m a n c e .
to C e r t a i n  motor  n e r v e s , t he  o c c l u s i o n  of A r 1 1 t h 1 - r p r o b l e m  be ing  s t u d i e d  is the
Liluod t i n ’.’ to in  ex t  r em i t y  by u s e  of a t o u r n i —  ~ i 1 t I -  r a e  t i n i  of a i r.  r a t t  s peed , a ir c  ra f t  a l t i —
quet , i z i -~ w e i g h t i n g  of the  ex t  r e m i t y .  t u d e  and t a r g e t  c o v e r a g e  h y v e y l- t a t i o n

In ii any o~ the p r e s e n t  h e l i c o p t e r s  the  ( c h t t I - r )  on an a i r  o b s e r v e r ’ s abi l i t y  t c
pi lo t  is s~ - ,t t e d in a pl e x i g lass  dome g i v i n g  d e t e c t  a n d / o r  i d e n t i f y  g r o u n d  t a r g e t s .  Thi s
him a lmos t  u n l i m i t e d  v i s i o n  to the f r o n t , s t u d y  w~ 1l g i v e  i n d i c a t i o n s  of t I e  best  f l i ~~} t
s i des , top and  lower  i r o r i t . Though  t h i s  h a s  a l t i t u d e s  b e tw e e n  50 an’: 800 fe e t  and the
c e r t a i n advan t ages , it a l so  ex poses t h e  o per -  bes t  f l i~- l i t  s p e i - d  b e i s e e e n  75 and 125 mph f o r
. it or  to -. ,ist amounts  of r a d i a n t  e n e r g y ,  t hus  c e r t a i n  v e g e t a t i o n  c h a r a c t e ri s t i c s .
inc  r , - ,t , in g  u s .  o i i i f o r t  b ecause  of e x c e s s  heat  O t h e r  A ~‘ERT s t i r l i e S  cov er i n t e r - c r a n i a l
w h i c h  leads to a m o r e  r ap id  onset  of f a ti gu e .  damage  d u r i n g  a v i a t i o n  c r a s h e s , i - f t c .  i i  of

r I a ’.  (or r e l a t i v e  to t h i s  exposed pos i -  av i a t o r  h e l m e t  co lo r  on hea t  t r a n s m i s s i o n,
t i o n ci a i r  U r I ”.’ p e r s o n nel  is t he  anx ie ty  or and e x p o s u r e  t ime  of low p e r f o r m a n c e  a i r -
“ s t r e s s ” r es u L t i n g  f r C I rn lac k of p ro tec t ion  c r a f t  to g round  o b s e r v a t i o n  when  f ly :n g  at low
or s h i e l l i r i g f r o m  e n e r i l v  f i r e  when  in com a l t i t u d e s  and s p e e d s .
ba~ s i t u a t i o n s .  l o  e l i m i n a t e  or r e d u c e  t h e s .i T he comple te  p re s e n t a: io n  of t h i s  s u b i - c t
. t i v e r s I - i - l i e  N of . r ew  ex posu re , an inves t i -  is c l a s s i f ied  C U N F I D E N I  I A L ;  the  t a lk  is  or
ela t i o n  h.1~ e e l  u n l : e r t a k en  to  d e t e r m i n e  if  f i l e  in the  Of f i ce  ol the  Ch ie f  Id R e s e a r c h  an u
l i m : t : r i g  t h e  o pe r a t o r ’ s v i s u a l  f i e l d  by in-  D ev e l o p men t , D e p a r t m e n t  ol t he  A r m y .
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A. THE M E A S U R E M E N T  OF NOISE OF U . S. A R M Y  WE APONS: Dr . Ka r l
D . Kry te r ;  Bolt , Beranek  and Newman , Inc ., Cambrid ge , M a s s a c h u s e t t s .

B. COMMUNICATION BY E L E C T R I C A L  STIMULATION OF THE SK1N:
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tory,  Ft. f~nox , Ken tuck y
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A. THE M E A S U R E M E N T  OF NOISES OF U. S. 4&J~~4y WEAPONSt by Dr . Karl D. Kryt e r ,
Bolt , Beran ek , and Newman , Inc .

INTRODUCTION in tegra to r .  The in tegra tor  had a time constant
of .2 second to simulate the g e n e r al  i rj t e —

The m e a s u r e m e n t  of the sound or “noise ” g r a t i v e  c h a r a c t e r i s t i c s  of the human ear . The
t r o m  Ii . S. Ar my weapons is a project  that r e s u l t s  of some of these physical  m e a s ur e -
encompasses  s e v e r a l  r i - s e a r c h  task s .  These  ments of the noise f rom weapons are  sum-
t a s k s , h o w e v e r , ar e  all  d i r e c t e d  toward  one mar ized  in Table I and F igure  1.
common goal: the de te rmina t ion  of the rela - We wish  to add , with r e g a r d  to our  phys ica l
(ion be tween  the m e a s u r a b l e  c h a r a c t e r i s t i c s  m e a s u r e m e n t s, that a l though the i nst r u m e n -
of the sound f r o m  weapons and damage to tat ion we used was genera l l y adequa te  f o r
man ’s audi tory  sys t em. W i th t h i s  relat ion de termining  the acous t ica l  spectrum~over the
establ ished , the A r m y  would have some of the range of most d i r ec t  concern  and i m p o r t a n c e
cr i t i ca l  i n fo rma t ion  r equ i r ed  to spec i f y the to h e a r i n g ,  f rom about 100 cps to 10 , 000 cps ,
operat ional  use of ex i s t i ng  weapons  and the we w e r e  not able to record  the noise impulse
n oise c h a r a c t e r i s t i c s  of new and proposed wi th  comp lete f i d e l i t y .  The pr inciple p rob lem
weapons that will  be tolerable to man’s lies in the fact  that the low f r e q u e n c y  response
h e a r i n g ,  of s t andard  magnet ic  tape r e c o r d e r s  cuts off

We  w i s h  to note that  the m e a s u r e m e n t s  and r a t h e r  s h a rp ly below 50 cps or so . Since gun
r e s e a r c h  we are concerned wi th  wil l  give us noise contains a g rea t  deal of energy  at lower
an swe r s onl y to the potent ial  damage ef fec t  f r equenc i e s  the waveforms  we recorded are
of d i f f e r e n t  weapons;  the ques t ion  of how of ten  somewhat  def ic ient  f rom an acoust ica l  point
a man wi l l  be exposed to d i f f e r e n t  no ises  of v iew . A t rue r  wave fo rm could be obtained
under  opera t ional  cond i t i ons , and how to by the use of photographic techniques used in
balance the p r e s e r v a t i o n  of audito ry  heal th  of con junc t ion  wi th  special methods of analysis
A r m y  pe r sonne l  w i t h  t a c t i c a l  m i l i t a r y  r e -  or by u s ing  magnetic tape r eco rde r s  that
q u i r e m e n t s, a re  r e s e a r c h  and policy m at t e r s  f r e q u e n cy  modulate the s ignal  to h igher  fre-
beyond the scope of this p r o j e c t .  quencies prior  to record ing  on the magnetic

We have d iv ided  the p r e s e n t  pr o j e c t  into tape. Perhaps some f ur t h e r  e f fo r t  should be
th r ee  t a sks , as fo l lows:  expended on obtaining h i g h e r  f i d e l i t y  analy s e s

1. The r eco rd ing  and analy s i s  of the phys - of the  noise f rom selected weapons .
ical c h a r a c t e r i s t i c s  of the  noise f r o m  A l t h o ug h  much is known about the e f f e c t s  of
U .S. A rmy weap ons.  stead y state noise  on hea r ing ,  l i t t le s p e c i f i c

2 . The genera t ion, in the l a b o r a t o r y ,  of i n fo rma t ion  is avai lable  as to the re la t ion
impulse  type noise s i m i l a r  to tha t  found  be tween  the var ious  c h a r a c t e r i s t i c s  of impul-
f o r  U . S. A r m y  weapons.  sive sounds arid h e a r i n g ,  other than it can , and

3 . The m e a s u r e m e n t  of the a u d i t o r y  f a t i gue does cause  a degree  of p e r m a n e n t  deafness .
(tem porary threshold  s h i f t )  caused by Perhaps the f i r s t  measure  of weapon noise
impulse type noise as funct ions  of the one would look at to estimate its deafening
rise t ime , peak ampli tude , repet i t ion ef fec t  would be its peak level measured over-
ra te  and number of repetit ions of the all f requencies.  However , some measure  of
noise ,  the extent  to which ei ther an i m p u l s i v e  or

steady stat e sou nd exceeds  the t h r e s h o l d  of
MEASUREMENT OF THE NOISE FROM hearing at each of the audible f requencies  is

U. S. A R M Y  WEAPONS likel y to be a be tte r measu re  for  evaluat ing
its potential  damage e f f e c t t h a n the peakover -

The work done on this aspect  of the project  all level . This is saying, in e f fec t , that it is
was presented in a previous  report  ( 1) .  Also , not the peak level reached by the sound wa v e
we made for Hesse-Eas tern  Company some when measured  overall f’~eque ncies simul-
measurements  of the LAW weapon (Project  taneously that is important , but ra ther  it is
54A). how this  energy is di s t r ibu ted  over the fre-

Br ief l y, the procedure  used in these studies quency scale. The reason , as shown in Fi g.
was to record on magnetic tape , with the aid 2 , is tha t the ear is more suscert ible  to dam-
of special microphones and peak level m di- age f rom some f requenc ies  thanf rom others .
cators , the  sou nd of the various weapons. It is in te res t ing  to note in this regard that
The r eco rd ings we r e then analyzed in the lab- the mathematical analys i s  of an impulse wave
orato ry to obtain instantaneous ove ra ll peak by the Fourier t r ans fo rm reveals that the
level s , r ise t imes to peak levels (the time shorte r the rise t ime , the grea ter  the hig h
that elapsed f r o m  the start  of the sound wave frequency content will be in the spectrum.
to its f i r s t  peak leve l ) , du rations , and oct ave Theoretically, then , we c an  calculate  what the
band spect ra .  The octave band levels were sound spect rum of an impulse no ise  will be
taken as the maximum value reached on an f rom a knowledge of its peak ove rall level and

‘F t  a wo rk is betnq p~ rt orme I Ufl -k’ t Contr oTt DA- -U- -~~7 MD-985, U. S. Amy Sut~eon Geneial.
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r ise t ime,  This is i l l u s t r a t e d  in Fig. 3. How- r ise t imes  are  more damaging to hea r ing  than
eve r , because  c e r t a i n  ph y s i c al c h a r a c t e r i s -  are sounds with longer  r i s e  t imes than to su g -
t i c s  of a weaponand  e n v i r o n m e n ta l  acoustic s , ges t  that the for mer  reach  the i r  peak level
such as r e v e r b e r a t i o n  in a tank , modif y the q u i c k e r  and are t h e r e f o r e  more like ly to
sound and c o n t r i b u t e  to its spec t ra l  con ten t , ‘ ‘bre ak” s o m e t h i n g  in the ear.
it is ofte n u s e f u l  to de te rmine  the s p e c t r u m  Be that  as it may,  r ise ti me a nd sp e c t r a l
of an i m p u l s e  sound  f r o m  a weapon t h r o u g h conte nt are inex t r i cab l y r e la ted  to each othe r
an anal ys is  pe r fo rmed  wi th  f i l t e r s  rathe r than but  not to peak level .  To illus t rate , we have
by m a t h e m a t i c a l  anal ys i s , r a n k  orde r ed some of the sou nds f r o m Ta ble

N e v e r t h e l e s s , it r emains  a good rule  of I accord ing  to the i r  level  in the octave band
thu mb tha t , othe r th ings  bein g equal , the nois e 600- 1200 cpa .  (It was in this band that near l y
with the sho r t e r  r ise time will  be pote ntial l y all the weapon noises  we measu red  exceeded
the more damaging to hea r ing .  This can be the threshold  of h e a r i n g  by the g rea tes t
looked u pon as due to the p resence  of more amount .) We also dete rmined  the rank o rde r
in t ense  hi gh f r e q u e n c y  components in r eg ion s cor re la t ions  be tween the level in octave band
whe re the ear is more suscept ib le  to damage. 600-12 00 cps and ( 1)  the in s t an taneous  peak
We bel ieve that  th i s  is a more c o n s t r u c t i v e  level overall  f requencies , and (2 )  the r ise
w ay to predic t  Wh y impulse sou nds with short  t imes.  The resu l t s  are  shown in Table II .

TABLE II

Compar ison  of Ins tantaneous Peak
Ex ponential  Average  and Rise  T i m es for  Several  Contemporary  Weapons

1. 2 , 3.
Exponen tial
Aver . .2 sec

Inst. Peak 600- 1200 Band Rise  Time

M - l  Rif le  148 db 99 db .15 millisec

105 MM Ammo Handler  157 I l l  13 .0

~~‘ Cal on T — 4 l A  Crew Comp 144 123 .4

76 MM on T-4 l  Gun Director 167 129 . 1

50 Cal on T-4 1A Gunner 155 130 .1

(Rank Order  Correlation) 1 versus 2 .3

2 versus  3 .68

1 ve rsus  3 = .32

6 > d2
= I — ______________

N(N 2 -1)

We se e in Table II that the relationship by the greatest  amount can be ranked the most
(a r ank  o rder  coef f i c ien t  of cor re la t ion  o f .3 )  dangerous to hea r ing .  This  metr ic , of cou r se ,
between peak overal l  level  and the level in is but one aspect of damage r i sk  exposure.
octave band 600-12 00  cps is quite low , but For one thing,  the locus of the damage r i sk
that the co r r e l a t i on  coef f ic ien t  between r ise on the frequency scale must  be taken into
tit ie and the level  in octave band 600-1200 cps account :  it is of less practical importance
is cons ide rabl y hi ghe r , .68. to loss of hea r in g a c u i t y  at some f r equenc ies

To summarize , it appears to us that onthe than at others.  In addit ion , it is necessa ry to
basis of present  knowledge i t is r ea sonable con s ide r  the nu m be r of r ou n ds of f i r e  a m an
to evaluate the damage r i sk  to hear ing  f rom can be expected to be exposed to over what
weapon ’s noise on the basi s of a~com parison lengths of t ime. Un f o r t u n a t e ly, da ta on how
between an octave band spect rum anal ys i s  of impulse noise affects  hea r ing  as a func t i on  of
the noise and the audi tory  threshold  curve,  re pe t i t ion  ra te  and length of exposure are
The noise that  exceeds this threshold  curve  ex t r eme l y meager . Unt i l  such t ime as more

70
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Figure  6 , The Diaphragm of the KLH Model 6,5 Loudspeaker
Uni t  Can Be Seen Through the Opening in the Ear Cushion ,

di rect  i n f o r m a t i o n  is avai lable , the fo rmulae  an impor tan t  va r i ab le  in c a u s i n g  deafnes s .
and p rocedures  developed by Wa r d et al ( 2 , The “ spike ” or ‘‘ spikes ” can be amp li f i ed  to
3 , 4)  f r o m  r e l a t i v e l y stead y s ta te  sounds a c h ie v e  d i f f e r e n t  d e g r e e s  of peak  l e v e l s .
p robab l y r e p r e s e n t  the bes t  way to pred ic t  The phot o fo r m e r  has  an addit ional  f e a t u r e
the a pproximate  et f t - c t s  on hea r ing  of r epe t i -  w h i c h  is impor t an t  to th i s  p ro j ec t .  It can be
(ion ra te  and du ra t i on ,  used to c o r r e c t , w i th in  cer ta i n l imits , dis-

IMPULS E SOUND GENERATOR t o r t i o n  c a u s e d  by the l o u d s p e a k e r - e a r ph one
t ransducer  or by the a c o u s ti c s o f  the ea rp hone

In o rde r  to sys temat ica l ly exp lore the ef-  coup lin g. The si gnal  p roduced  b y the loud-
f e c t s  of im pulse  noise  upon hear ing ,  we have sp e a k e r - e a r phone - -  dete rmined by a mic ro-
develo ped a sy s t em that  has two speciiid phone in a d u m m y - h e a d  (see Fig. 7) -- is
com ponents:  compared to the or iginal  m a s k - w a v e f o r m .  If

1. a photofo r m e r  for  the genera t ion  of an the measured  p r e s s ur e  w a v e f o r m  d i f f e r s
e l e c t r i c a l  i mpulse (see Fi 7s. 4 and 5) ,  and f r om the one desi r ed , the mask on the photo-

2 . a s pecia l  l oudspeake r-ea rp hone that  f o r m e r  is cha nged to compensa te  for the
t ransduces  this impulse  into an acous t i ca l  e r ro r .  This p r o c  e s s is i l l u s t r a t e d  in
si gnal (see Fig. 6). Fi g. 8.

P~.s t o f or m e r  Loudspeaker -Earp hone
The p ho to fo rrn e r  we use was developed by After  considerable expe r imen ta t ion  with a

Jay Ball  of the s taf f  of Bolt Be ranek  and number  of loudspeakers we selected for  our
N e wm i n  and wi l l  be the sub j ec t  o f a  t e c h n i c a l  i nves t iga t ions  the Model 6. 5 , a dynamic Unit
re port  on this  Con t rac t  DA-49-0 07 MD -9 85 , built by KbH Research  and Development Cor-
to be fo r thcoming  soon. Es sen t i a l l y ,  the be am poration , Cambridge , Massachuse t t s .  By
of the o sc i l l o scope  wi l l  fol low the shape of coup li ng this unit closel y to the l istener ’s ea’~
any m a s k  pl aced over  the face of the tube , we are able to generate  a peak overall  level
Thus , by p lac in g a p roper l y shaped mask  on of 170 db re 0.0002 microbar wi th  an impulse
the osci l loscope , we can obtain an e l e c t r i c a l  having a 0.5 mil l isecond r ise t ime. It will ,
si gnal  wh ich  var ies  in t ime  in any way we of course , be apprecia t ed that  the hi gh peak
w i s h ,  levels reached are permiss ib le  onl y for im-

We have pre pared masks  which  will  give puls ive  signals having durat ions  of a few
us “spikes ” or i m pu l s e s that  va ry  in rise mill iseconds per impulse. For stcad y .sta te
t ime  and decay t i m e . We can  change  at wi l l  s ignals  with large peak amplitudes the unit
the rate at which the photofor mer “ f i r e s” - - would burn out.

1
L .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 7 . High-Intensity Headphone on D u m m y  Head.
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The pure tone f requency response of this Such a course  of act ion is jus t i f i ed  because
un it  is show n in Fig. 9. This  charac t e r i s t i c  of the close parallels that have been found
was de termined with the dummy-head mic ro -  between t empora ry  deafness  and pe rmanen t
phone unit shown in Fig. 7 . deafne ss; for  example , for s t ea d y st a t e

We have inves t iga ted  to some extent  the sounds , the re la t ions  be tween  s p e c t r u m  con-
cha r a c t e r i s t i c s  of other  types  of acoust ic  tent  and permanent  damage to hear ing  appear
im pulse gene rators - - among these being cx- to be very s imilar  to those found for  tem-
ploding wires , an air  pistol , a 10 gauge  blank po ra ry  th resho ld  shif t .  Also , one cannot  dis-
shotgun and a 22 gauge blank r i f l e  with t ingu ish  by b e h a v i o r a l  or audi tory  t e s t s  the
acoust ic  f i l t e r s  and at tenuators on the muzzle,  d i f ference  between permanent  and t em p o r a r y
However , independent control of r ise time , hear ing loss.
dura t ion  and peak le vel appea r s to be possible, Our approach then is to a t tempt  to sort out
wi th out a cos t l y development  program , onl y and find by labo ratory exper imenta t ion  wi th
w i t h  the ph o t o f o r m er  and loudspeaker -  t empora ry  audi tory  fa t igue  those phy s i c a l l y.
ear phone, Never the less , we want to empha- measu rable f ea tu re s  of impulse noise that a re
size tha t al though we can vary  the pa ram-  the most reliable and valid ones to use  in
ete rs listed above , we are l imited with our subse quent es tabl ishment  of damage r isk cri-
present  loudspeaker-earphone uni ts  to r i se  ter ia  fo r  U . S .  A r m y  weapons.
ti mes no shor te r than  0.5 millisecond . In v iew At the time of wr i t ing  this report  we have
of the fact that r ise times as short as .05 - .1 just started to collect data on t empora ry  h e a r -
mil l i seconds  are observed wi th  A r m y  weap-  ing loss wi th  the impulse sound g e n e r a t o r .
ons , it would be most desirable to obtain data An example of the res u lts on some of our
on the deafening effect of impulses having  ini t ial  tests  are shown in Fi g. 10 . Sys temat i c
those rise times. We believe that we ca n exper imenta t ion  of the effects  of peak l e v e l ,
probably extrapolate to these very brie f r ise r ise t ime , repe ti t ion rate , and number  of
time s f r o m  functional relations for  somewhat repet i t ions  of sound impulses s imilar  in the i r
longer r ise t imes.  Nonetheless , fur the r more important  aspects  to those possible
de velopment t ime and funds should be con- from weapons will be conducted dur ing  the
sidered for  the design and construct ion of a com ng ei ght months under  this  contrac t  to
completely sat isfactory electro-acoust ical  the U . S. Army Surgeon General.
t ransducer  for very brief  acoustic impulses.

Re fe r ences
INVESTIGATIONS OF T E M P O R A R Y  1. Doelling, N . and K. D. Kryte r , ‘ Char-

THRESHOLD SHIFT act e r ist i c s  of Noise Produced by Several
Contemporary A r m y Weapons ,” Contract  No.

As af orem ent ioned , to re la te phys ica l  DA-49-007 MD-985 , Research  and Develop-
measures  of weapon noise to damage to hea r -  ment Division Office of the Surgeon General ,
ing we need hear ing  loss data as funct ions of Department  of the Ar m y ,  Wash in gton 25 ,
sound p r e s s u r e  level , r i se  t ime , decay ti me , D . C., March 1959.
r epet i t ion r at e , and number of repet i t ions  of 2 . Ward , W . D,, A. Glorig, and D. L~. Skla r ,
the impulse noise. “Dependence of Temporary  Threshold Shift

It is tantamount ly  impossible to invest i gate at 4 KC on In tens i ty  and Time ,” J . A c o u s t .
these re la t ions  m a  way that causes permanent Soc . Am., 30 , 944-954 , October 1958.
dama ge to hea r ing ; it is nea rl y as d iuficult to 3. Wa r d , W . D ., A . Glor ig, andD . L. Skl a r ,
dete rmine  f rom data on soldiers  exposed to “Relat ion Between Recovery  f rom Tempo-
such noises the exact  relations among these ra ry  Threshold  Shift  and Duration of Ex-
va riables . posure ,” J. Ac ou s t , Soc. Am.,  31 , 600-602 ,

We can measu r e , however, the relat ive ef-  May 1959.
fects  of these severa l  characterist ics of 4. Ward , W . D., A. Glorig,  and D. L. Skiar ,
impulse noise upon hearing through measure  - “Temporary Threshold ‘Thift P roduced  by
ments  of audi tory fatigu e , Jr degree of tem- Intermittent Exposure to Noise ,” J . Acoust .
p o r ary  deaf n ess result ing f rom exposure to Soc. Am. , 31 , 791-794 , June 1959.
these  sound s.

B. COMMUNICATION BY ELECTRICAL STIMULATIO N OF THE SKIN by Capt Glenn R.
Hawkes , MSC , US Army Medical Research Laboratory, Ft. Knox , Kentucky

Communicat ion by st imulation of the skin to preserve silence when on patrol near
has potential usefulness where the eye and ear enemy positions.
a r e not ava i lable . This would be true for the The Brai l le  system has been success fu l  in
blind or the blind-deaf. A s imi lar  situation making li t e ra tu re  available to the blind. The
arises  when the receiver is in a high-noise  complicated pa t te rns  of spatially a r r a n g e d
envi ronment , e.g. near jet a i rcraf t .  There  touch stimuli used in this  system , howe ver ,
are aiso ce r t a in  .peci fically mil i tary uses of require long t ra ining fo r response accuracy ,
this t y pe of communication , such as the need and the delay involved in encoding ma te r i a l
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in to  B r a i l l e  s e v e r e ly r e s t r i c t s  i n f o r m a t i o n  l a n g u a g e .  F i f ty  w r i t t e n  symbo l s  r e p re s e n t
t r a n s m i ss io n  sp eed . these  sounds , so tha t  t h e r e  is a d i re t cor-

Many a t t e m p t s  have  been made to t r a in  r e sp o n d e n c e  b e t w e e n  wha t  is  read  and what  is
sub je ’ct s  to “ h e a r ’’ t h r o u g h the sk in  by a pp l y -  h e a r d ,
ing to t he  l i ng e r s  the si b r a t i o n s  p roduced  b y The d i s c u s s i o n  thus  fa r  has been on c er n e d
speec h , but  on the who le  w i t h o u t  m u c h  suc - onl y w i th  m e c h a ni c a l  v i b r a t i o n  of the skin.
cei . s . Gaul t  (4)  spen t  s or T i e  20 y e a r s  of h i s  V i b r a t o r y  s e n s a t i o n s  can e a s i l y be e l i c i t e d
life t r y i ng  to a c c o m pl i s h  th is , and t h e r e  h a v e  by the app l i ca t ion  of the  inadequate  s t i m u l u s ,
been more r ecen t  a t t emp t s . Such sys tems e l e c t r i c a l  c u r r e n t ,  It should be pos s ib le  to
have p r o v e n  u s e f u l  in vo i ce  cont ro l  t r a i n i ng  d es i gn  an e l ec t r i ca l  cutaneous communicat ion
of the de af , bu t i den t i f i ca t ion  of words  re-  s y s t e r i i  analogous to that  us ing m e c h a ni c a l
qu i r e s  co n s i d e r a ble  t r a i n i n g  and drops  to the v i b r a t i o n .
chance  level  w h e n  the sp e a k e r ’ -~ vo ice  is The use of e l e c t r i c a l  c u r r e n t  f o r  c u t a n e o u s
changed.  si gna l ing  v. ould p er m i t  ea s i e r  s t i m u l u s  con-

The basic  d i f f i c u l t y  w i th  these  st u d i e s  has t ro l , and  p r o v i d e  ease  of des ign  of the st im-
bee n the f a i l u r e  to a p p r e c i a t e  the t a~ t tha t  t he  u l a t o r  w h i c h  r e s t s  on the skin.  E l e c t r o d e s
ski n c a nnot make d i s c r i m i n a t i o n s  as f ine  as a r e  more easi l y mounted  on the s u r f a c e  of
those  made by the ea r s .  What  is needed is to the skin , a re  less bulky than vib ra to r s , re-
as sess  cutaneous  s e n s i t i v i ty  to the ty pes of qu i re  onl y a t en th  as much power , and can
s i g n a l s  l ike l y to p rove  u s e f u l  in c omm u n i c a -  extend  the usable  f r e q u e n c y  range at l eas t
lion , This  has been done for  mecha nical  tenfold , These a r e  but a few of the
v i b r a t i o n  of the  s k i n  by Geldard’ s r e s e a r c h  advan tages .
group  at the U l ive r s i t y  of V i r g i n i a  (5) .  In des i gning an e l e c t r i c a l  cu taneous  com-

The t h r e e  cues  ( i n tt -n s i ty ,  d u r a t i o n  and mun ica tion  s y s t e m, in v e s t i g a t i o n s  may
l o c u s )  u sed  in the  s y s t e m  d e p i c t e d  in Fi g. 1, p ro f i t ab ly be made of those cues  a l r eady dem-
do not begin to ex h a u s t  the  p o s s i b i l i t i e s  of o n s t r a t e d  to be u s e f u l  in the mechanica l
s e n s o r y  d i s c r i m i n a t i o n s  which  could be used v i b r a t i o n  s y s t e m , namely,  i n t e n s i t y ,  d u’a tio n ,
f o r  s i g n a l i ng  p u r p o s e s .  One immed ia t e ly and locus of s t imu la t i on. An i n v e s t i gat ion of
th inks  of d i f f e r e n t  f r e q u e n c i e s  of s t imula t ion , e l ec t r i ca l  cutaneous in tens i ty  d i s c r imina t ion
s: nce in audi t ion  s t i m u l u s  f r e q u e n c y  is the could provide  data n e c e s s a r y  fo r  the desi gn
im por tan t  d e t e r m i n e r  of p i t c h . F r e q u e n c y  of such  a sys t em.
d i s c r i m i n a t i o n, h o w e v e r , t u r n s  out  to be In v e s t ig a t o r s  of de l ta  I f o r  a u d i t i on  or
r a t h e r  poo r . It t a k e s  f r o m  20 to 33% inc rease  mechanical  c u t a n e o u s  v i b r a t i o n  h a v e  ty p ic a l ly
in f r e q u e n cy  f r o m  25 cyc l e s  pe r  s e c o n d  f o r  a p r e s e n t e d  the  s t i m u l i  to be j udged  by e i t h e r
j  n d , and about  a 70% i n c r e a s e  at Z OO cyc l e s  the ‘ ‘beat ” method , or the method of succes-
per  second,  The poor f r e q u e n c y  d i s c r i m i n a -  sive s t i m u l i .
lion no doubt  a ccoun t s  f o r  the f a i l u r e  of sub-  When us in g the ‘‘beat ’’ method , the sub ject
j e c t s  to d i s c r i m i n a t e  the di f f e -  r e -nces  among is r eq u i r e d  to d e t ec t  v a r i a t i o n s  in the  st i m-i l u s

-t p a t t e r n s  of v i b r a t i o n s  f r o m  a t e l e p hone loud,  i n t e n s i t y  o c c u r r i n g  at a r a t e  of two or t h r e e
speake r cone c a r r y i n g  speech , as t r ied  in per second . When  us ing the method of suc-
Gault ’s ear l y work .  c e s siv e  s t imul i , the sub j ec t  is asked to com-

A n o t h e r  possible cue tha t  has been in v e s  - pare the re la t ive  s t reng th  of two s t imuli
li gated is t h a t  of a p p a r e n t  t a c t u a l  movement , s e p a r a t e d  by a pause.  W i t h  use of one or the
a nalogous to v i s u a l  “ p hi .” This has been o the r  of these  s t imu lus  p r e s e n t a t i o n  methods ,
shown to be r e a d i l y e l i c i t e d  u n d e r  su i t ab le  c o n s i d e r a b l e  d i f f e r e n c e s  in de l t a  I v a l u e s  h a v e
cond i t ions , and may well  p rove  u s e f u l  for  been found both for  audit ion and r n - c h a n i c a l
a comm u n i c a t i o n  s y s t e m des i gned to f u r n i s h  cu taneous  v i b r a t i o n .
d i r e c t i o n a l  i n f o r m a t i o n .  Care was taken in the p resen t  work to de-

Rate  of onse t  or o f f se t  of s t imu la t ion  is s t i l l  t e r min e  delta I values for  onl y a s ing le kind
anothe r p o s s i b i l i t y .  Subjects  can abso lu te l y of s e n s a t i o n, v i b r a t i o n  (cf . 2 ) .  Both t hc “beat ’’
iden t i f y at leas t  t h r ee  rates of ons  - I or o f f s e t  method and the method of s u c c e s s i v e  s t imul i
of m e c han i c a l  cu taneous  v i b r a t i o n . w e r -  use in th is  ex p e r i m e n t , s ince  it  would be

.-~n II ’h er  problem in the desi gn of a cuta - d e s i r a b l e  to know the d i f f e re n t i a l  s e n s i t i v i t\
neous  com munica t ion  s y s t e m  is tha t  of the  l im i t s  independent  of the method of s t i m u l u s
m e a n in g  which  shall be assi gned to the  si gnals  p r e s e n t a t i o n . To fac i l i ta te  comparison wi th
used. P er h a p s  it is possible w i t h o u t  too much del ta  I va lues  when using the adequate s t int -
t r a i n i n g  ~o have the v ar ious  cue combina t ions  ulus , di f f e r m n t  i n tens i ty  levels of the s tandard
s t and  f o r  phonemes , and t h e r e by g rea t ly in -  w e r e  used .
c rease communica t ion  speed. Part ia l  an-  Th r t - , - w e l l - t r a i n e d  subjec ts  par t ic i pated in
s w e r s  to some of t he se  p r o b l e m s  r e s u l t e d  both pa r t s  of the  expe r im ent . The “beat”
f r o m  a sympos ium on th i s  top ic he ld  at For t  method used  for  the f i r s t  par t  of t I  e e x p e r i -
Knox in F e b r u a r y  of t h i s  y e a r .  It was  s u g -  n-t e n t  i nvo lved  v a r i a t i o n s  of s t i m u l u s  i n t e n s it y
gested that  it may be possible to t r a in  sub-  at a rate of two per second . C u r r e n t  at
j ec t s  to use a sy s t e m  taug ht in Japan , where  f r e q u e n c i e - s  of 100 , 500 , and 1500 c y c l e s  per
1 0 consonan t  sou nds - m d  5 vowel  sounds , a second was app l ied  to the f i n g e r  t ip.  Due to
total  of 50 combina t ions , c o m p r i s e  the spoken large  va r ia t ions  in absolute th re sho ld  va lues ,
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the a b s o l u t e  t h r e s h o l d  ( R L )  w a s  m e a s u r e d  In the  s t u d y- of a b s o lu t e  iden t i f i ca t ion  of
d a i l y fo r  e a ch  subjec t , and s t a n d a r d  i n t e n s i t y  v i b r a t o ry  i n t ens i t y  on which  Geldard ’~ sys-
l eve ls  w e r e  used w h i c h  had a c o n s t a n t  r a t io  tern was  based , the s t i m u l i  w e r e  an equal
to the absolute  threshold . Values  selected number  of j n d’s apart  along the i n t en s i t y
for use w e r e -  120 % and 200% of the  c u r r e n t  d i m e n s i o n, This  spac ing  p rocedure  assumes
neces sa ry  to re -a~ h the RL , t h i s  range avoid-  equal i ty  in si ze of the j n d’ s. I n v e s t i g a t i o n s
ing pain.  The M e t h o d  of L i m i t s  was  used  of a number  of s e n s o r y  c o n t i n u a  by S t e v e n s
w ith a s t imu lus  of fou r  seconds dura t ion . A h a v e  d e m o n s t r a t e d  tha t  j n d’ s a re not nec-
block dia g ram of the appara tus  used in most e~~sar i l y  s u b j e c t i v el y equal  (14 ) .
of the expe r iments  desc r ibed  in th i s  paper The method of ‘‘ magn i tude  es t imat ion ”
is shown in Fi g. 2 . used by Stevens has u s u al l y involved  the

The method of s u c c e s s i v e  s t i m u l i  was used  jud gmen t s  of a numbe r of ob s e r v e r s  whose
in t he  second par t  of the exp e r i m e n t . Two t a sk  was to ass ign  n u m e r i c a l  va lue s to s t imul i
2 . 0 - sec o n d  s t imul i , s epara ted  by a 2 .0 - second  a long  a given d imens ion  in such  a way as to
pa,use , w e r e  p r e s e nt e d  at e i t h e r  100 or 1500 express  the i r  sub jec t ive  re la t ionshi p to a
c y c l e s  per second.  The Method of l imi t s  s t a n d a r d  s t i m u l u s .  Data on most  of t h e s e
was used wi th  a counterbalanced  orde r of cont inua have y i e lded  funct ions  w hic h , plotted
p r e s e n t a t i o n .  Fig. 3 shows the r e s u l t s  w h e n  in log- log  coord ina t e s , may be f i t t e d  by a
us ing  the “beat” method;  n e a r l y i d e n t i c a l  s t r a i ght line whose  slope is the exponen t  of
r e s u l t s  were  obtained for the method of suc - a power f u n c t i o n , r e l a t i n g  the  ph y s i ca l  dim e n -  -

c e s s i v e  s t i m u l i . sion to a p p a r e n t  magn i tude  of the  sensation.
The most not iceable d i f f e r e n c e  b e t w e e n  the The slope of the line which bes t  f i t t ed  su ch

resu l t s  of the p r e s e n t  s tudy  and the r e su l t s  data for  in tens i ty  of el e c t r i c a l  s t imu la t ion
of o the r  i n v e s t i g a t o r s  was the f a i l u r e  to f ind  of the  skin was repor ted  by S t evens  to be 3 .5, - -

a d i f f e r e n c e  in the s ize of del ta  I w i t h  d i f f e r e n t  the  l a r g e s t  slope of any of the cont inua  tested
methods  of s t i m u l u s  p r e s e n t a t i o n  in the ( 1 5 ) .
p r e s e n t  i n s t ance .  F i f t een  subjects  were  asked  to report  the

A poss ib le  exp la n a t i o n  of the l ackof  d i f f e r -  apparen t  m a g n i t u d e  of s e n s a t i o n . E igh t  re-
ence fo r  the two  methods  in the p r e sen t  data ce ived  s t i m u l a t i o n  at 100 cyc l e s  per  second
may be that  the d i spa r i ty  in delta I va lues  r e -  in the f i r s t  s e ss ion, and 1500 cyc l e s  in the
ported in mechan ica l  v ib ra t i on , or  in audi t ion , second session; the r e m a i n i n g  sub jec t s  re-
by d i f f e r e n t  i n v e s t i g a t o r s, is more  apparen t  ceived 1500 cycles  per  second in t he  f ir s t
than real . These inves t i gators  used onl y a session.  The r e su l t s , p lot ted in gig. 4 , in-
s ing le s t tmulat ion  method in a g iven stud y ,  d ica te  no d i f f e rence  due to fr equency .  The
and , t h e r e f o r e , data are  not a v a i l a b l e  us ing slope was 3,5.
more  than one s t i m u l a t i o n  method on the same I was  i n t e r e s t e d  in d i s c r i m i n a t i o n  of elec-
sub jec t s . In the p resen t  stud y ,  the compar i son  t r ica l  i n t e n s i t y  levels  f o r  the possible use of
of the two methods involved the sa me subjects , i n t ens i t y  as a cue for signaling purposes .  It
equipment , and c a l i b r a t i o n s, was neces sa ry ,  t h e r e f o r e , to de t e rmine  the

The p r e sen t  r e s u l t s  a re  in a g r e e m e n t  wi th  numbe r of i n t e n s i t y  l eve l s  which  could be ab-
stu dies of de l t a  I in other modal i t ies  in that  solutely ident i f ied . The intensity le v el s u sed
the size of delta I was la rger  at weak s tand-  in this  stu dy were  equally spaced in t e rms  of
ard  i n t e n s i t y  levels than  at h ighe r  i n t e n s i t i e s  apparent subjective magni tude of sensation.
of the  s t a n d a r d  s t i m u l u s .  W e b e r  f rac t ion  T w e n ty - f o u r  sub jec t s  p ar t i c ip a t ed  in this
va lues  are sma l l e r , howeve r , for e l ec t r i ca l  e x p e r i m e n t .  Eighteen w e r e  enlisted mcmi
s t i m ul a t i o n  of the ski rt than  fo r  audi t ion  or s ta t ioned at For t  Knox , and the remain ing
mechan ica l  c u t a n e o u s  v ib ra t i on ,  six were  expe r imen ta l  psychologis t s  f r o m  our

This information on the size of delta t in- ARML s taf f .  The latter six were desi gnated
dicates  dis c rimina t ion  l imits  under  labora- as the “ soph i s t i c a t e d ”  group,  and the remain-
t o r y  condi t ions .  Communica t ion  s y s t e m s, ing as  ‘‘ naive, ”
howe\e r , r e q u i r e  the subjec t  to iden t i fy  a T welve “naive ” subjects were  s t imula ted
numbe r of s ignals  t r a n s m i t te d to him at re la-  with a l t e r n a t i n g  c u r r e n t  at a f r e q u en c y  of 100
livel y rapid ra tes .  The ab i l i ty  of a subject  to cycles  per second; the remaining subjects
make absolutc id e n ti f i c a t ion s  of in tens i ty r ece ived  s t imula t ion at 1500 cycles  per sec-
levels mus t  t h e r e f o r e  be i n v e s t i g a t e d  in order  ond. Half of the 1500 cyc les  per second group
to select  si gnals which will  min imize  con- were “ naive ” s u b j e c t s , half  we re  ‘‘ sophisti-
f u s i o n  and e r r o r s,  cated. ’ - Each s u b j e c t  pa r t ic i pated in four

In a recent  review ar t ic le  on information sessions , wi th  each session being devoted to
theo ry ,  A l lu i s i  (1 )  l i s t e d  f o u r  f a c to r s  which  iden t i f i ca t ion  of a d i f f e r e n t  number  of i n t en
d e t e r m i n e  e f f i c i e n c y  of abso lu t e  ident i f ica-  sity l evels .  Half of the subjects rece ived  f ive
t ions :  the n u m b e r  of response categories in in tens i ty  levels dur ing  the f i rs t  sessio n , fou r
re la t ion  to the number  of st imulus  ca tegor ies ;  levels du r ing  the second session, etc . ;  the
the spacing a long the d i m e n s i o n  in quest ion o the r  sub jec t s  r ece ived  two i n t e n s i t y  levels
of the s t imul i  to be i d e n t i f i e d ;  knowledge of d u r i n g  the f i r s t  s e s s ion , th ree  levels  du r ing
resul ts ;  and the extent of the physical r a ng e  the second session , etc. The subject was
of s t i m u l a t i o n  used . p r e s e n t e d  100 st imuli  for ident i f icat ion in
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e a c h  sess ion.  St imulus  d u r a t i o n  was one’ -half r e p o r t e d  to be l ike  s e n s a t i o n s  of “ b u r n i n g’’
second , and st i m u l i  w e r e  p r e sen t ed  at a ra te  and m u s c l e  c o n t r a c t i o n s, of an a p p a r e n t  i n -
ci about  one e v e ry  2 .5 seconds .  t e n s i t y w h i c h  could not long be endured .

The r e s u l t s  a re  p l o t te d  in Fi g. 5 f o r  the S u bj e c t s  i i i  t h e  p r e s e n t  e x p e r i m e n t  wer,-
1500 cp s  group .  Func t ion  f o r m s  a r e  s i m i lar  able to  r epor t  the  t e r m i n a l  l i n e -n  as r e l i ab l y
to the r e s u l t s  ot the 100 cps g roup .  A t - t est  as the pa in  R e i z l i m e  n or the v i b r a t i o n  R L ,
v i m  made ol the  d i f f e r e n c e s  be tween  the and a f t e r  p r e l i m i n a r y  t r a i n i n g  ev i d e nc e d  no
“amount of i n f o r m a t i o n  t r a n s m i t t e d  by the u n d u e  e m o t i o n a l  r e a c t i o n s  to s t imulus  in-
a v e r a g e  subj e c t ” (1  p. 98) f o r  the g r o u p  r e -  t en s i i i e s  produc ing  pain .
ce i v i ng  100 cy c l e s  per  second v e r s u s  the l S O O  M y next  s tud y,  t h e n , was  of the e f f e c t  of
c y c l e s  per second g r o u p .  The 1500 cy c L e s knowled ge of r e su l t s  and ex tended  ph y s i c a l
per  s econd  group t r a n s m i t t e d  si g n i f i c a n t l y i n t e n s i t y  range  on i n f o r m a t i o n  t r a n s m i t t e d.
m o r e  i n f o r m a t i o n  ( 8 ) .  E x t e n s i o n  of the phy s i c a l  r a n g e  of st imula -

If , in a g iven  s i t u a t i o n , 100% c o r r e c t  p e r -  t ion  emp loyed may indeed  a f f e c t  i n f o r m a t i o n
f o rin a n ce  is n e c e s s a ry  for  c o m m u n i c a t i o n  t r a n s m i t t e d, p robably  by p e r m i t t i n g  a w i d e r
i n v o l v i n g  a l t e r n a t i ng  c ur r e n t  s t i m- sl a t i o n  of spac ing  of the s t i m u l i , t h e r e by m a k i n g  the
the sk in , t h e n  onl y two l eve l s  of i n t e n s i t y  s t i m u l i  more c losel y a p p r o x i m a t e  100% j n d
should be used . It a pp ea r s  tha t  it is poss ib le , spac ing  on the i n t e n s i t y  d i m e n s i o n .  Any  i n -
h o w e v e r , to t ake  advan tage  of the fac t  that c r e a s e  in i n fo rma t ion  t r a n s m i t t e d  w hen  i m -
m o r e  i n f o r m a t i o n  is t r a n s m i t t e d  b y t h r e e  med ia t e  knowledge of r e s u l t s  is a f f o r d e d
c a t e g o r i e s  t h a n  two i t  i n t e n s i t y l e v e l  is com-  would  probabl y be due to “ a n c h o r i n g” e f f e c t s .
bined wi th  o the r  cues  to add r e d u n d a n c y  to a I mm e d i a t e  f eedback  to t h e  s u b j e c t  could t e n d
m e s s a g e .  Contect  n-t ight a l so  he lp  to r e d u c e  to p r e v e n t  s h i f t s  in a d a p t a t i o n - l e v e l  and pro -
the number  of i n c o r r e c t  r e sponses .  vide  r ep e a t e d  a n c h o r i n g  of the  s u b j e c t i v e

• I men t ioned  e a r l ie r  tha t  i n c r e a s e d  t r a n s -  scale.
m i s s i o n  of i n f o r m a t i o n  is f o u n d  when  the  Ten s u bj e c t s  w e r e  u s e d  in th is  e x p e r i m e n t ,
subjec t  is a f f o r d e d  i m m e d i a t e  knowledge  of all of whom had p a r t i c i p a t e d  in the p r e v i o u s
r esu l t s , Such knowled ge was not a f f o r d e d  the st u d y i n v o l v i n g  the abso lu te  i d e n t i f i c a t i o n  of
p r e s e n t  subj e c t s , h o w e v e r , for  most  corn-  levels  of c u r r e n t  i n t e n s i t y .
m u n i c a t i o n  s y s t e m s  do not p e r m i t  s u c h f e e d-  Four se ts  of s t imul i , equal ly spaced in
b a c k . Also  r e p o r t e d  was a gain  in i n f o r m a t i o n  te rm.s  of a p p a r e n t  s u b j e c t i v e  magni tude  of
t r a n s m i t t e d  as a r e su l t  of e x t e n d i ng  the ph ys - s e n s a t i o n, w e r e  s e l ec t ed  fo r  abso lu te  iden t i f i -
i ca l  range of s t imula t ion .  The phy s i c a l  r a n g e  ca t ion,  The st i m u l u s  i n t e n s i t y  range was be-
of the  p r e s e n t  i n v e s t i ga t ion , h o w e v e r , was t w e e n  the v i b r a t i o n  RL and t h r e e  t imes  the
r e s t r i c t e d  in o r d e r  to avoid pain s e n s a t i o n s  c u r r e n t  va lue  at the RL , as compared  to only
f o r  most  of the s u b j e c t s,  two t i m e s  the RL c u r r e n t  value used in the

It would be i n t e r e s t i ng  to d e t e r m i n e  the prev iou s stud y.
e f f ec t  on i n f o r m a t i o n  t r ans mitted of extended The subjects were  d iv ided  in to  two ma tched
ph y s i c a l  i n t e n s i t y  range  and immedia te  g r o u p s  on the basis of prev ious  p e r f or m a n c e .

- - k nowledge of r e s u l t s .  P r i o r  to s u c h  a s tud y Sub jec t s  in G r o u p  1 made a b s o l u t e  ident i f ica-
it became n e c e s s a r y  to de termine  what  c u r -  t ions  of c u r r e n t  i n t e n s i t y  levels as in the  p r i o r
rent  in tens i t ies  could be to lera ted  by the expe r iment , but wi th  the ex te nded ph y s i ca l
subj e c t s  w i t h o u t  emotional  r e a c t i o n s , and the i n t ens i ty  range . In addition , they were  in-
r e l i a b i l i t y of such  to le rance  l imits  r e l a t i ve  formed of the co r r ec t  value of the s t imulus
t o the absolute th resho lds  for v ib ra t ion  or a f te r  making each j u d g m e n t . S u b j e c t s  of
pain .  Group  2 r e c e i v e d  ident ica l  c u r r e n t  i n t e n s i t y

A f t e r  p r e l i m i n a r y  t r a i n i n g ,  the responses  levels  fo r  i den t i f i c a t i on, but were  not af-
of each of two h igh l y t r a i n e d  s u b j e c t s  were  fo rded  immed ia t e  knowledge of r e s u l t s .  The
reco rded w i t h  use of f r equenc i e s  over the data are plotted in Fi g. 7.
r a n g e  of 100 to 10 , 000 cyc l es per second. The r e l a t i ve ly smal l  span of abso lu t e  jud g-
A f t e r  d e t e r m i n i n g  the vibrat ion threshold , ment for cu r ren t  in tens i ty  levels , an d the
c u r rent was increased  un t i l  the sub jec t  re -  relat ively rap id r ate of inc r ease in perceptual
por ted  the f i r s t  appearance  of pa in. Then  an e r r o r  wi th add i t iona l  u nc e r t a in ty  of the
additional amount  of c u r r e n t  was applied to sub jec t , ind ica tes  that  the use of i n t e n s i ty as
the subject until he repor ted the te rminal  a cue for  signaling purposes would be l imi ted
limen . Ty pical r e su l t s  are presented in to three levels in a communicat ion sy s t e m
Fi g. 6 . r e q u i r i n g  a high level of accuracy ,  and to fou r

- .�uali tat ive r e p o r t  s of the sensat ions  levels in a system capable of to le ra t ing  some
el ic i ted  by elect rical s t imulation indicated e r ro r  in order  to maximize informat ion
that  v ib ra t ion  ty pically was felt as a weak t ransmi t t ed .  This is t r u e  even wi th  extended
“ t i n g l i n g ’’ sensa t ion  localized in a small a rea  physical  i n  t e n s  i t  y range  and immediate
unde r the ac t ive  e lectrode.  Pain was typical l y knowled ge of resu l t s .
a localized se nsation superposed on the v ib r a -  The next aspect of d i s c r i m i n a b il i t y  of d e c  -
t ion , and descr ibed  as s imilar  to the sensa t ion  tr ical  cutaneous stimuli  inves t iga ted  was the
el ic i ted whe n a needle point is jus t  penetrat ing abil i t y of subjects to d i s t i ngu i sh  d i f f e r e n c e s
the ski n . The te rmina l  lirnen typically was in s t imulus  duration.  In order  to assess  the
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Figure 9. Mean Dura t ion  Judgments  for 3 Modalities. 9 Subjects.

re l a t i - . e u s e f u l n e s s  of cu taneous  dura t ion  vs. inabi l i ty should occur  w i th in  th i s  range of
more  conven t iona l  s t imuli, i n t h e  f i r s t  e x p e r i -  du ra t ions .
ment the r e l a t ive  magni tude  and re l i ab i l i ty  of Method d i f f e r e n c e s  r epor ted  in o ther-~ I i r a t : o n  j u d gm e n t s  of 9 subjec t s  were  i n v e s -  

s tud ies  (see 3) were  not a pparent  upon d i rec tl iga ted  f o r  a u d i t o r y ,  v i sua l , and e lec t r ica l
- .t an e o u s  s t i m u l i . -‘-te t hods of p roduc t ion , compar ison .  A s i g n i f i c a n t  r a n k - o r d e r  corre-

lation of -.78 for  verbal  e s t ima t ion  and pro-: e r / m a i e s t i m a t i o n  and r ep r o d u c t i o n  w e r e
u m e d , w i t h  st i mulus d u r a t i o n s  of one -half to duct ion j u d g m e n t s  i n d i c a t e s  tha t  j u dgmen t s

with those  two-methods  a re  based uponf m r  s e c o n d s .
Mean r L - s - k i t s  f o r  the  t h r e e  moda l i t ie s  are s imilar  processes. If the s u b j ect i ve  t ime is

fas te r than  ph y s i c a l  t ime , the  sub jec t  wouldm h j  ~n en Fig. 9. Si gn i f i can t  d : f fe r e n c e s  in t u r n  on a sti mulus  for less than one sec., and - -
r e s p o nse  t i m e s  were  found  fo r  modali ty a nd would ove res t ima te  a s t imulus p resen ta t ioni n t e r v a l ,

of 1 sec.  ph ys ical d u r a t i o n .The cutaneous  jud gments did not d i l f c r
si g n i fi c a n t l y f r o m  a u d i t o ry ,  but did di f fe r Hi gh re l iabi l i ty  of judgments  was found for
si g n e f t  antl y f r o m those based upon v i sua l  all methods and modali t ies .  Inasmuch as
s t e r n - u i . The in d i f f e r en c e  in te rva l , or point judgments  of cutaneous s t imulus  duratio’-i
of t r an i , i t i o n  f r o m  over  to u n d o  r - , - s t i mation , were  not d i f f e r en t  f rom audi tory  judg ments ,
~ a n e - I  f r o m  1. ~ to 3. 60 sec. ,  d e p e n d e n t  u pon and were  as rel iable as audi tory or visual
r n c - i a I : t y . i nd i ca t i ng  that  maximum d is c r i m-  j udgmen t s , it may be concluded that the use
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of dur ation -~s .i cue in an e l ec t r ic a l cu t an e o us  d u r a t i o n s  can be abso lu te ly i d e n t i f i e d , i .e .
is qu i t e  t e a s i b l e .  how many  d u r a t i o n s  would be u s e f u l  f o r  sig-

My next conce rn , t h e r e f o r e, was  ~ d e t e r -  naliri g purposes .  A bas ic  tenet  of i n f o r m a t i o n
m i n a t i o n  of s u b j e c t s ’ a b i l i t y  to d is c r i min a t e  t h e o r y  is t h U  an optimal condition for  t ran S-
c h an g e s  in e le - t n i e  al c u t a n e o u s  s t imu lus  m iss ion ui in format ion  u s equal sub j e c t i v e
d i u r ~it i on , i .e.  the e’i , ber r i t i o  T/ I .  Good- ~~~~~~~~ of the s t imul i ,  The  ques t ion  is how
fel low (7 )  made a Ii  r i - c t  c o m p a r i s o n  of T/ T  to ach ieve  th i s  de s i r ab l e  goal . The experi-
v u lve s  for a u d i t o ry ,  ‘. i s u j i , and m e c h a n i c a l  men to r may space the st im u l i  an equal  num-
cutaneous st i m u l i . l ie s  data indica ted  that  ber of n d ’s apa r t , or spal e the s t imu l i  an
bes t  d i sc r i min a b i lu t y  w a s  found  fo r  a u d i t i o n , equal  appa ren t  s ubj e c t i v e  amount  by Ste-vens ’
fo l lowed  by touch , and t hen  m i s  ion.  It would d i r e c t  e s t ima t ion  tec hnique ( 13) . I am in te r  -
be i n t e r e s t i n g  to c o mp ar e  T / T  v a l u e - s fo r  e st ed , but do not propose to become em-
e l e c t r i c a l  c u t a n e o u s  s t i m u l i  to s im i l a r  va lues  b ro i l e d , in the cont r o v e r s y  over the i n h e r en t
f o r  au d i t o r y  or v i b r a t o ry  s tu n - e l i ,  goodness  of one or the other of thes e  types

lt has been found th at the  i n t e n s i t y  l e v e l  of of p s y ch o p h y s i c a l  sc a l e s .  lt See m s  appro-
the st imu l i  used  can  a f f e c t  a u d i t o r y  T/ T  p r i a t e  to r e m ar k , however , tha t  the r a t h e r
val ues ( 1 0 )  and pe r c e p t i o n  of a u d i t o r y  d u r a-  si mple power funct ion s a iu  to l~ce ca pable oT
tion ( 12) .  It has f u r t h e r  been d e m o n s t r a t e d  handl ing  data f r o m  a number  of modal i t ies
t h a t  T / T  is not c o n st a n t , but v a r i e s wi th  when us ing Stevens ’ t echnique  may no t t u r n
the d u r a t i o n  of the  s t a n d a r d .  S m a l l e s t  W e ber  out to be ve ry  s imple  a f t e r  all . I h a v e  found ,
ra t ios  ma y be e xp e c t e d  w i t h i n  a s t a n d a r d  fo r example , that  the p o w e r  func t i on  f o r  da ta
d u r a t i o n  r a ng e  of on e - h a l f  to 1.5 soc .  f r o m  e l e c t r i c a l  c u t a n e o u s  in t ens i ty  e s t i m a t e s

Anothe r p rob l em a r i s e s  f r o m  the n e c e s s i t y  is si gnific antl y a ff ec t ed  by the  d u r a t i o n  of the
of avoi ding s w i t c h i ng  t r a n s i en t s  w h i c h  occur  s t i m u l u s  (9 ) .
if the s t imu lus  is t u rned  on or off at a r ap id The s tudy of the number  of a b s o l u t e l y
ra t e .  Pt s lower  o n s e t - o f f s e t  ra te  wil l  avoid iden t i f iab le  s t imulus  durat ions  u t i l ized  slim-
t r i n s i e - n t s  but may af fec t  d u r a t i o n  d i s c r i m -  uli spaced by an equal  number  of j n d ’s ire
inat io n. It is known tha t  s u bj e c t s  can d is-  p a r t  1. P a r t  2 u t i l ized s t imul i  equall y spa c e d
t ingu i sh  v a r i o u s  t r a n si e n t l e s s  o n s e t - o f f s e t  in t er m s  of d i r e c t  e s t i m a t e s  of s t i m u l u s  dura -
r a t e s  fo r  e l e c t r i c a l  st i m u l a t i o n  of the sk in  (6) .  t ion . The power func t ion  exponent  for  s u c h
These  j ud gments  appear  to be v e r y  s i m i l a r  e s t i m a t e s  by the present  group of sub jec ts
to e st i m a t e s  of s t i m u l u s  d u r a t i o n ,  was 1.19. Resul t s  a re  not ye t  anal y z e d , but

in one pa r t  of th i s  e x p e r i n u - n t  ( C o n di t i o n A )  they should p e r m i t  an evalua t ion  of these  two
the s t i m u l i  w e r e  eq u a t e d  for  the’ a m o u n t  of s c a l i n g  p r o c e d u r e s  fo r  use in i n f o r m a t i o n
t ime  devoted to i n c r e a s i ng  the  app l i ed  c u r r e n t  t r a n s m i s s i o n  s tud i e s .
f r o m  the R L  to the peak  i n t e n s i t y  l eve l  25 - -

m s e c . of t he  i n t e r v a l  be ing  u se d  f o r  t h i s  p u r -  Other  s tudies  now in the d a t a - t a k i n g  phase

pose . The  o the r par t . C o n d i t i o n  B , u t i l i ,v ed  a re  on the ef fec t  of d r u g s  on j u d g m e n t —  of
- - - s t i m u l u s  d u r a t i o n  and the e f f e c t  of ski ns t i m u l i  eq u a t e d  fo r  the  a m o u n t  of c u r r e n t  i n -

c rease  per u n i t  of t ime , an inc r ea se ra te  of te m p e r a t u r e  on abso lu te  t h r e s h o l d s .
1% of the RL c u r r e n t  value each .4 165 msec,  A d i scuss ion  of the other exper iments  in

• T h r e e  s t anda rd  d u r a t i o n s  and t h r e e  in tens i ty  which I am engaged I would like to delay a
levels  w e r e  u sed , moment  to take up a v e r y  i m p o r t a n t  topic fo r

M ean T / T  plott ed in F ig .  10 . The t h r e e  t h i s  p r o g r a m . That is , the p rob lem of eval-
inte ns i ty  levels  were the same as those  used u at i n g  the  u s e f u l n e s s  of cutaneous s igna l ing .
in the in t e n s it ,’ d i s c r i m i n a t i o n  e xp er i m e n t  I hav e  s u g g e s tc d  uses  for  sk in  cornn-uur ,ica-
r e p o r t e d  ea r l i e r. S tandard  du ra t ions  cove red  t ion in u n u s u a l  s i t u a t i o n s ,  such as a r o u n d  j et
a ran g e of 0 .5 to 1.5 sec . Use of a weak in-  a i r c r a f t , but what  of i ts ’ poss ib i l i t i e s  for more
tens i ty  l ev e l  (i l )  y i e lded  s i gn i f i c an t l y  l a rge r  n o r m a l  u s e ?

T / T  va lues , but  t h e r e  was no d i f f e r e n c e  Severa l  c r i t e r i a  may be used  to compare
between the use of the middle and h igh  ski n communica t ion  to audition . F i r s t , i t  is
i n t e n s i ty  leve ls  (I~ and 13).  F u r t h e r , t he  0 .5 possible  to look at the d i f f e r e n c e  in t r a i n i n g
Sec . s t a n d a r d  d u r a t i o n  r e s u l t e d  in si g n i f i -  t ime , Sub jec t s  w i th  the m e c h a n i c a lv i b r a t i o n
c a n t l y l a r g e r  T / T  ra t ios , but the 1.0 and 1.5 s y s t e m  d i s c u s s e d  e a r l i e r  a ch i eved  a recep-
sec . s t a n d a r d  dura t ions  did not p roduce  s ig-  t ion  r a t e  of 38 words per minute  with a t ra in-
n if icantl y di f f e ren t  resul ts .  In addi t ion , no i ng t ime measured  in days , while a similar
di f fe rence in - T / T  r e s u l t e d  f r o m  d i f f e r e n c e s  level w i t h  M o r se  Code would r e q u i r e  weeks
in rate  or t i m e  of s t i m u l u s  onse t  or offset , of t r a i n i n g .  The A r m y ,  inc identa l ly ,  con-
Both i n t e n s i t y leve l  and s tandard  d u r a t i o n  s i d e r s  a man p r o fi c i e n t  in Morse  at a r a t e
being s i g ni f i c a n t  e f f e c t s , t hese  data  suppor t  of about 18 to 20 words  per  minute . It is
a hypothesis of Holway and Hu r v i c h  (11 )  that obvious , howev er , that Morse  Code is gr ossly
d i s c r i m i n a t i o n  is changed  wi th  e i t h e r  an in -  i n e f f i c i e nt , fo r  we can unders t and  speech  at
t e n s i t y  or d u r a t i o n  change of t he  st anda rd  a ra te  of some 250 words  per minu te . Can
st i m u l u s ,  we a pproach such a ra te  for skin comn-iunica-

The next  logical e x p e r i m e n t  is to d e t e r -  tion ? Some inc rease  in speed over the
mi ne how many electr ical  cutaneou s s t imu lus  presen t  rate is no doubt desirable , and a

I
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l ikely candidate for such an increase is to 7 , Goodlellow , L. D. An empi rical com-
use some so r t of phoneme sys tem. p ar i son  of audit ion , v i s ion , and touch in the

It has been sugges ted  that  the best use of d i sc r imina t ion  of short  intervals  of t ime .
cu taneous si gnals at p resen t  would be for A u i u o r . J . Psychol.,  1934 , 4 1 , 2 4 3 -2 5 8 .
some sort  of ‘‘ w a r n i n g ’’ or ‘‘ale r t i ng ’’ pur-  8. H awke s , G . R. Communicat ion by d cc-
pose . A comparison of skin vs .  auditory t r i cal  s t imu la t i on  of the skin, I. Absolute
infor mation of this  type would entai l  a v ig i l -  i d e n t i f i c a t i o n  of s t imu lus  in tens i ty  le vel. ~~~~ance s tud y, now in progress , in cooperation Med . R e s. Lab. ~~~~ No. 400 , Ft . Knox , K y . ,
w i th  Dr . Loeb , head of our Audit ion Branch.  1959. (Also see Rep. No. 401 , 4 10 , 424 , 428 ,

A t this ti me , I make no pr ed ic t ion  that the 442, )
skin  will dis place the eye or the ear as a -

- - - 9. Hawke s , G, R . An evaluat ion  of thep r imary  channel one uses to receive inIor- - - -
- - - - magni tude  es t imat ion  t echn ique .  3. Ps chol.,matio n . On the other hand , it i s poss ib le  that 60 ~we may yet win the “SKIN CAME .” . ~in press
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A. H UMAN FACTORS IN THE EVALUATION OF SIGNAL CORPS SYSTEMS BY Edward W .
Bishop, Dunlap and Associates , Inc., Stamford, Conn.

This morning I would like to discuss a external source. The important part of that
problem which is encountered in the day-to- last sentence is the word “ sought. ” The
day application of human factors . This prob- di f ference  in approach which I wish to em-
lem arises as a question: “How can the human phasize is the difference between developin~
factors special ist  support the evaluation re-  goals as an active human fac tors  function and
quired in the normal course of equi pment passively asking, “What  are the system
development?” We have worked jointly with goals?” The human factors specialist cannot
the Signal Corps at Fort Monmouth in the limit his interest  to determining how well a
development of several equ ipments by pro- man-machine combinationcando some speci-
viding support to their in-service human Lac- fied job; he must consider also the human
tors effort.  We have in general  acted as factors in the job to be done , i.e., the goal of
consultants to the equipment engineers, the system.

When equipment is ready for testing,  we In preparing this paper , I reviewed the
have been requested to help the engineers previous conference reports and found that .
insure that the human factors are accounted as one would expect , there has aiway been
for in the test  program. an awareness of the importance of the user ’s

In this paper I will discuss the approach needs. Usuall y this has been expressed in
we have evolved and the specific guidance we some way that indicates the user  would pro-
have given to the engineers. We have adopted vide information about goals on request - - the
a viewpoint that each equ ipment and the op- human factors specialist need only request.
erator (or operators)  required to man it com- Unfortunately, our experience has been that
prise a system. This implies that the equip- often the user  states his needs in a format
ment and men togethe r are required to that is too general to be usefu l or that the
accomplish certain goals or requirements  needs are , as I noted earlier , simply not
and that they constitute a functional entity. established. The function of the human fac-
This provides a frame of re ference  that per-  tors specialist is then to help the user  es-
mits evaluation of the equipment in terms of tablish and express his needs as goals for
its ultimate use rathe r than in te rms  of what the sys tem. To implement this approach , we
it can do. undertook a study ’ to outline the steps

To illustrate: a rada r intended for battle - necessary to identif y the human factors goals
field surveillance may--because  of the state - and to evaluate for them. The purpose of the
of - the-ar t - -be  capable of locating and dis- stud y was to provide guidance for eng inee r s
criminat ing targets as small as individual in their development of a test plan. We
troops. However , the system user  (e.g., the described the steps and illustrated them by
battlefield commander) may require onl y the an assumed application to ground surveil lance
knowledge that there are moving objects at a radars .  I will now describe these steps and
given location and that the objects are of some the illustration.
gross category (e.g., men or vehicles) . The The initial step in this development is to
fact that the equipment is capable of precision examine the concept and utilization of ground
beyond present  needs is of in te res t fo r  fu ture  surveillance radars . This was accomplished
development and application; but the immedi- (in our study) jointly by human factors and
ate evaluation must  be based on the present Signal Corps operational personnel . The role
system requirements. At this point , one may of human factors in this ster was to provide
say it is easy to be glib about system goals information about human performance and
and evaluation in terms of these goals , but thus direct the examination toward those
that in practice it is usually difficult to aspects of the radar system pertinent to the
identif y them. This difficulty is very real , operators.
and usually ar ises  because either the system The concept underl ying ground surveillance
user  doesn’t have a clearly established need radars was determined to be that they will
or the c.apability of new equipment is unknown supplement or replace visual contact and that
and thus difficult to relate to the user ’s needs, they will do this by extending the range of

Our proposed approach to overcoming this contact and by providing contact under ad-
difficulty consists of a systematic develop- verse conditions. A radar mightalso provide
ment of goals with the user  as a f i r s t  step greater reliability and accuracy than a man
in system evaluation. This is opposed to an making a visual sighting. This , in general ,
approach in which goals are sought from an is the mission of the system. To make this

~B~shop , A~ batt , o.~~a an.f rnneil, A Methodoloqy [or the Evoluotion of Ground Surveiflance Radars, Fin~ Reporf on St~rn-i I
Corps Cont rj ct No. ;: -3E,-1 )-~~~-73253 , Task Order .02, Stamford , Conn, , June 1959
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statement  usefu l as a cr i ter ion inevaluation, equipment , and his performance of these
it is necessary  to elaborate upon those as- tasks is subject to evaluation. This study,
pect s which affect  implementation of this con- however , was limited in scope to operation
cept . Further  examination suggested that of ground surveil lance radar .)
there are three important aspects: the It became apparent in attempting to rank
physical  environment in which the sys tem is these tasks that missions for specific radar
to operate , the nature of the targets to be applications would be involved. Therefore ,
sought , and the nature of the tasks to be per- for this development of a generalized guid-
formed by the operator . ance , the tasks were  assumed to be of equal

Each of these aspects was next fu r t her de -  importance and each task was assumed to be
tailed. The envi ronment  and target charac-  a possible mission for a radar system. Our
ter is t ics  were specified by the operational next step was to relate these tasks to the
personnel. The nature of the operator ’s other variables that had already been ranked
tasks was defined by the human factors  per-  as to importance. This was accomplished by
sonn el based on the sta ted operat ional needs . defining the cri teria for evaluation to be ’used
We will look at these details in a moment , for each task. These cr i ter ia  establish the
but I should f i r s t  like to describe the next measures to be take n under each combination
step of our development , of variables previously rated important. The

Our joint effort  has thus ftr yielded a pic - measures  are of two kinds: objective per-
ture of the total possible system operation -- formance measures and the subjective evalu-
environment , targets , and operator tasks . ation of performance by an observer skilled
As you mi ght expect , this presented a range in radar system operation. These criteria
of possibilities that are not all of equal irn - are shown in Figure 4 .
portance to the system user . In fact , some (The opinions are included as a means for
of the combinations would be so rare  as to drawing on the knowledge of skilled personnel
be nearly impossible. Our next step was , usually available to an equi pment test pro-
therefore, to submit these possibilities to a gram , and for obtaining some estimate of
review for importance by operational per-  qualitative aspects of performance.  Also , in
sonne l. The human factors role in this review view of the limited time usually assigned for
was twof old : f i r s t , the methodology of rating evaluation , such opinions might have to be
importance had to be properly employed and used more than would otherwise be desirable.)
this , of cou rse , is a basic tool of human tac - To this point the evaluation program con-
tors research. Second , the operator ’s tasks sisted of the measures  to be taken and con-
must be properly represented to the rater .  ditions under which they would be taken. The
Guidance in these two areas , then , was the next step was to consider the techniques (or
human factors contribution, We will now see experimental designs) for testing that would
the system character is t ics  as they would be assure adequate consideration of the selected
rated . The ratings are shown in three slides , variables. This was approached from the
one each for target , environment and equ ip- position that the design selected for evaluation
ment variables. The values are i l lustrative, should yield information that would be usable
not actual. (Figures 1, 1, and 3.) in reaching decisions about the equi pment.

We had identified the operator tasks as be- The information yielded by the study, there-
ing to detect , identif y, locate and track tar -  fore , must have the following characteristics:
gets. These tasks were defined as follows: 1. Objec tivity, or the absence of personal

l . Target detection - Perception by the bias .
operator of a return, 2. R eliability, which is confidence that the

2. Target identification - Apprehension by information is not variable.
the operator of those target characteristics 3. Accuracy, or the absence of constant
which are distinguished by the radar , and error .
which serve to differentiate c l a s s e s  of 4. Validity , or the extent to which the in-
targets. formation describes the desired measure.

3. Target location - Determination by the 5. Relevance , or the pertinence of the in-
operator of the position of the target with formation to the decision to be made about
reference either to the equipment or to an the system.
arbi t rary reference base . 6. Completeness, or the condition that the

• 4 . Target t racking - Continuous target lo- information contains all of the relevant data.
cation. There are , of course , several experimental

A final task would be target contact termi- designs which will produce results having
nation - Determination by the operator that these characteristics. The selection of a
contact with the target is ended or inter- design then hinges on the satisfaction of the
rupted . (Essentially this is the converse of demands imposed by the limits of resources
item 1.) and the needto.valuate under  certain selected

(The above listing, of course , does not in- variable conditions. To the human factors
d ude all the tasks which could be assigned specialist , this suggests an experimental de-
to the operator . He may also be involved in sign of the incomplete factorial type. How-
the transportation, setup and orientation of the ever , this plan was being developed for other
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Land- form
Hilly Hilly

Vegetation Flat undulating b r oken Mountainous

~are 1 1
!t~gricultural  a o
~rush 2 0 0
~Vooded Q 1 1 Q

PRIORITY SCALE

4. Very important; essential to investi ga te ful ly.
3. Important; sh ould gain at least limited information.
2. Moderately important ; investigation normally indicated.
1. Least impo rtant ; other data probably relevant .
0. Unlikely situation; generally of neg li gible significance.

FIgure 2. Selecting and Assigning Prk ritJ~s th the Environment Variables

Display mode
a

-
~~ 

-
~~

5) 5)

0 — -~~ ~~~ 
±

0 0
An t en na U) + + ± +

mode Signal  compar i son  mode 
-

iuto. Nor m al video ( N ) 0 1 0 0
Coherent  MTI (C) ZD
Non-coherent  MTI (NC)
N+C

• N+NC 2D

~4anua 1 Normal  video
Coherent  MTI 2L 2L ZL
Non- coherent  MTI ZL ZL LI
N+C
N4N C

D - de tec t , L - locate , I - identif y,  T - t rack.

PRIORITY SCALE

4. P r i m a r y  mode for which equi pment designed must  be tested.
3. Secondary mode; should be investigated as an alternative scheme.
2. Possible mode; investigate if t ime permits .
1. Possible mode ; not worth investi gating.
0. Impossible mode.

FIgure 3. Selecting and Assigning Priorities to Mode of Operation Variables
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____________________________ M eas ure
Mission Accuracy Speed O b s e rv e r  op in ion

)etect ~atio of targets  detected to Time f rom onset of Ease of t ask .
targets  present . ta rge t  to detect ion.

~1umbe r (or proportion) of Range at which
• absolute e r ro r s,  detec tion occurs .

)irec tion of absolute
e r rors .

dentif y ~lumber (Or proportion) of Time from detect ion Ease of t ask .
bsolute e r rors :  of ta rge t  to identi-
of all ta rge ts .  f icat ion.
of a class of targets .  Range at which iden-

)irection of errors .  t i f icat ion occurs .

.~ocate ‘umber (or proportion) of Time from iden t i f i ca -  Ease of t ask .
absolute e r rors .  tion of target  to

)irection of e r rors,  location.
Range at which loca-

tion occurs.

rrac k and ~oordina te e r ror  in Time required to es- Ease of task .
dispose tracking. tablish t racking.

)i rec tion of e r ror .  Ratio of time off-
orrec tness of disposition. t rack to time on-

tatio of time off—track  to track.
time on-track.

Figure 4. Selecting Measurement Criteria for System Missions

than HF personnel. So, a set of rules was 3. Make sure that events hosen for study
develope d to direct the design of a test pro- which are unique and do not afford much pci-
gram. These rules were developed to provide sibility for generalization are the most im-
guidance for an experienced equi pment engi- portant factors in system performance.
neer in organizing the operator ’s tasks and 4. Give preference to the conducting ofthe selected variable conditions into a man- tests that will yield a large amount of infor-ageable evaluation plan. Remember that the mation in a given interval of time by corn -
rules apply to the condition s alread y selected
as being important and that the rules will be biru ng variables.

• used to include as many hi ghly rated condi - 5. Wheneve r a strict comparison between
tions as possible in the tests, two items is required , all other variables

1. When it is possible to stud y more than should be held constant.
one set of conditions , they should be chosen 6. Every measurement is reLativ elyuseful
such that the widest range possible Is en- or useless according to how well It satisfiescompassed. For ezamp le, the ”best ,”” poor- the quality criteria , namel y: objectivity .est” and “average ” of a condition should be reliability, accuracy, validity , relevance , and

~ ¶ studied rather than only those conditions completeness. Therefore , assess each mess-near the “best .” urement by these criteria.2. Choose for stud y those effects which
are very like ly to have similar influences 7. It is desirable to consider the form of
upon a varie ty of condition s as shown in the the results when selecting the design for
ratings rathe r than those effects which have evaluation. The data themselves , or the way
uniq ue and different influences dependent on in which they are to be used , will often dictate
the conditions studied , the form in which they should app ear (e.g.,
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tabulated , graphed or charted) .  Knowing this , performance measures to be obtained under
the test designe r can select a technique which important representative conditions. In our
is most suited to that fo rm , example we outlined four tests that would be

Af te r  these rules have been applied , an developed by application of the suggested pro-
evaluation program is available that permits  cedur e.  I will describe one of these.

TEST PLAN EXAMPLE

Test No. 1

A . ~~~~p~~ e:

1. To evaluate  the system capability precisely for a limited number of targets in an ideal
envi ronment  while the equipment is used in its theoretically best mode of operation;
and to stu dy the effects of target motion.

2. To evaluate the ease of performing the pr imary  missions of the system.

B. General Test Design:
Four-way factorial with replication as follows:
4 target type conditions
3 target speed conditions
2 ta rge t  d i rec t ion  of motion condi t ions
2 operators giving 5 observations of each combination of other conditions.

C. Conditions to be Studied:

1. Invar iant  conditions
a . Environment - bare and flat.
b. Mode of operation - automatic and manual scan as required; non-coherent MTI and

norma l video as required; A scope , B scope , and aural presentation of target data
as required .

2. Variable conditions

a. Target  types - corner reflector , single upright man , group of 10 upright men , t ruck.
b. Target speed - slow , medium, fast.
c . Target direct ion of motion - radia l and lateral to observer.

D . Measurements  Taken (Illustrated in Figure 5)

1. Range and time at which target is detected .
2. Range and t ime at which target is identified .
3. Range , azimuth and time when location of target is determined.
4. Length of time between detecting and disposing of target .

E. General Conduct of Test

Sing le targets are placed successively at random outside the range of the equipment . For
radial motion the targets approach the rada r until they are detected . For lateral motion a
numbe r of targets a re placed at decreasing ranges and successively cross in front of the radar
until the operator detects and ident ifies them. The operator continues to track the target until
the required numbe r of range and azimuth readings have been taken. The test observer will
evaluate the ease and skill with which the operator performs his tasks and other pertinent
data as well as the prevailing weather.

When a test like the above has been com- of the evaluation progra m and not passive in
pleted , a reasonabl y complete picture of sys-  examining a limited area of specialized in-
tern performance will be available , In this terest.
picture some account will have been taken of The study I have described to you is now
all the conditions which would affect actual being used by the Proving Grounds at Fort
performance. The human factor role has been Hua chuca , and we hope in the fut ure to have
to provide guidance about operator behavior reports of their experience with it. In the
and about the methodology for measuring that meantime, we hope to have stimulated think-
behavior. The important aspect of the role ing abou t the relationship of human factors
is that It is active in establishing the nature to system evaluation.
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OBSERVER’S TEST FORM

IDENTIFICATION OF TEST

Date______________________________ Target  Type(s )__________________________

Test No. 
_______________________ 

Speed________________________________

Time____________________________ Direction of Motion_____________________

Site Location_____________________ Equipment Mode scan

Operator Name__________________ ____________________ 
MTI

Obse rv er Name___________________ ___________________display

Terrain

Ve getation________________________________

RESULTS OF TRIALS

The kind of information to be recorded in this section will depend upon the exact
requirements  of the use r s  of the data. Typical recordings would be:

1. Range and time at which target is detected.
2. Range and time at which target is Identified.
3. R ange , azimuth and time when location of target is determined.
4. Length of time between detecting and disposing of target.

PERFORMANCE RATING

Subject performed (check one)

0 0 0 0 0
Excellent Well Acceptable Poorl y Badly

Comment on any significant or unusual features of trials or subject ’s
per formance .

p

WEATHER (check one)

Wind weak ! 0 nil Temperature F’

0 moderate 0 moderate Pressure in.

0 strong 
~~~ 

heavy

Comments on weather (fog, snow , et c . )

Figure 5.
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B. SYSTEMS DEMANDS ANALYSIS: A METHOD FOR SPECIFYING PROCED URES by Donald
H. Armsby, Applied Psychology Corporat ion , Arlington , Va. , and Daniel L. Huebner ,
U. S. Army Signal Research and Development Laboratory, Ft. Monmouth , Md .

This report  deals principally with the con- Procedure for Analys is
cepts and methods formulatedduring the f i r s t  Current practices in “ task analy sis ” go
phase of a multiphase project . Its goal is to either too far or not far enoug h f or  the objec-
develop for and provide to the engineer ing tives of this project . The terms presently
psychologist members of Signal Corps system used are generally concerned with psycho-
design teams , tools and data which have not physical details (for example , Flicke r below
so far been available to them. The major threshold , or Reaction time ) or , on the other
reason for undertaking this project is to im- hand , with gross behavior (for example , Scan
prove , systematize, and objectify the tools of or Mani pulate) . In the case of minute details ,
engineering psychologists so that these spe- there is no means by which grouping can be
cialists can increase their aid in the design easily accomplished; and statements such as
of maximally effective systems.  The project Scan are so broad that it is not possible to
is concerned withthe design of future systems know specifically what the operator is doing.
as these systems affect the performance There are tendencies to focus upon observ-
character is t ics  of operators in the man- able physical movements or to make infer-
machine interface. Emphasis is placed on the ences about complex mental activities. The
inclusion of human engineers in the earliest uncrit ical  use of task terms make s it difficult
design stages and the effective establishment to determine when , whe r e , and why one task
of a sytems-oriented team approach to ends and another begins and make s it almost
design. impossible to determine essential similar-

Although the project proposes to provide ities and differences between tasks , es pe-
tools and data which will eliminate many of cially when they are performed with different
the chance factors in designing new systems , types of equipment.
the f i r s t  phase was necessari ly focused upon After  considering t h e s e  difficulties , a
specif ying exactly the operations performed method of task analysis was developed which
with present systems. This informat ion was avoids most of these d ifficulties.
not available at the outset of the pr oject  nor Since no standard terminology presently
was there any acceptable way of obtaining it . exists , we have taken some words which
Terminology was , and to some extent still is , seemed appropriate to the purpose and have
especially confusing. Investigators use dif - assigned quite specific and specialized mean-
ferent  sets of data , which make s it almost ings to them. The four major terms we are
impossible to generalize f rom their findings . concerned with in this phase are Demands ,
The reason for starting with an analysis of Dimensions , Operations , and Procedures .
present  operations is that detailed knowledge The particular sense in which they are used
of these operations will form the base from in our system will become apparent as each
which ineffective , wasteful , and overlapping is examined in detail . This analysis method
operations may be corrected during early is a means by which a functional behavioral
design stages , substituting for them standard unit can be broken down into those related
tasks which accomplish the same purpose elements of the over-all situation which de-
more eff ec t ively. mand that a monitoring type of behavior must

The f i r s t  phase of the project has been occur. In our approach, since we do not
accomplished. Methods have been formulated know in advance what a monitoring type of
to specif y and define present operations, behavior is , we start by analyzing manytypes
Units of operator behavior have been defined of operations and then assign the term
by the determinants of that behavior . These “monitoring” to one of these types.
determinants , which we have called dema~ 4!, As we have said , the determinants are
are made more explicit by adding qualitative called demands. A single demand is defined
and quantitative dimensions and are tied in as ~he requirement which a particular aspect
to concrete specifications. Demands have of the man-machine’s total relationship
been grouped into categories, and the simul- places upon the operator so as to limit , pre-
taneous occurrence of many demands defines scribe , or allow certain activities on his part
an ~peration. Operation limits have been so that he may successfully accomplish hi s
established and a form for presenting an op- purpose. Any sing le demand may change for
eration taken out of context has been devel- every behavioral unit with which it is as-
oped. Finally, a method has been developed sociated; or it may be constant for several
for relating and grouping operations so that units of behavior; or it may be constant for
they constitute the next larger behavior unit , all the operations. (The term “behavioral
a procedure. Although this f i r s t  phase of the unit ” is used here rather than “task” be-
project is seen principally as providing a cause of the special sense in which we will
basis for further research, some trnmedi- use the word “task” .) In arranging levels
ately useful findings have resulted which will of abstraction, the demands are such that
be discussed later, they occur at a more abstract level than
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ps y c h o physica l  details and at a more concrete Demands in the~data-sensing,  data-process-
le vel tha n gene r al task des cr iptions . One ing, and da ta-genera t ing  categories  form an
capability of the analysis  method is in con- internal  system like a cascading integrat ion;
nect ing all three  levels . i.e. , a f ter  data about the input are sensed ,

At present  we have identif ied f i f ty - two the operator per forms  an operation with the
demands , the pr esence , absence , type and/ o r  data and , depending upon the quanti tat ive and
in tens i ty  of which have an effect  upon the quali tative adequacy of the data , generates
operator ’s behavior in the per formance  of his new , bet ter , or more inputs . Throug h ti me ,
dut y. Insofar as possible , these demands a series of events forms a closed loop of re-
were  selected to include all the major deter-  lated inputs and sub-out puts until no fur the r
minants  of an operator ’s behav ior and to c hange (o r in th is  case , output  to the u se r )
meet two additional cri teria:  to state the occurs . The data-generat ing demands are
dema nds in such a way as to allow the oper-  concerned only with the gene r ation of data fo r
ator to be ei ther  a man or a machine , and to th e use of the ope rato r , not d i rec t ly f or the
limit the demands to those responsive to eventual  user . The output demands are con-
alte rati on by cha nges in design. cerned with the data intended for  the user .

Each demand has a dimension , the nature
of which depends on the demand’s charac-  Simultaneous Occurrence  of Demands
te r is t ic , and it is t hese “ qualif y ing ” d i men -  After  the demands ’ dimensions have been
sions which give us the “degree” of wh at is est ab l i shed , the specific dimensions which
dema nded of the operator. occur in a particular system at any given

A few of the demand di mensions consist  of t ime must be combined and related , The
a “yes ” or “ no ” statement and some have to dimension of every demand app licable to the
do with types , while most are an approximate functioning of a system is noted as the de-
scale of in tens i ty .  The demand ‘‘type of signal mands occur s imultaneously or in a related
in put ” is an example of a de mand whose di-  sequent ial  a r rangement. Based on the prey-
meas ions are types. T he typ es of si gnal input ious steps , the resul t ing s t ruc tu re  of an oper-
so fa r considered are:  indicators , scales , ation consists of four and only fou r of the f ive
al phan u m er i cal mate r ial , energy si gns (such demand categories.
as i n f r a - r ed ) ,  symbols (such as radar) ,  plots Figure 1. i l lustr at es the three  po s sible
and maps , photos , and s t ruc tu red  enhance- groupings of demand categor ies .  Two are
rnent , This last type includes such things as those in which input demands occur , fo l lowed
ti me compression and color coding and is by or simultaneously occurr ing with data-
used in conjunction with the other types.  sensing demands , data- process ing demands ,
These signal ty pes a re su bgrouped sothat  the and data-generat ing demands.  In one of
f i r s t  th ree  are digital symbols and the other these two forms the sub-ou tpu t f rom the data-
six are analogic , and all are  ar ranged in an generat ion is such that it produces no irn-
ordi nal scale of message completeness.  In mediate new or al tered inpu t . This is si m ila r
the ana lysis  process , each demand is used in to programming a computer . in the second ,
associa t ion with the d imension appropriate more usual fo rm , the sub output f rom data
to the par t icular  situation , To ill u st rate , the generation does feed back and leads to im-
dema nd ‘‘ resolu tio n” would be used in as- mediate new or altered inputs and best f i t s
sociation with one of its dimensions (‘‘hig h,” the model of a closed loop cascading inte gra-
“medium .” or “low”), the two together con- tion. (It may well be that the number and
st i tu t ing  the unit of analy s is , ext ent of such operation s could be used to

Many de mands a r e analyzed f u r t h e r  to re-  reflect the complexity of systems’ func-
late them to more Concrete details which we t ioning.)
shall call specif icat ions;  some examples are: The third form of demand category grouping
foot-candles , hei ght -width  ratio of symbols , occu rs ei the r with ve ry s im ple systems or as
diar n— ’ters of knobs , et c. These specifications the final operation of complex sys tems.  It
a re be ing  co l lec ted  in two fo rms :  the physical  consists of input , f ollowed by da ta - sens ing ,
aspect , and the optimal range of that phy sica l followed by da ta-process ing ,  which is fol-
aspect  in regard to a human operator . lowed by output .

Regardless of the form involved , the total

~~~ o r i z i ng of Demands of all the de mands ’ dimensions occurring
For use as an analy tic tool , we have divided simultaneously is taken to be the definit ion

the f i f ty - two  demands into five categories: of the operator ’s behavior at that t ime. Al-
input , da ta - sens ing ,  da ta-process ing ,  data- though some of the demands are concerned
genera t ing ,  and output . They are grouped in directly with physical move mcnt (exam ples
this way pa r t l y f or an a ly tic convenience and are: force required , and degree of coordi-
par t ly  to indicate a t ime and ac t ion  sequence , nat ion) ,  the total demands si tuation is the
but mainly to indicate something of their  func - smallest unit of behavior we are treat ing
t ional in te r re la t ionsh ips .  Demands in the independentl y. This is what we term an~~~~input ca tegory are concerned with two types eration. Thus , the specific dimensions of as
of input:  those f rom outside the system and many as forty demands (using fou r of the
those  g e n e r a t e d  by the system i t se l f,  five categories) taken together define the

I 0’J
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FIgure 1. The Three Patterns in which
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operation demanded by the total s ituation, both in number and type .  Between other op-
Or , presen ted  in another  way,  each opera t ion  erat ions the re  appeared to be a major change .
consists of as many as for ty  de mands ’ di- both in numbers and importance of the de-
mensions occur r ing  s imul taneous ly or in mands, The si gnificance is that  ce r t a in  of
closely related sequence. the demands , when the y ch ange , appear  to

ke y off chan ges in man y othe r demands ;  t h e y
Operational Limi ts  t he re fo re  appear to be the “ key ’’ demands

Since operations are cons idered  the basic of that sys tem.  It was thus  decided that
bu ilding blo c ks of b e h a v i o r , it is ne cessar y chan g es i n ~~~~~de m ands best ex pre ss the
next to de termine  their  limits and to find how re la tedness  of uperations . As long as key
a s ing le ope rat ion can be l i f ted out of con te xt demands  do not c han ge , operat ions changing
and presented to give a concise  yet complete du r ing this  ti me may be gr ou ped to ge ther  as
descr ip t ion  of it. a procedure . Procedure  l imits are t h e r e f o r e

It was decided to def ine operat ion l imi ts  de te rmined  by changes  in key deman ds , sin ce
by the chang e of one or mo r e of the dema nds , such a chan ge in key demands appears to be
(Change is defined as any of the fo l lowing :  the point at which  one procedure  ends and
when a demand be co mes no long er ap plicable ; another  begins , as illust rated in F igure  4 .
or when a demand not app li cable to one oper-  A procedu re could be cornp osedofany numbe r
ation becomes app licable to the next ;  o r whe re  of oper ations , f rom one upwards , and a corn-
one de mand dimension sh i f t s  to another  di- plete funct ion could be composed of onl y one
mension in the next operation .) Where  one or procedure which in tu rn  could be composed
more demand cha ng es o c c u r , t h e n a c h a nge in of a si ng le ope ra tion . -j
content of an operation occurs and a new We believe that severa l  prac t i c a l  app lic a-
operation begins.  t ions will resul t  f rom this research  when it H

The importance of develop in g a form ef- has been concluded . We feel that the f i r s t
f ec t ive l y to represent  a single operation phase has already provided ameans for cata-
ste ms f rom the fact that  operations as de- log irig equi pments and the procedures  cur -
f ined and develope d here  mu st be amenable rently used with them. By assi gnin g ter m s
to bein g used as units in d i f f e ren t  contexts , to specif ied p rocedures  we 1-ave a good basis
Figure Z. presents  an example of an oper- for  a s tandard terminology. Givin g a value
ation mat r ix  constructed for  this purpose,  to each of the demands ’ d imens ions  makes it
U p to this  point our mat r ix  descr ibes  all the possible to produce a procedure di f f icul t y
ope rations of a system . E ach ver t ical column measu re which , even though approximate, we
of the ma t r ix  could be used to define an op- believe is fair l y accurate.  Progress has
era tion at that part icular  point in the sys tem , been made toward solving what has sometimes
However , examinat ion of the mat r ix  shows been called the par t i t ioning problem . This
that s eve ra l  of the demands do not change at is the problem of determining how to extract
each ope r ati on li m it an d t h e r ef ore , if we ex- and analyz e segm ent s of a sy ste m wi thou t
t ract a column from the matr ix  we omit in ter fer ing  with interrela t ionships alter the
valuable information about the continuation system is reassembled. The specif icat ion of

P of demands f rom one operat ion to the next , procedures  provides a means for predicting
There fo re , to present  an operation we show positive t ransfe r of training.
the central  column containing the de mands ’ The next phase of research will deal with
dimensions which are occurr ing at that time , conver t ing  specified procedures into s tandard
plus wing additions to the r ig ht and left of the tasks.  Th e following phase will fu r the r  ref ine
column for  all continuing demands. This standa rd tasks as these ta sks ar e af fected by
method of presentation is shown in Figure 3. system cr i te r ia  and requi rements .

• In skeleton form , and as a res ta tement : W e
Grouping of Operat ions desc r ibe a meth od fo r pr ocedure analysis  by

The next step is to determine how opera- f i r s t  determining the demands imposed upon
tions may be grouped into the next larger the operator  (We have attempted to delineate
unit of behavior , the procedure.  It was sug- those demands especially app licable to Si gnal
gested that a procedure be d~1rned as a group Corps surve i l lance  sys t ems) ;  we have ana-
of related operations;  the difficulty lay in lyzed the demands in terms of those qualifi-
determining how operations may be con- cations of type and intensity which apply to
sidered ‘‘ related.” each; and we call these ‘‘qualif iers ” Dimen-

• A method of ‘‘key demands” analy sis was sions; throug h changes in demands or thei r
eventual ly fo rmulated. This  analytic method dimensions , we identif y ,  desc r ibe and limit
recognized that there is a considerable dii- - Opera t ions;  and by noting changes in Key de-
ference in the total number  of demands chang- mands , we identif y Procedures .  In subsequent
ing between di f ferent  operations . Between ac t iv i ty ,  we wi ll build on the work alread y
some, only a few de mands chan ged . Th ese done in an effor t  to establish an effect ive
changes appeared to be of minor significance , means of s tandard iz ing  Tasks.

I I I
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Input 1 2 3 4 5 6 7 8 9 10 I l  12

I Type signal D3 D3 A 5  AZ D3 D3 AZ A2/ D2  AZ/ D2  Al  A l  A3/D3

2 Fig u r e / g r o u n d  H H H H H H M M / H  M/H H H H
3 Signal/noise L L L H H
4 Definition H H M M H H L L /M L/M H H H
5 ResolutIon M M M

Data Sensing __________________________________________

1 Msg. type recd, S S S S S S P P P A A P
2 Collateral  intel . Zr s  lic zr s  Z~~5 Zr

im im
3 Similarity L L L H L L H H H
4 Discrlrninability H M M M H H H
5 Duration M M M M M
6 Rate of change M M M M M
7 Simult , msgs . H H H L L
8 Frequency M M M M M
9 Spatial location C C M C C P P P P P

10 Spatial interval M M M M M S S S S S
11 No, poss, kInds 2 2 M 2 2 2 2 2 2 2 2
12 Predictability H H H M H

13 % action msgs,  M M M H H
14 Amount attention M M M M M M H H H H H
15 Fixation area M M L M M M S S S S S S

Data Processing

III 1 Type msg. used I I A S I I A A/S A/S  S I A
2 Type data trans. 1 1 1 1 1 1 3i 3p 3p 3p I 3r
3 Degree precision L L M M H H H
4 Action time lag B B B B B B
5 Speed processing R R R R It It
6 No. alternatives N N N N N M

Data Generating
IV 1 Type of control 1 1 2 2 1 2 2 2 2 2 1

2 Coding of control No No No No
3 Contr-occurrence M M M M M M Ho No No No No
4 Control-quality S S S S No
5 Contr-repetition M M M M M M No No No No No
6 Control-rate No No No No No
7 Control-duration No No No No No
8 SensitIvity 0 G G M G G G M M F 0
9 Mani pulation Dl Dl C C Dl Dl Dl C C C Dl

10 Deg. coordination M M M M M M
11 Force required L L L L L L L L L L L
12 Location control C C C C C C C C C C C
13 Results  avail , ‘1 Y Y Y y Y No Y Y Y Y
14 Correc , p055 . Y Y Y Y Y Y Y Y Y ‘1 No

Output
V 1 Type mag.  sent. S

2 Commo. instru,  T p
3 Control-occurr.  S
4 Duration B
5 Speed required M
6 Frequency/hr M
7 Control-quality M
8 Output repeatable Y
9 Results avail. No

10 Correc, pass. No
11 Error  seriousness H
12 Er ror  allowable L

FIgure 2. An Example of an Operation Matrix

1) 2
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J



1 Signal type symbols
2 Figure/ground medium
3 Signal/noise low
4 Definition low
S Resolution medium

II I Msg. type received primary
2 Collateral intell. : i i ’

~~~3 Similarity high
4 Discrin’iinability medium
S Duration medium 

_______________

6 Rate of change medium
7 No . simult. msg,  high
8 Frequency medium
9 Spatial location peri pheral

10 Spatial interval 
_____________ 

small
11 No. pose, kind s 

_________ 
two 

_________

12 Predictability high
13 % action rnsgs . “ii i’id ium
14 Amount attention
15 FIxation area small

111 1 Type meg. used analog ic
2 Type t ransformat ion  interpret
3 Degree precision 

________________________

4 Action time lag brief
5 Processing speed rap id
6 No. alternatives none

IV 1 Type of control 
_____________ 

ha ndwheel
2 Coding control 

________________________

3 Control-occurrence I no
4 Control-quality Lsome 

__________

S Control-repeti t ion no
6 Control-rate no
7 Control-duration ____________ J no
8 Sensitivity [ gross ]
9 Mani pulation ‘ [ discrete

10 Degree coordination medium
11 Force required I little
12 Control location L control
13 Reeults available no
14 Correction possible I yes

— 

Figure 3. One Column from an Operation Matrix , Showing Present
and Continuing Demands

I
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C. HUMAN FACTORS ENGINEERING ASPECTS IN DEVELOPMENT OF SPECIALIZED
ELECTRONIC WAR FAR E EQUIPMENT by Lt Colonel R. D. Speer , U. S. Army Elec-
tronic Proving Ground , Fort Hauchuca , Arizona

This pape r is classified “FOR OFFICIAL Chief of Research and D e v e l o pm e n t .
USE ONLY” and is on file with the Human Department of the Army, Was~.ington 25,
Factors Research Division, Office of the D . C.
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CHAPTER 7
U. S. ARMY CHEMICAL CORPS PRESENTATIONS

A. DISSEMINATIN G HUMAN FACTORS ENGINEERIN G INFORMATION
WITHIN THE CHEMICAL CORPS: Dr . Leonard C. Meade , Tufts
University , Consultant to the Engineer ing Command , U .S . Army
Chemical Corps.

B. PSYCHOPHARMACOLOGY AND HUMAN FACTORS ENGINEERIN G
IN THE U.S . ARMY CHEMICAL CORPS (Unclassified Abstract of a
CONFIDENTIAL Paper): Dr . Earl Davy , Chief , Psychology and Human
Engineering Branch , U. S. Army Chemical Center , Md.
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A. DISSEMINATING HUMA1~ FACTORS ENGINEER ING INFORMATION WIT HIN THE CHEM-
ICAL COR PS by Leonard C. Mead, Tuf t” University, Consult ant to Engineering Command ,
U, S. Ar my Che mical Corps .

The speake r was aske d to serve as a Con - individual soldier and in the production line
sultant to the Engineer ing  Command several set-ups and procedures for certain Chemical
years  ago as a re sul t  of the then Commanding Corps products. In order to answer the sec-
Off icer , Colonel Allen , attending one of the ond question , it was decided to set up a pro-
ear l ie r  Army Human Factors Engineering gram to “ sensitize” project engineers in
Conferences . Colonel Allen asked his new particular , as well as other Chemical Corps
consultant the following two quest ions:  personnel , about the nature and uses of human

1. Were  there  human factors  engineering engineer ing so that these individuals would
problems within  his Command , and consult the appropriate literature in the field

2. If so , how should they be met,  or else seek out human factors engineers when
The speaker initiated a series of Visits faced with a man-machine problem for help.

to the Army Chemical Center  and spent In 1958 the speake r arranged a series of
considerable  t im interviewing project en- indoctrination seminars to be conducted at
gineers  and adminis t ra tors  who were  La- Edgewood. The mission of these seminars
mi l i ar  wi th  the overall program. Alter a was to establish “appreciation” for human
period of several  months , it was decided factor consideration s among selected project
that the answer  to the fir s t  question was engineers in the Engineering Command , the
that there  were  human factors problems Materiel Command, and the Research and
both in cer ta in  end- i t ems  for use by the Development Command.

The following table gives the schedule of topics and speakers
TABLE 1

Program of Indoctrination Seminars in 1958

1. Introduction to Human En~ i nee~~pg by Dr . Leonard C. Mead.
2 . The Presentat ion of Information and the Desiln of Controls for Human Use by Dr . Jesse

Orlans  ky.
3. E f f e c i e n cy  of Pe r fo rmance  by Dr . Robert B. Sleig ht .
4. Methods and Their  Application in Human Engineer inR by Dr . Al phonse Chapanis.
S. Human Engineer in g  and the Evaluation of Equipment by Dr. Jerome H . Ely.
6. Anthropornet~,~, by Mr.  Wilbert K. Car ter .
7. W~~r k b y Dr . Franc is  N. Craig.
8. EnvIronmenta l  Factors Affect ing Human Performance by Dr . War ren  Teichner .

In order to assess  whether  the mission of comment , howeve r , was that their super-
the seminars  had been accomplished , a visors were not convinced .
fo l low-up  quest ionnaire  was adminis tered to Beginning in 1959 the Chief Psychologist
the participants asking their  reactions to of the Army’s Research and Development
the semina r contents , de l ivery ,  schedule of Command initiated a program of circuit
presentation and overall opinions concern- seminars (patterned to some extent on the
ing their  usefulness.  Withou t going into the series  conducted at Edgewood) to be con-
details of the opinions received we came to ducted at six or seven of the Army’s (Tech-
the conclusion that a reasonable amount of nical Services) .  The following table is an
acceptance of the notion of hu--nan factors outline of the circuit seminar series con-
engineering was generated on the part  of the ducted by Dunlap & Associates.
participating project engineers. A common

TABLE 2

Program of Army Circuit Seminars by Dunlap and Associates

Introduction to Couree by Dr. Jesse Orlansk y.
Scope of Human Factors Engineering by Mr . Joseph G. Wohl.
~ es gn tor M~~nti~ ii&lity by Mr . Joseph G. Wohl.
Workplace Lay~~~~and Bod~~~~ze by Mr . Robert T . Eckenrode.
Effect  of Environment on Performance by Mr.  Robert T . Eckenrode.
Mi Mi~hine ~~~~~~~~ by Dr. Jerome H. Ely.

— Man ’s Output Character is t ics  and Control Desfgn by Dr. Jerome H. Ely.
Perc tlón a~~~~~~ .pi~ay ~ esi g~~by Dr . Jesse Orlansk y.
Training Considerations Aflecting Design by Dr . Jesse Orlansky .
ifuman~~~~cisT~~~ Ma~~~g by Dr. Mart in A . Tolcott.
E-~perimenta 1 Methods for Des~g~~~~~~ Evaluation by Dr. Martin A. Tolcott.

These seminars were presented to the Chemical Corps in March and April of 1960.
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Because of our previou s experience we that managerial personnel now seemed more
not only invited section level personnel  but convinced of the value of Human Factors
also representatives of middle management Eng ineering and stated that they would make
from the variou s commands and the Chem- organizational assignments such that their
ical Corps Board at Ed gewood to attend the colleagues would become more aware of
c i rcui t  seminars. A fol low-up questionnaire this tool and use it accordingly.
was again administered (as far  as we imow, The experiences described above may be
none of the othe r technical commands fol- useful  to other divisions of the Army where
lowed up in this way). This questionnaire human factors emphasis may be a marg inal
is attached as Table 3. Again without going but relevant phase of the research, develop-
into the details of the responses received , ment , and p r o d u c t i o n  mission of that
we can summarize the answers by saying division.

TABLE 3

Follow-up Questionnaire to Participants in Circuit Seminars

I. Please try to recall items of equ ipment which have been developed over the past year or
two. If you had attended this seminar two years  ago, could any of these Items have been
improved? Please list such items .

2. In a program such as th is , what information should receive:
a . More emphasis?
b. Less emphasis?

3 . Please suggest other types of information which you feel would have been helpful to you
and others in this seminar.

4 . Do you intend to inquire fur ther  into the usefulness of human factors engineering in your
own area of work?
a. II so , how ?
b. If not , why not ?

5. Should this program be extended to others:
a. If so , who should attend ?
b. How often should it be given?

6 . a. Would a 3 month universi ty  course in human factors engineering be beneficial for:
Engineers
Managers

b. Would you support sending one of your men to such a course?
Yes
No

7. Please check below those human factors engineering services which you feel would be of
value:
Human factors information for use in spec ifications.
Special human factors engineering handbook for the Chemical Corps.
Special human factors engnieering check lists for the Chemical Corps .
A human factors engineering laboratory at the development labs.
A human factors engineering consulting group.
Advanced training in human factors engineering for:

Engineers
Managers

Presentation of human factors engineering case studies (local seminars).
Human factors engineering workshop (problems vs techniques for solution).
Procedures for human factors engineering review of designs.

8. (This question asked for the organization and the level within the organization from which
the participant came) .

9. Remarks:

B . PSYCHOPHAR MACOLOGy AND HUMA N FACTORS ENGINEERING IN THE U, S. AR MY
CHEMICAL CORPS, by Dr. Earl Davy, Chief Psychology and Human Engineering Branch
U. S. Army Chemical Center , Md.

( Unclassif ied Abst rac t  of a CONFIDENTIAL Paper]
The Mission of the Chemical Corps Psy- upon man in terms of the extent to which

chology & Human Factors Engineering Branch they increase or decrease the proficiency
includes two general objectives. The first  of his performance as measured by tests
of these is to determine the effects of drugs of specific sensory,  motor , and Ideational

120 
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capacities and by his abil i ty to execute the exper imente r  to control  the env i ron-
representat ive , standardized, mil i tary  tasks , mental consequences of a s imple and m l -
Related object ives include the determina-  mediately repeatable motot act . He is also
tion of accompany ing changes in motivation , able to control a va r i e ty  of stimuli  which
affect , decision making capacity and phys-  may impinge upon a subject  organism dur ing
iological state. The second general objec- an experimental  session.  Both these s t imuli
tive is to conduct human factors research  and the environmental modifications which
related to the design and use of Chemical follow the execution of a motor act may be
Corps equipment. pre-programmed and generated by the use

The specific activity areas of the Psy-  of specialized automatic equipment . The
chology & Human Factors Engineer ing Branch c r it i ca l  responses of the organism a x e
are as follows: The f i r s t  of these is the use e lect ro-mechanical l y recorded.
of Laboratory Tests to measure  the effects  A major objecti~ e included in the mis-
of chemical agents in human subjects. The sion of our branch is the continual r ev iew
second is the determination of the effects of all i tems of Chemical  Corps equ ipment
of these agents upon personnel engaged on during the period that these items are be-
mili tary type tasks . In our new operant ing conceived , designed , and develope d .
laboratory we are using highly specialized This review concerns the design and
techniques to study the behavior of lower recom m ended method of operation of this
animals . The fourth area is that of Human equipment from the viewpoint  of human
Factors or Systems engineer ing which con- use. Our initial or laboratory tests of
cerns  the relationship of an operator to the Chemical Corps equipment from this v i ew-
equipment he uses,  point typically involve preparation for op.

In measur ing  human behavior in the lab- eration or actual use according to a set
oratory and in the field , character is t ical ly of ins t ruc t ions .  Alter the laboratory tests
each test or task , in its identical or in a have been completed , and after a suff ic ient
comparable form , is repeated by subjects number of dup licates of the item have been
in both a drugged and a normal condition , made available , a second series of tests
The order of presentat ion of test  condi- may be carried out under field conditions.
tions , i.e., drugged or normal , is counter- The field conditions include temperature
balanced to rule out the effects of practice extremes , or in the instance of field tes t s
upon performance. Whenever  possible each of protective clothing, the performance of
subject is used as his own control , military tasks while the item is being worn.

During the past year an operant laboratory LI the equ ipment is complex , field trials
has been set up. The experiment in this may include e v a l u a t i o n  of ease of
laboratory is of a sort which will permit maintenance.

_ __ 
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CHAPTER 8
U. S. ARMY TRANSPORTATION CORPS PRESENTATION

AVIATION CRASH INJURY RESEARCH by Francis P. McCourt , Chief
Research and Ana lysis Division , U. S. Army Transportation Research
Command , Ft. Eustis , Virginia
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AV IATION CRASH INJUR Y RESEARCH by Francis P. McCourt , Chief Research and Analysis
Division , U. S. Army Transpo rtation Research Command , Ft. Eust is, Virgi nia

The major objective of aviation crash crate ,” “moderately severe ,” “ severe ,’’
injury research is to provide data for engi- and “extremely severe.” These are the
neer ing design which will , in turn , assure  accidents in which tnere  is a definite cx-
survival  - with little or no injury - in a i r -  posure to injury (whether injury occurs or
craft accidents which involve survivable not) and in which the total energy of the
conditions of crash force,  crash is insufficient  to completely collapse

Many will agree that so long as a human the occupiable (cabin or cockpit) s t ruc ture.
being is in any way associated with the de- Let us consider an airplane accident in
sign , construction, maintenance, and opera- which the crash force imposed on the air-
tion of air vehicle s - - - - “There shall be craft  is within the known limits of human
accidents !” tolerance. Excluding crash f ire , drowning,

It does not necessari ly hold true , however , etc., (which is another problem entirely)
that ’ so long as we have aircraft  accidents injuries sustained are generall y produced 

“There shall be injuries and deaths !“ through any of these five methods:
Experience has shown that , under certain (a) By having structure collapse suffi-

conditions , human structure can withstand ciently to impinge upon (or crush- in)  vital
exposure to impact forces which will nor-  body areas ;
mally disintegrate aircraft  structure.  Con- (b) By becoming a far-flung missile (Ex-
sidering then , the capability of the human ample: The seat in which you are restrained
bod y to with stand certain magnitudes and may fail at its floor attachments, allowing
direction of force application, it becomes you to be thrown against forward s t ructure
possible to proceed to isolate and classif y or even out of the a i rc ra f t ) ;
predominant injury producing factors which (c)  By becoming a near-flung missile
may be revealed through the crash-injury (Example: Your seat and safety belt remain
study of a i rcraf t  accidents. Such investiga- intact but your head , upper torso , a r ms and
lions and analyses clearly indicate thatforce , legs are allowed to flail forward or to thein itself , has not been the outstanding cause side , striking adjacent structure);of injury or death in aircraft  accidents.

In order to provide data useful  for the (d) By being struck by a missile (Ex-
development of crash safety engineering ample: Fire or oxygen bottle , another occu-
specifications, requirements, and design , pant , loose equipment stored in the area ,
a number of “tools ” are necessary as well which may fly forward to strike occupants .
as “know-how.” These involve the develop- (e) By magnification of the crash force
ment of methodology, experience , and the itself (Example: Bottoming against a rigid ,
ability to define the type of information non-y ielding piece of structure).
needed , to obtain and classify the information After isolating any one ox’ more of these
in an orderly and usefu l manner , and to ana- basic injury-causing factors - in any given
lyze it and reduce it to usable data. Then accident - it becomes apparent that the
the data must be analyzed and interpreted; “fix” , or corrective modification, for any of
the interpretation, in turn , must be reduced these conditions is largely a matter of engi-
to u sable and practical data for the engineer. neering desi gn.

Some aircraft accidents are classified as First of all , let us consider the s t ruc ture
“extreme” due to complete disintegration of which , under force application, allows itself
s t ructure, extreme impact forces , or post- to be crushed in against an occupant . The
crash fire. Occupants involved in these ac- logical fix in this case is to provide a struc-
cidents usually sustain fatal injuries,  Acci- ture which is more “crashworthy,” Once
dents such as low speed ground-loops or we have provided an environment or con-
nose-overs, which are merely “incidents ,” tam er which , under reasonable app lication
on the other hand , involve little or no cx- of force , will not crush inward , we ha ve the
posure to injury, basic structure needed to correct the other

At this stage of the game , and for some four injury-producing conditions.
time to come , it appears , it will not be The fix required to prevent an a i rc raf t
practical to do more than think about ways occupant from becoming a far-f lung missile
to design for survival in the case where an involves an adequate “tie -down chain .” The
aircraft  flies straight into the side of a occupant must be securely restrained in his
mountain at 400 miles an hour. And since seat , the seat must be adequately tied down
the injury factor in “incidents” is insignifi - to its track, the track must be securely
cant , the accidents occurring between these fastened to the floor , the floor must be Se-
two extremes are those which provide valu - curely attached to basic structure, etc. Dc-
able data on crash- in jury  problems , sign strength requirements indicated along

Usefu l crash survival data , therefore , is these lines may well be in the order of SO
produced through the study of accidents in to 60 G in order to be fully effective in some
which the conditions are classified as “mod- survivable crashes.
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The f ix  r e qu i red  to cor rec t  the condition at a speed of 35 miles per hour with the
known as “becoming a near-flung missile ” helicopter suspended some 50 feet in the air .
involves either (a) adequate protection for  When the des i red  condi t ions  are  reached ,
the body areas which may str ike sur rounding the 1-1-25 will be elect r ica l l y released f rom
st r u c t u r e  ( this  may be accomp lished t h r o ug h its hook by means of a control  located in a
the use of a c rash  helmet  and/ o r  shoulder  full y i n s t rumen ted  TC shop van. At the t ime
ha r n e s s )  and (b) “dele thal iza t ion ” of the en-  of re lease  all i n s t r umen t s  and cameras  wil l
vironment within striking range of the body begin operation to record data through the
(this may be accomplished by padding with crash  sequence.  A full  scale prac t ice  drop,
high energy absorbing material , recess ing  ut i l iz ing telephone poles a r r anged  in a con-
ins t ruments  and knobs , providing breakway f igurat ion simulat ing,  as nea rl y as possible ,
features  in ins t rument  panels , control sticks , the exact shape and weig ht of the H - 2 5 , was
etc .) . conducted in Septembe r and the resu l t s  were
Of course , there should be no excuse what- perfect. So, the procedure appears sound

soever for ever being s t ruck  by a miss i l e  an d we contemplate no diff icul t ies  dur ing  the
during a crash  impact. Fire bottles , oxygen actual test .
bott les , galley equi pment , tool boxes , bat- We recognize , of cour se , th at such in-ipro-
te r ies , radio gear and the like should all be vised tes t  faci l i t ies  lend themselves  to un-
securely attached in such a manner that they foreseen problem areas.  What is really
will  st ay in place , even under  hig h impact needed is a dynamic tes t ing fac i l i ty which
loading, will allow for the dyna mi c tes t ing of seats ,

Finally, the fix involved to prevent  injury floor s t ruc tu re , equi pment installations , por-
through transmission or magnification of lions of aircraft structure , etc., in or der to
force may be simply stated in three words, determine their behavior in survivable- type
“provide energy absorption .” As an exam- conditions . Investigation indicates that there
plc , this might include utilization of seat is no exist ing facility which will meet these
s t r uc tur e which y ields and deforms progres-  requi rements . Thought is being given to
sivel y under crash loads - absorbing energy.  conducting a study to determine the f eas i -

All of these various facets provide some bility of const ruct ing such a facil i ty f rom the
insi ght as to what the c rash- in jury  inves t i -  stand point of engineer ing problems and costs .
gator should look for during his inves t iga- The work conducted to date in the field of
tion. His prime concern is to f ind specific aviation c rash  in jury  research  has been very
injury - - or death -- producing factors. It rewarding.  As a resul t  of investigation of
must be noted here  that it is of equal im- army a i rc ra f t  accidents by AVCIR , seve ra l
portance to determine and report on any desi gn deficiencies have been noted and are
eviden ce of “planned” or ‘‘inadvertent” being corrected . I feel  sure that the recom-
design f e a t u res  which contributed to survival  mendations contained in the report  of this
and the modification or prevention of injury.  H - Z l  accident relative to seat structl ’re and

Anothe equally important phase of avia- t ie-down-chain deficiencies will be  acted - -

tion crash  injury research involves obtaining upon in fu ture specifications.
precise  crash loa4~ data from experimental This sequence of slides depicts an H U - l A
crashes.  Such j ata, when integrated with accident and s t ructural  inadequacies are
informat ion from analysis  of actual acci- obvious . I am happy to state that as a result
dents , wi l l provide precise engineering data of our crash injury research p r o g r am H U -l B
for use in develop ing design specification, a i r c ra f t  will have many improvements. For
This phase of research involves ac tualcrash  example , the door posts weakness will be
testing of surplus or phased-out  (and perhaps corrected by addition of a roll-over struc-
prototype) aircraft  of typical design . This lure to the pilot and copilot seats. Thi s will
test ing ut i l izes  relatively low-cost t rack- provide a s t ructure capable of withstanding
type test facilities on which air vehicles a vert ical  load of 3500 pounds per seat , an
(full y instrumented with anthropomorphic increase of 100 percent , for the infinitesimal
dummies) can be crashed at the velocities weight increase of 3.5 pounds. Other im-
and impact ang les typical of their  low speed proved fea tures  such as anchoring seat belts
operating range. Data derived from tests of 1nd shoulder harnesses  to the floor s t ruc ture
this nature will permit  precise engineer ing will be incorporated.
design for crash-safety  without the weight I believe it has been conclusively proven
penalties which result f rom static , rather that c rash- in jury  investigation, analysis , and
than dynamic , testing.  The f i rst  such test reporting are a necessary - and permanent -
sponsored by the army will actually take part of aviation safety;  likewise, the develop-
place within the next few days , somewhere ment of crash safety design requirements
around the 17th , at the Aviation Crash Injury through the channels of mili tary specifica-
Research  Division of the Flight Safety Foun- tions , model specifications , and design hand-
dation In Phoenix , Arizona . books are a continuing necessity.  Evaluation

This test involves the use of a truck of mock-ups and of current  types of a i rcraf t
mounted crane to which will be attached an with subsequent analyses and reports, also
H- 2S helicopter. The truck will drive along will aid in pointi ig out crash safety design
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1deficiencies existing in cur ren t  a i rcraf t  and such vehicles should be on a long-range basis
cur ren t  design thinking, jus t  as accident invest igat ion and the tes t ing

Since air vehicle design is constantly of components for the prevention of accidents
changing as new performance requirements is on a continuing basis. This means that
are developed , the investigation and analysis  air safety must involve continuing attention
of accidents  from a crash- in jury  point of in two areas ( 1) accident prevention , and
view and the laboratory (dynamic)  test ing of (2) injury prevention,
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A. SOME RELATIONS BETWEEN TRAINING RESEARCH AND HUMAN ENGINEERIN G IN
THE DESIGN OF WEAPO N SYSTEMS by Dr . Theodore R , Va liance , t he George Washing- -:

ton Un iversity Hum an Resources Research Office

This is the first occasion of a HumRRO flow of authority and responsibility. Most of
inside presentation before the Annual Human HumRRO’s business at DA level is conducted
Factors Engineering Conference. I say “in- with or through the Human Factors Research
side presentation” because our previous Division .
pa r t ic i pat ion has been as an interested ob- The relationship with CONARC must look
se rve r  and guest. Now we are told that odd to those in te res ted  i n  organiza t ional
there  is a good likelihood that we can look theory.  CONARC , being r esponsible for
forward  to closer t ies betwee.i HumRRO and training the Army in the Uni ted  States , is
the Army’s community of human factors en- the major consumer of HumRRO research.
gineers . The nature of these ties remains  It is also the support of H u m RR O  research ,
to be clarified by experience and demands. CONARC support comes by way of making

It is my privilege to make a start toward needed troops and material available for
developing the function and position of Hum . training experiments , and by way of provid- - -
RRO in the Army’s HFE community by ad- ing guidance for and direct participation in
dressing the conference today. In so doing the research  throug h the Human Resea r ch
I should like to do two things.  ~~~~~~~ I should Units which are located variously around
like to give a short or ien ta t ion  talk about CONUS. The odd looking fea ture  is the
HumRRO , its or ganization , deploy ment , and existence of two lines of authori ty  to the five
method of operation. I hope that these re- field laboratories , the Human Research
marks will not be too redundant within th is  U n i t s - - o n e  line f rom the Director  of Hum-
audience , thoug h if they are , I shall be happy RRO to the Unit ’s D i r e c t o r  of R esea r ch , and
that so many alread y know so much about one f rom CG, CARC , t o the U nit ’s Mi l i ta ry
Hu mR R O . The second thin g I should like to Chief. Both bosses of the Un its have the
do is to d iscuss  some re la t ionsh i ps be tween  same mission but get the i r  o rders  (and effi-
those activities called training research  and cienc y repor ts)  f rom different  headquar ters .
those called human factors engi~~~~ Jn. In Of necess i ty  then , there is a great  deal of
the course  of this I shall mention a few of t ra f f ic  over the coordination line between
our  ac t iv i t ies  that have souse logical or , as HumRR O and CONARC . Considering this
is occasionall y the case , accidental , rela-  obviou s violation of accepted orgari iz~itiona 1
tionship to activities commonly associated structure , together with the complexities of
with  the te r m “hu man f a c t o r s  engineer ing.” develo ping an annual Work  Program , it is
Out of t hese two set s of ideas , plus those apparent  that HumRRO is a wondrousl y corn-
coming f r om the Pe r sonnel R esearc h Bra n ch plex organization . It is a t r ibute to the good
for The Adjutant General’s Office with its wil l , patience , and devotion to the A r m y  on
ne w and closer  t ies with the Al-IFEC, we the part  of all who are entwined in this sys-
hope that  ove r the next few years  a more tem that it works as well as it does - -and  we
in te gr ate d and eve n more effective total think it works pretty well.
huma n factors  r e sea rch  and deve lopment  To complete the organizational s tory ,  I
program for the A r m y  may grow , must say something about the Training Meth-

Now for the review of H u mRR O .  The ods Divis ion , which is located in our main
Human Resources  R e s e a r c h  Office is the building on the GW campu s. TMD does not
A rmy ’s vehicle  for  conduct ing  “ su ch ~tud ie s have a mil i tary  contingent (except for occa-
an d r e sea rch  ~n the f ie lds  of t r a in ing ,  mot i -  sional specialists on extended temporary
vation , leadership,  and man-weapons sys tem duty),  and is not as responsible to CONARC
analysis  as are mutually agreed by the De- as are the HRU’ s . TMD’ s program of re-
partrnent of the Army and HumRRO ,” accord- search typically grows out of t ra in ing  prob-
ing to AR 70-8. We are in our tenth y ear of lerns expr essed ( or con c u r r e d  in ) not only
operation. HumR RO has several existences , by CONARC , but by a number  of othe r Army
It is a’, office of The George Washington agencies or commands- -mos t  prominent l y
Un i v e r s i t y  whose name appears on our salary the Technical Seryices , such as the O rdna n ce ,
checks and purchase orders .  It is a creature Signal , T ransportation , and Chemical Corps ,
of the Of f i ce  of the Chief of R & D , as m di-  So much for organizational matters.  I-’,~~
cated in the AR ‘ust cited. HumRRO is also , for a short review of the research program.
in part at least , a branch of Headquarters , You will not be surprised when I say that
Continental  A r m y  Command (CONAR C) .  content of the R&D in the HRU’ s is notice-
The organization chart in Figure 1 por-  ably inf luenced by the mil i tary activitie s that

t rays these exis ten ces . The l ine  from the predominate at the five posts where  the
Department of the Army to The George HRU ’ s are located . At the Armor  HRU , t ies
Washington University shows the contractual with the Armor Board , the Armor School ,
relationship and fiscal life li’,e of H u m R R O . and the USA Training Center  (Armor) ,  are
The line between the Director ’s Office and close . The HRU gets much logistical sup-
the Office of the Chief of R & D  portrays the port for its en t i r e  program in re turn , one
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might say, for development projects related to accommodate them).  It is difficult to say
to current  or imminently impending prob- “no ” to requests  for consultative se rv ices --
lein s in Armored f i repower , vehicle rnainte- particularly when the Director of Resea rch
nance , and unit t ra in ing ,  as well as for souse knows that next week he might ask the Board
longer range research  in command and con- for $5 ,000 worth of ammunit ion, or to use
trol and night combat . Parallel statements two tanks for several  days. And besides ,
can be made about the other three HRU ’ s it ’s usually fun. Rig ht now the Aviation H RU
(Infantry, Air Defense , and Aviation) that are is running, with the Aviation Board , a feasi-
located at the major centers .  bility test of a manned , low fl y ing, high speed

Our Infantry HRU has among its projects a i rcraf t  for use in battlefield surveil lance.
a stud y of junior officer leadership, one of We hope the name for this project remains
infantry combat skills unde r low illumination inappropriate: it is called Project SMASH .
levels , a development effort  on practically Living and working closely with the
the ent i re  job of the lig ht weapons in fan t ry-  schools and boards have necessari ly cau sed
man, and an -‘effort to apply techniques of us to see more clearly some of the relation-
automated teaching to basic combat training, ships between our pr imary mission of t rain-

At Fort Bliss , the Air Defense HRU is ing research and other peoples ’ missions in
stud ying skills of supervision and manage- the human engineering field . So let me now
ment for Nike battery officers , programmed move to my second topic in this , suggested
self-teaching methods for electronic repair in the title: relationshi ps between training
job s , Nike f i re  control operator skills , and R&D and human engineering in system design.
developing a method for  expeditiously getting Time does not allow a thorou gh explora-
all kinds of t raining-relevant information tion of this topic , nor a proper treatment of
f rom various stages of weapon system de- the important relationships which selection
velopment into the hands of training agen- and classification research has with both
cies. Also , a new method of electronic training research and human engineering.
trouble shooting at the system level is now As an opening thou ght I must state the
under test , platitude that whatever any of us human

HumRP.O effor ts  in the Aviation field are factors researchers is doing has , eithe r by
concerned with developing and testing an design or sheer accident , some bearing on
improved method of simultaneously teaching maximizing the efficiency of some system.
instrument  and ground-contact orientation As an article of faith we in applied research
skills to - fixed wing pilots. An extensive accept the notion that the more extensively
study of aerial  observer duties and t ra ining we can specif y the s tructure and function of
procedures is nearing a close, and a me- relevant systems, and the more clearly we
search program on training helicopter pilots can perceive the bearing of our applied re-
is well off the ground. search on those systems, the more likely we

At Fort Ord , where lives our Leadership are to produce some means of design ing a
HRU , we are at work on some problems of man-equipment system that will achieve the
Army-wide interest , NCO training, career desired ends with acceptable costs. This
motivation, performance under s t ress , ar t ic le  of faith pertains much more closely

From what I have said you can infer that to development than to applied research, and
the scientists at the HRU ’ s have a rather not at all to basic research. 1 state the
active relationship with the various Army platitude in order to provide a f ramework
agencies at their  posts . This relationship within which to seek some relationships
consti tutes a source of research and devel- among the several research activities in
opment problems and ideas , and is a good which all of us are engaged.
vehicle for getting research results put to I propose to develop the following points
work. It also results  in our units  being for your consideration. First , the distinc-
called upon for advice and services which tion of training research f rom human eng i-
aren ’t str ict ly a part of HurnRRO ’ s official neering is fundamentally a matter  of degree
mission. For example, we have advised on and emphasis .
grading and scaling procedures at the Armor Second, the distinction within the Army
School , assisted the Aviation Board in de- between human engineering and training re-
signing a human engineering appraisal of the search is in good part administrative and
H-37 helicopter , produced a short self - grows out of the organization of the Army.
taught course in rnethematics for the Air Third, the process of weapon system engi-
Defense School , aided the Infantry Board in neer ing should consider the Cost of the
evaluating some new rifle sights , assisted training subsystem along with other costs ,
the Armor Board in its evaluation of the as well as give attention to the prope r link-
T-95 tank prototype, and have run a short age of man and machine.
course on how to evaluate tact ical  concepts Fou r,~~~ last , and most obviou s, improved
in a two-divis ion maneuver.  These extra- coordination in planning and conducting human
cur r i cu la r  activities are informally squeezed factors research and development, both with-
into the cracks of the regular WorkProgram in the human factors  family and with the
(and sometimes the cracks are widened a bit developers of Army hardware , will go a long
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way toward developing better  system design led to the decision that training research
models and eventually better systems. was not warranted. Question had a r i s en

Now regarding the f i r s t  point- -the d i f fer -  about the accuracy with which tank gunners
ence of degree and emphasis between human could lay the cross hairs of the sig ht on a
engineering and training research.  Let me target  and of the possibility of increasing
develop this through a series of examples. hit p sobability through better t raining in this

The HumRRO unit at Fort Knox was asked part of the lay-f i re  cycle . Our Fort Kn ox
by CONARC to do something toward improv- Unit succeeded in instrumenting a tank and
ing training for tank combat at night , espe - a f i r ing range such tha t it was possible to
cially when searchlights could be used. We measure within a small fract ion of a mu the
early learned that next to nothing was known true point of aim at the time of t r iggering.
about the effects of various kinds of search-  The researcher  also measured the deviation,
li ghts on ta rget detection and identification, from that point of aim , of rounds actually
or about the difficulties of vision that could fired. The purpose , of course , was to sep-
be imposed on (or by) the enemy through arate the human and the machine components
various uses of lig hts. In other words , no of f i re  dispersion so that we could know how
one seemed to know what the training prob- much system gain could be expected from
lem reall y was. Our f irst  efforts , then , were improved performance by the gunner. To
to try to define the problem through some our surprise we found that the gunner part
psychophysical field studies that would tell of the dispersion was only a relatively small
us something of detection and recognition fraction of the hardware part; and moreover ,
thr esholds , expressed in terms of distance this held true for relatively inexperienced
from target , that would hold for various gunners as well as for the old hands. Appar-
deployments of lights and target vehicles. ently the human engineering of this system
We have learneci some fairly basic things was so well done that learning as accurate
about detection and recognition thresholds , a performance as the hardware allowed was
and these have been wri t ten into the appro- made extremely easy. This is as good a
priate training circular . We are now in a demonstration as I kn ’ w of the truth of
pretty good position to see if we can ’t devise Frank Taylor ’s assertion that if equipment
training methods to change the thresholds or is perfectly human engineered, the training
reduce the time required for recognition and problem is zero. Naturally, we turned our
detection. Thu s, a system engineering gunnery training research efforts in other
study - -in the form of analysis rather than directions and our findings over to the Ord-
design- -preceded training research.  nance Corps .

We have anothe r example at Fort Knox in The common element among the examples
which a human enginee ring-like study is I have given is that a system analysis effort
paving the way for some relatively pure preceded experimentation on improved learn-
training research. We call this Task SPAN- ing conditions . I cannot support a claim that
OCON because it deals with span of control, these analyses were exhaustive; but they
The problem is related to efficient use of rendered much more explicit the role of
officer manpower and the Task seeks even- human performance in these man-machine
tually to devise ways of training officers to systems.
control a maximum number of subordinate What , then , are the features relating human
elements without too great a risk of bad factors engineering research to training
decisions or personal breakdown. Again , research?  The best simple portrayal I can
our efforts have been directed toward clan - find looks about like Figure 2.
fying the training research problem , and we It appears to me that human engineering,
have been running a series of simulation as most commonly practiced , tends more
tests in which we have varied systematically than training research to be concerned with
the number of tanks in a platoon and required linkages of man and equipment , to be more
variously experienced off icers  to command analytical and variance oriented , and to work
these platoons in offensive and defensive in systems whose components are fairly
tactics. Throu gh these exercises we have explicit and relatively stable (i .e., contain
learned much about the details of small unit much har dware) . Studies of conditions af-
command activities that have not been pre- - fecting sensory discrimination, information
viously quantified, and have identified sonic analysis , direct feedback processes , re-
which appear to be trainable , and some which sponse accuracy and constancy--most of them
are not . We f ind our selves only now ready dealing with close connections of machine
to undertake training research directly-- i .e., with man--abound in the human engineering
to examine the conditions of practice which literature. Human engineering parameter
are associated with variations in abiLity to finding studies , such as those of Hicks and
receive , interpret , evaluate , and act upon Cohen which we heard reported in the last
combat-relevant information, two day s , are important works fundamental

You will be interested , I believe , in one to try ing to improve total performance, once
more example of a system study preparatory the sources of variance are identified. In
to training research- -this time one which many instances training research may be an
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Avenue to improved human output. The Hence the concentration of human eng in e e r -
studies reported by Captain Hawke s are es- ing in the Technical Services.
pecially interesting in this connection--if The use rs  of weapons have most of the
discrimination via tactile modality can be training responsibilities, and so far  only a
made fine enough to pass a useful  range of modest impact on the configuration of the
information, then some training research hardware in a weapon system. Therefore ,
can be directed toward discovering ways of CONARC and the Office of the Deputy Chief
maximizing the discrimination, establishing of Staff for Operations are mainly interested
sets to filter out irrelevant information, and In research which will show them how most
setting up efficient practice schedules, efficiently to tie the weapon and the soldier

Training research, on the other hand , together in an effective instrument for wag-
appears to be more concerned with what ing war.
appear , in relation to man-machine systems. M y third point concerns what may be more
to be intervening variables-- the knowledges , of a fanciful hope than a real program at
sets , attitudes , perceptual skills--that are this time: the p r o c e s s  of weapon system
necessary to support under varying condi- analysis and eng ineering should cofisider
tions the linkages of man with equipment and the cost of training subsystems along with
of man with man. Also, the systems in other costs , as well as give attention to the
which training research findings are used , prope r linkage of man and machines .
and on whose personnel structure training While this point may appear somewhatresearch has its impact , are often rather platitudinous as a general statement, It ispoorl y specified--e.g., situations calling for not traditionally given serious consideration,leadership, administrative skill , tactical de- although a major exception appears in thecision making. work of the Training Panel set up toconsider

In actual practice both kinds of research training problems in the ZEUS anti-missile-
necessaril y go on in both kinds of labora- missile system, The decisions involved in
tories. Both are clearly recognized special- complete system design require much more
ties. Fundamentally, both rely on a good knowledge than we now have about the costs
analysis , empirical or simulated, of the of developing human performance to speci-
system, whether it exists in fact or in con- fied levels of skill . System design requires ,
cept , for guide line s to effective applied of course , the aUocation of functions to man
research and development. I am sure that or machine , and what function gets allocated
this applies as well to the guidance of re- to what performer depends in part on the
search in selection, classification, and as- estimates of the costs of producing the func-

~~ signment methods. tion. For example , in designing a field mess
One upshot of this discussion is that there the quartermaster has evidently concluded

is no really clean c ’nceptual distinction that that it is cheaper to obtain , train, and sup-
I can see between hu~nan factors engineering port a soldier to cook food than to design,
research and training research.  Both are buy, and maintain a mechanical chef , The
pursued by psychologists interested in dis- choice is less clear in other fields. Is it
covering conditions which determine human cheape r , other things being equal , to obtain,
performance. The human engineers being train , and support a soldier to aim a heli-
more intimately concerned with direct man- copterborne weapon or to design, buy, and
machine linkages , work on the probably car — maintain an automatic device to do this?
rect assumption that features of design that The cost of operating the training subsystem
make for a maximum final level of perform- clearly should be one of the considerations
ance also make it possible to reach that in the allocation of this aiming function.
level efficiently. The training researcher In this context , then , it is apparent that
looks for practice schedules and other con- training research- -research on the condi-
ditions of stimulation, motivation, response, tions and costs of producing system compo-
and re inforcement  most conducive to eff i -  nents whose physical properties consist of
cient change in behavior , and , in addition , human tissues--should have much to offe r
deals more often with complex processes system desi gners. I say, “should have much
and interpersonal relationships, to offe r ,” instead of “does have much to

My second point grows out of the f irst  and offer ,” as a reflection on our current  state
is briefly made: apart from the difârence of knowledge on how to estimate costs of
in emphasis , I believe that the major dis - setting up and operating a skill factory.
tinction between human engineering and Here , indeed , is an area of great , if not
training research in the Army Is acirninis- overwhelming challenge.
trati ve , and appropriatel y so. The Technical My fourth , last , and most obvious point
Services must design equipment to s’tpport can be briefly made: We are much in need
the combat arms; it is helpful if the use of of improved methods of system analysis- -
the equipment can be tau ght readily, 1-ut for forecasting the human factors requirements
the details of operator training the Technical of weapon systems in order to optimize
Services have relatively little responsibility, around desired system outputs w ith minimum
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costs in training,  hardware  design , and man- well the quali tat ive manpower r equi rements
power costs to other sys t ems  for  which the and what the t r a in ing  programs should look
same management (namel y the A r m y)  is like , for  the r e s e a r c h  and development on
responsible. selection and t ra in ing could have been well

I shall use one final example.  You wil l  ni gh comp leted before final production and
recall my account of the span of control issue of hardware .  As things now stand ,
study. You can see that this  little stud y is much of t r a in ing  R&D consists  in re t rof i t t ing
related to--and in some ways i nc ludes - - the  the t r a i n i n g  support  of a weapon sys tem .
decision making process , par t i cu la r ly w ith And li ke all ret r of its , t ra in ing  retrofi ts  are
re fe rence  to the amount and c lasses  of in-  use fu l  and necessary,  but costly and awk-
formation that can be eff ic ient ly  handled by ward to introduce into the system. Obviousl y
the small unit commander.  There is another we are in need of more advanced guidance
variation on this problem not fa r  in the for our t ra ining R&D so that the design of
Army’s fu ture .  The Automatic Data Process - t r a in ing  systems can be made more timely.
ing Systems may well upset a numbe r of bet ter  suited to weapon system needs , and
standard practices of command and staff less demanding of retrof i t t ing.  Close ties
and will surely pose some toug h problems. among the various parts of the Army ’s human
The advances in solid state physics  augur  factors  R&D program will be of major value
well for the possibili ty of building computers , in guiding the research aspects of the pro-
that can handle vast amounts of information, gram so that eventually the development
so compactly that they can be hauled about work can go on in congruity with hardware
in hail ton trucks . I learned at Fort Hua- development , and retrofitting of all kinds
chuca the other week that ADPS technology can go into a decline.
may be able to make computers available at In summary ,  I am glad to have had this
battle group level not long alter 1965 . Con- opportunit y to tell you something aboutHum-
ceivably s imilar  computers could be made RRO , its mission and organization, and to
available at company level inabout tenyears.  review for you some samples of HumRRO

I believe it is safe to infer f rom past ex- research that exemp lify a basic relationship
perience with military hardware development between training research and humanfac tors
that if these computers can be made avai l -  engineering.
able , they be made available. There -  I have concluded that training research
fore , I think it is not too soon to begin and human engineering are two clearly rec-
research  that will , to some exte nt , gu ide the ognized areas of s p e c i a l i z a t i o n, that
design of computers around the capability “ systems thinking” is necessary in both but
of small unit commanders  to use information, tends to blur any fundamental conceptual
In this problem are also important implica- distinction. An important practical distinc-
tions for r e sea rch  on selection and assign- tion is administrat ive, and in the Army,
rnent for both officer and enlisted personnel, grows out of the responsibility of the Tech-
It is of little use--possibly it is even dan- nical Services for weapons development and
gerous--to  design computers and associated of CONARC for troop training in arts of
communication nets that will overwhelm the war . Training research faces a major chal-
already harassed commanding officer and lenge in the problem of how to estimate the
his staff with more information than they costs of skill components of the system.
can efficiently use. More active coordination among Army R&D

Wouldn’t it be fine , we often muse , if full agencies and improved methods of system
system studies could be completed by the analysis  may enable us to evolve a still
time weapons and equipment are issued to more effective program of Army Human
troops ? We should then know reasonably Factors Research and Development.

B. H UMAN FACTOR STUDIES IN TACT ICAL PHOTO IN TERPRET ATION by Dr. Joseph
Zeid ner , Personnel Research Branch , The Adj utant General’s Office, Department of the
Army, Washington , D. C.

1. Psychological Approaches to Image In- Existing knowledge of the basic phycho-
terpretation logical factors underl ying image interpreta -

a. Back ground tion is limited. In order to determine the
What contribution can the measurement human factors requirements in image sys-

psychologist make to image systems re- tems , the Personnel Research Branch of the —

search?  The f i rs t  part of this paper de- Department of the Army conducted an cx-
scribes the kinds of problems in image sys- tensive exploratory study to define image
tems which are appropriate to the techniques interpretation problems. These problems
and skills of the measurement psychologist. were to focus clearly on the Army’s needs ,
The second part of this pape r presents find- and at the same time be subject to research
ings of cur ren t  pilot studies , which illustrate attack. The formulation of PRB’s research
the applicability of psychological measure - program in this area was a direct outgrowth
ment techniques to imagery problems . of this analysts .
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The m i l i tary  requirement  is for t imely, and capabil i t ies of each type of sensor . 1-I c
relevant , complete and accurate intelligence is therefore  likel y to have a s t rong inuluenc .-
information that can be der ived  f rom images in de te rmin ing  what  kinds of sensors and
and communicated to action peop le. The what kinds of platforms wil l  be employed.
psychological requirement  is an outgrowth The Personnel  Research  Branch is at p reb en t
of the rap idly advancing technolog ical capac- directing its e f for t s  to problems within the
ity of the mil i tary to procure imagery. This image in te rpre te r  subsys tem.  At a later
increased capacity has inevitably increased date research  may deal di rect ly with  the
the range of image quality, .iome of which is othe r subs y ste m s within the overall
quite poor. Until recent ly the photo inter- survei l lance- in te l l igence  sys tem.
preter  was confronted only with the problem c. Subtasks in Current  and Project Re-
of interpret ing large scale , hig h quality, search Program
conventional black-and-white photographs. The ini t ia l  PRB study br oached t wo
Today, and increasingly in the f u t u r e , he is problem area.  The ques t ion  f r aming  the
required to interpret  radar , infrared, fleet-  f i r s t  areas is: What techni qu es and what -Jing, TV , sma ll scale , and degraded images. corresponding skills and abi l i t ies  are nec-
The services  have not onl y increased t r e -  e s sa ry  for the extraction of information
mendously their capacity to process conven- from image system products ? The second
tional imagery at a very rapid rate , bu t also question foc u ses on the psychological factors
their capacity to take aerial photographs in P1 performance in the special context of
from a variety of platforms, such as drones, Army operations. Given an everincreasing
balloons , and satellites. Technolog ical in- variety of types of images, what quality of
novation often diminishes the importance of personnel is able to meet the Army ’s stand-
human functioning. In the case of image ards for speed, accuracy, and completeness
systems, technology has increased the im- of information? Other approaches have con-
portance of human functioning. The core of centrated on determining how the quality of
image interpretat ion is the human doing the the photograph can be improved . The PRB
interpreting.  With the advent of new imagery approach assumes the fact of poor quality
collection techniques , requiring rapid and imagery, and aims for better and more Intel-
accurate interpretation by fallible human ligence information by means of: (1 )  se lect-
beings , obtainin g knowledge about the psy- ing potentially better photoiriterpreters and
chological factors  underly ing image inter- (2 ) rationalizing their  use of equi pment;
pretation has become an urgent  requirement.  (3) improving the procedures and techniques 

- 

-

b. Image Interpretation as a Part of the they employ; and finally (4) the synergizing
Aerial Surveillance Intelligence System of group members  interact ions for improved

The relationship between PRB image image system funct ioning.
interpretation research, which is largely As a result of its exploratory stud y into
concerned with the image in terpre ter  sub- the psychological factors imp l icated in image
system, and the ent i re  aerial surveillance systems , PRB formulated a research pro-
intelligence system is shown in Figure 1. gram which was divided into five nuclear
The system cycle starts with the projection subtasks.
of the military requirements by the corn- 1. Identification of Basic Factors in
manding officer and continues with the plan- Image Interpretation
ning of the flight , the type of coverage 2 . Development of Selection Tech-
specific to the commander’s requirements ;  niques for Image Interpreter  Personnel
decisions as to the type of platforms and 3. Utilization Measures under Condi-
sensor to be employed; processing of the tioris of Emergency Demands
images into hard copy ; storage , retrieval 4 . Identification of Basic Factors in
and annotation problems within the adminis-  “Real  Time ” Interpretation
trative phase; the image interpretation; the 5. Effective Group Pat terns for the
assimilation of information by the G2 Air Accomplishment of Major Image Interpreter
Officers; and ends with the revised intelli- - Missions
gence est imates.  “Real time” refers  to d. Identification of Basic Factors in Image
instant image television t ransmission, a Interpretation
comparatively recent development in intelli- The cur ren t  effort  at the Personnel
gence gathering. Research Branch is largely devoted to the

Each of the other subsystems affects  the f i r s t  subtask: Identification of Basic Factors
performance of the image interpreter . For in Image Interpretation. This subtasks is
his part , the image interpreter is indirectly divided into five projects. The f i rs t  project
involved in planning and decision-making in is identif ying the significant variables in the
each of the othe r subsystems. For examp le , job of image interpretation as they relate to

I - in determining the need for air reconnais- individual differences. What is the nature
sal-ice to answer a military requ irement, the of interpreter skills ? Is it uni-dimensional
image in terpre ter  is in the best position to or factor ially complex? Does the individual
know the existence of a “holiday” or gap in who does well in directed search do as well
coverage because he knows the limitations in free search?

1:1’)
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The objective of the second project is the to ascertain what speed imperative s can be
improving of image in terpre ta t ion techni ques. imposed on the phot o in te rpre te r  without de-
What does the proficient  pho to- in te rpre te r  terior ation of product. Another project  will
do tha t the unski l led photo- interprete r does invest igate  the e f f ec t s  of long un in te r rup ted
not do? At present , very little is known work effor t .  A thi rd  project  is concerned
about maximum payoff prof ic iency behav io r s,  with  d i scover ing  what  product changes will
The second project will involve analyzing resul t  with changes in the set or work atti-
skilled ve r sus  unski l led P1 behaviors ,  tude of the photo in terpre ter . The photo-

The third project  is concerned with de- interpreter is t ra ined to be extremely cau-
termining wha t it is a man needs to know t ioue about the in format ion  he provides.
about a target  as compared to what he needs Because of this psychological set he may be
to see within  a given photograph . What are reluctant to make ident i f ica t ions  when given
the minimum components and what is the degraded images to in terpre t . This study
residual pat tern of components that make will probe the l imits  of interpreter  accuracy
for proper identification? This  project is under conditions of specia l demand and
particularly important for improving in te r -  image degradation .
pretation of degraded images . g. Identification of Basic Factors in ‘Real

The fourth project involves the codifica- Time ’ Interpretat ion
tion and standardization of information cx- “Real  time ” interpreta tion r e f e r s  to
traction procedures , particularly those used interpretat ion of te levis ion  screen images
for  flash or immediate reporting.  Much t ransmi t ted  by a i r c ra f t , ei ther manned or
interpretat ion time can be saved if a stand- drone.  All the problems of hard copy image
ardized procedure can be developed to meet in te rpre ta t ion  are  also pertinent to ‘‘ real
mili tary requirements  and objec t ives , time” interpretat ion.  But many new prob-

The 1~~Ji. 
project will exp lore the in ter -  lems requir ing inves t iga t ion  have sprung up

relationships of speed , accu racy,  and infor-  f rom the development  of this new recon-
mation completeness.  Fo r example , what naissance medium . The essential  inqui ry
effect does emphasis on speed of output have is: What are the psychological limits within
on volume and accuracy of the product?  which  maximum ut i l i za t ion  can be made of
This stud y should provide formulations of th is  ‘‘instant” in te l l igence-gather ing  equip-
workload parameteri i  which can be used for ment ?
subsys tem model development. h . Effect ive  Group Pa t te rns  for the Ac-

e. Development of Selection Techn iques complishment of Major Image In te rp re t e r
for Image Interpre ter  Personnel Missions

Our second subtask . “ Development of The f if th research  subtask , “E f f ect ive
Selection Techniques for Image Interpreter  Grou p Patterns for the Accomplishment of
Personnel,” has its objective the ident i f ica-  Major In terpre ter  Mission ,” focuses on the
tion of ef f ic ient  photoiriterpreter personnel photo interpretation group. The f i r s t  project
before training and assignment.  (This  kind will study typical war t ime  photo in te rpre te r
of study is , of course , the traditional work missions and will develop standards of effec-
of the measurement ps ycholog ist . A point tive accomplishment .  The second pr oject
to be emphasized , howeve r , is that the skills will at tempt to find new improved p rocedures
involved in such a s tudy can be ve ry  usefu l  for mission accomplish ment. These st u dies
in other aspects of imagery research . )  An will provide information on optimum size of
experimental battery of tests is now being unit and on the skill levels required for mis-
cGnstructed . The batte ry includes aptitude sion accomp lishmen t . The res u lt should be
tests , tests of interest  and motivation, and a Standing Opera t ing  Pr ocedures manual  for
personality tests. The best of these pre- mission accomplishment , procedures  which
dictors , selected by tryouts in the P1 school are compatible with psychological knowledge
and on the job , will be made operational . It of group functioning.
is obvious that a more efficient selection
technique should result in intelligence in- 2 . Findings of Research  in Progress
formation of superior quality, a. Direction of Cur ren t  Effor t

f . Util ization Measures under Conditions To answer  the key research  questions
of Emergency Demands just described , a cri t ically necessary  f i r s t

“Uti l izat ion Measures under Condi- e f for t  was the development and t ryout  of a
tions of Emergency Demands ,” our third series of performance measures , typ ical of
subtask , preuigures the stress and strain of real-life situations which confront the photo-
the combat situation. What type and amount interpreter . The performance measures ,
of s t ress  produces critical deterioration of once develope d , would se rve as the c r i t e r i a
information? How can the effects  of s t ress  or indexe s of interpreter system’s output
and fatigue be most effectively counteracted , for all of our r e sea rch  effor ts . A gr eat deal
thus enabling the photointerpreter to continue of developmental work  went into the con-
producing usefu l informat ion? Projects struction of these measures , in t e rms  of
designed to answer these questions have been selecting appropriate content or photo target
established. The objective of one project is materials , obtaining adequate photo quality
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ranges , interpreting thousands of photos , reconnaissance systems , a substantial po r_
developing both the keys and the concepts tion of overall cost related directly to the
underly ing the scoring rationale , posing problem of obtaining stereo photographs over
questions and tasks for examinees , andwr i t -  and above simple coverage . If it could
ing realist ic scenarios for the measures , clearly be demonstrated that stereo viewing
Onl y by using photographs from actual tac- contributes significantly to photointerpreter
tical and strategic air reconnaissance mis- performance , then the expense for the de-
sions could we most efficiently uncover the veloprnent and use of the stereo capability
relevant psychological dimensions of Army is of course justified. In addition , the re-
photo interpr etation. As in the operational quirernent for stereo viewing in the design
situation, the performance situation includes specifications for radar and inf rared  sensors
the use of maps , sortie plot overlays , stand- is an important ongoing problem that needs
ard references or photo keys , and general  to be resolved .
and specific information about the location Findings of a previous pilot study seemed
and disposition of f r iendly and enemy forces. to put in question the value of stereo viewing
Psycho1ogi~ al measurement principles are in the interpretation of small scale strategic
built into these performance situations , and photographs, These findings provided the
their significant character is t ic  as a meas- impetus for fu r ther  research to assess  the
urement  device is that they simulate the value of stereo viewing within different in-
operational situation as exactly as possible. telligence environments. While many types

Onc e having developed the prototype per-  of s tereo  studies have been conducted , none
fo rmance  measures , we were in a position provided findings that could be generalized
to move ahead in our research  in two di f fer-  to real life Army photointerpreter systems.
ent ways:  f i r s t ly, we were  read y to tryout The pr imary objective of the present ~tud y
these measures  as a means of checking their  is to determine whether  or not stereo view-
psychometric propert ies , and making im- ing hel ps in the identification of mi l i ta r i ly
provement s  in them; secondl y, and more s ign i f ican t  tact ical  and strategic objects that
important ly, we could initiate a number of appear in photographs available in the oper-
pilot studies to ass i s t  in refining the studies ational setting. No attempt was made in
and also in determining the f u r t h e r  research this study to vary systematical ly such im-
value of some of our hypotheses. Since these portant s tereo interactions as scale , resolu-
pilot studies relate to key points in the image tion , and content. The present stud y was
in terpretat ion process , resul ts  of these planned primarily to determine the need and
studies  may have immediate app lication in direct ion for  more refined research in this
the mi l i t a ry  setting. Among the pilot studies area .
now being conducted are inves t i gations into In Jul y and August  1960 , data we re col-
the stereoscopic vs. non-stereoscopic view- lected on 59 individuals , 2 1 off icers  and 38 —

ing of photographs; the reliability of photo enlisted men , about to graduate f rom the
in terpre ta t ion  reports; the composition of P1 Photo In t e rp re t e r  course  at the Army Intel-
teams , the work procedures of tact ical  P1 li gence Center . Two matched groups were
units ;  and the in f luence  of informational  Set established on the basis  of ap t i tude  tect s  and
on pho to in t e rp re t e r  performance.  f inal  course grades.  Three  sets of t ac t i ca l

Three of these studies will be pr ese n ted photographs obtained dur ing the Korean War ,
in two papers in today ’s session to provide and one set of s t ra tegic  photographs , we r e
you wi th  a notion of the scope and d ivers i ty presented to all in t e rp re te r s  under  simulated
of the c u r r e n t  research  investigations.  My operational  condi t ions .  For each set of
talk covers  two studies:  ( I )  the value of photographs , ste reo pa r s were  provided  to
stereoscopic viewing to photointerpreter  per-  one of the two matched groups , and non-
f o r man c - , and (2) the impact of informational  s tereo photographs to the other . Both groups
set on performance.  In one study, the prob- of in te rpre te rs  served as either the experi-
1cm relates to the use of a piece of equip- mental or control group f o r two se ts  of
ment; in the other , to the problem of psy- photographs . The t ime l imi t s  for the differ-
chological set.  Mr . Sadacc a , who follows ent measures  were considered reasonable
me immedia te ly, will report on team corn- in view of the nature of the photographs an d
position and work procedures. the targets the P1’s were asked to locate and

b. Stereoscopic v s. Non-Stereoscopic identif y.
Viewing In addit ion to photograp hs , maps , ove r lays ,

In the support of advanced reconnais -  and standard re fe rences , the i n t e rp re t e r s
sance systems, a large number  of develop- were provided with a si tuat ion sheet  which
ment and cost problems are incurred to was read alou d to them before they began
secure stereo photographs. These problems to look at the photographs. The i n t e rp re t e r s
are concerned with the de te rmina t ion  of were asked to detect and identif y object s of
ef fec tive  and economical means of obtaining, mi l i t a ry  s igni f icance .  The objects  of con-
processing,  annotating,  pr int ing and stor- cern wer,’ l is ted on a s i tuat ion sheet to in-
ing stereo photographs in data process- sure  s tandard scoreable responses to a
ing systems. Even within conventional  photo desired level of de t a i l .  The objects were

III 
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similar to the target  types they would be method or the other . Stereo responses  were
req u i r ed  to identif y in a real  combat se t t ing .  ‘ ‘bet te r ” four  t imes ;  non-s te reo , three  ti mes ,
T hey included such targets  as tanks , a r t i l l e r y,  and there  was one t ie .  Actu a ll y the mean
posi t ion s , fo r t i f i ca t ions , and weapons. ri ghts sco res for  the two methods wer e  ve ry

In taking the tests , the photointerpreters close to one another - t h e  l a rg e st  d i f f e r e n c e

annotated by number directl y on the photo- bein g .8 for tactical measure 3 in f avo r  of
grap hs the t a r gets  they had located , and then no n-s t e reo .
reco rded t h e i r  i den t i f i ca t ions  of the t a r g r t s
on special a n s w e r  .heets u s ing  onl y th t-  TABLE I
desc r iptive te rminology al lowed . The y also
recorded on t h e i r  a n s w e r  sheets  the confi-  COMPARISON OF MEAN STEREO AND
dence t h e y  fel t  in t h e i r  i d e n t i f i c a t i o n  for  N O N - S T E R E O  RESPONSES
each t a r get , u s i n g  a t h r e e - p o i n t  scale (posi-  (Group A , N = 29; Group B, N 30)
t i v e , probable , and poss ib le) .  In addi t ion ,
at the end of every 5-minute period the Measures Method Rig ht Wroflg
examinees  marked  thei r a n s w e r  sheets  to
ind ica t e  which responses they had made Ste r eo 2 .3 15 . b
dur ing  the 5 -minu te  period. T - l  Non-S te reo  2 .3 16. 7

The keys of ‘‘ground t r u t h ”  used in scor-
ing the exerc ises  we re provided by highly Stereo 4.0 9.5
exper ie nced i n t e r p r e t e r s  who availed them-  T-2  Non-S te reo  4.8 8. 7
sel ves of g r ound s u r v e y  info rmat ion , his-
torical records , photointerpretation keys , St e reo  5.6 14.0
and in some cases , l a r g e r  scale photograp hs T- 3 Non-Ste reo  5 .4 15 .7
than were  used in the exercises. The sub-
jects ’ Right scores consisted of the  numbe r Stereo 5.4 2 .9
of keyed objects correctly located and iden- S-i Non-Stereo 5.8 4.0
ti tied. Their Wrong scores  cons is ted  of the
nu mber  of objects m i s i d e n t i f i e d .  Most of • All mean differences not significant
the s-~bjects ’ w rong sco res  did not r e s u l t  -

- . - - • N o c o n s i s t e n t  pa t t e rn :f r om  m i s i d e n t i f y i n g  the objects  in the key , s te reo  b c tt ~- r - 4 t i m e sbut rather resulted f r o m  the sub j e c t s  iden -  -
- n o n -st , -r e o  b e t t e r  - 3 t imestif y i n g  as valid t a r g e t s , ob j e c t s  which  rea l l y

had no m i l i t a r y  s ign i f i cance .
T A B L E  I p r e s e n t s  the mean = t e reo and This  same anal y s i s  was a lso run fo r an

non-stereo responses for all individua ls for  i n i t i a l  t ime  period s i m u l a t i n g  f lash  or im-
each of the fou r  m e a s u re s  fo r the to ta l  t ime media te  type r e p o r t i n g .  About  1/ 3 of the
period al lowed ,  to ta l  t ime allowed for  each measure  was

N e it h e r the  mean d i f f e r e n c e s  fo r  r i g ht or a l lowed b r  t h i s  type  of r e p o r t i n g .  The
wrong  sco res  w e r e  si g n i f i c a n t l y d i f f e r en i  at r e s u l t s  fo r  t h i s  analy s i s  did show a c o n s i s t -
the . 05 l e v e l . F u r t h e r m o r e , t h e r e  was no ent t r e n d  in f a v o r  of n o n - s t e r e o  v i e w i n g  f o r
C o f l s i s t r n t  p a t t e r n  or t r e n d  f a v o r i n g  one the r i 1~~~ responses , an d a cons i s t en t  ~~end

T A B L E  II

COMPARISON OF STEREO AND N O N - S T E R E O  RESPONSES
BY TARGET TYPE -

FOR RI GHT AND W R O N G  RESPONSES FOR
INITIAL AND TOTAL TIME PERIODS

• 1 38 COMPARISONS WERE MADE BETWEEN STEREO AND NON-
S T E R E O  RIGH T AND W R O N G  RESPONSES BY I N D I V I D U A L  TAR-
GET TYPES .

• 14 OF THE 138 MEDIA N D I F F E R E N C E S  W E R E  SIGNIFICANT.

• NO D I S C E RN I B L E  ADVAN TAGE OF E I T H E R  S T E R E O  OR NON-
STEREO FOR ANY TARGET TYPE.

• OF A L L  THE TARGET TYPES I D E N T I F I E D  IN THE PHOTOS ,
NONE DEFIED IDENTIFICATION WITHOU T STEREO .

I 12
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in f a v o r  of s te reo  viewing fo r the wrori~ ciency of inexper ienced in te rp re te r s  working
responses . However , only one of the e ight  on tac t ica l  photographs . However , we ob-
comparisoim were  s ta t i s t ica l l y signf ican t  at ta m ed a similar  kind of resul t  when we
the .05 level . Thus there  is an indication examined the per formance  of highl y experi-
that  i n f o r m a t i o n  of the t ype r equ ired in this e nced s t ra te g ic photointe rp re t e r s . It appears
study perhaps can be more rapidl y extra cted that a major research ef fort is needed to
with i n r e l a t ive l y short time periods without determine means of improving per formance
the use of a ste r eosco pe , and with no d is -  of i n t e r p r e t e r s  u s ing  conventional images
cernible loss of overall accuracy of inter-  as well as for de te rmin ing  the means of
p re ta t ion .  interpret ing new sensors current ly being

An addit ional  analys i s  was run by individ-  developed .
ual t a rge t  type wi th in  each photographic set . c. The Influence of Informational Set onThis anal ys i s  was made to determine if -

- - Image In te rpre ta t ions t e r eo  non - s t e r eo  d i f f e rences  mig ht ha ve
been obscured by aver ag ing all responses I will now briefly report  on the second
together . Te sts of si gnif icance betw een study. The desi gn of the sensitization ex- - 

-

ste reo and non - s t e r eo  median d i f ferences  pe r iment , which explores the influence of
f or each ta rget type w ithin each photo Set informational  set , is sim ila r to the s t ereo
we re made , both for the in itial and to tal study ju st pr esented. Howeve r , diffe r ent
time periods , and fur both right an d wrong pe r fo r manc e meas ur es we r e used on the
responses .  TABLE II shows the results  same sample employed in the earlie r s tud y.
obtained f rom these compar isons .  In the operational mili tary setting, the

It was found that  for the 138 comparisons in t e rp re t e r  is usual l y asked to provide in- 
- -made , only 14 were si gnificant at the .0 5 fo rma tion s pecific to a par ticular tactical

level . Howeve r , no disce rnible advantage problem. Before he begins the search of the
could be de tec t ed  for  ei the r of the two rneth -  imagery ,  he is f re quentl y g iven  whatever
ods for  any t a rge t  type.  It was f u r t h e r  de- information is available concerning the tar-
te rmined that of all the t a rge t  types identified gets to be located and identified. The types
in the photos , no ne def ied iden t i f ica t ion  wi th-  and sources  of information available to the
out s tereo,  inte rpre te r  may vary considerably in re lia-

All of the f i n d i n g s  p resen ted  concerning bility. The informat ion may come from
the val ue of s te reo  v iewing  mus t  be evaluated fr iendl y re conna issance pa tr ols , intelli gence
in the li g ht of the study se t t ing .  The r e ar e agents , aerial obse rve r s , defectors , or pr is  -
many fac to r s  tha t might  tend to l imit the oriers of war . T he reliability of the sou r ce
gene ra l i zab i l i t y  of the f indings  including the may dif ferent ia l ly aff ec t res pon ses of the
specif ic i t y of photo-cont ent , s cale , and reso-  i n t e rp re t e r . Fur the rmore , the sugges t ib i l i ty
Iu t ion  and the nat u re  of the ques t ions  posed of the in terpreter  is like ly to increase as
to the i n t e r p r e t e r . Neve r the l e s s , i t is con- the quality of the photograp h - - i t s  reso lu t ion
cluded on the bas i s  of these  unusual  f i nd ings  and scale -- decreases.  Sugges t ib i l i ty  is
that the contribution of stereo be studied probably a composite function of information
in te ns ive l y in a new s e r i e s  of expe r imen t s , s ource , information content , and the qual i ty
In these  new s tud ies , photo qual i ty and con- of the photograph - - and, of cou r se , it should
ten t  va r i ab le s  sho uld be s y s t e m a t i c a l l y con- be added -- of the individual photointerpreter
t ro l led .  Throu g h such s t u d i e s , it may be hi mself . The problem of sugges t ib i l i ty  may
possible to de termine  the spec i f i c  kinds of become very  severe  when the photo grap hic
i nt ’ - rp r e t t - r p rob l ems  and pho to qual i t ies  for mater ia ls  are poor and the reliability of the
w h i c h  st ereo v i ewing  could be prof i tabl y accompanying informat ion  is also poor. For
emp loyed . U such se lec ted  app lication of exa mp le , a photoi n te rp re te r  is aske d to de-
s tereo could be made , t h i s  would res u l t  in tern -iine the presence  or absence of an enemy
an enormous saving of t ime , ef f ort , and tank bat talion within a g iven geo g raphi c loca-
money in all aspects of p r o c u r i n g ,  p rocess-  tion . He is also in fo rmed  at the same t ime
ing, and interpreting aerial photographs. that ground reconnaissance patrols have

I would like for  a few moments  to d i rec t  spotted enemy tank e lements . Such informa-
your attention to a most impor tan t  f i n d i n g  t ion  given to the i n t e r p r e t e r  may lead him to
w hich we der ived  from the s t e r eo  stu dy see tanks where there are no tanks.  He
r e l a t i n g  to accuracy  of in te rpre ta t ion .  Ac-  may respond on the basis of doubtfu l cues ,
cura cy  was found to be low -- around twenty _ cues that are on the threshold of resolut ion .
f ive  percent  wi th in  this  study excluding con- Suppose that the information provided him
side ra t i o n of omit ted responses .  When one is in e r ro r , what is the effect  of such m i s —
considers  th i s  level of accuracy  for conven- in format ion?  U n d e r  such conditions would
t iona l  image ry,  the problem of i m p r o v i n g  it be better  to withhold the suggestive infor-
p roficiency becomes even more c r i t i c a l  for inat ion f rom the in te rp re te r , perhaps to have
degraded qualities typical of radar and in- the intelligence of f icer  himself integrate
f r ared photos. the information provided independentl y by the

In consider ing th i s  level of accuracy,  it P1 with informat ion obtained f rom other
is important to note that this is the prof i -  sources?
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The sen si t izat ion st u dy is a f i r s t  attempt and apparently in the process of being cam-
at examining analy t i ca l ly some of the van - ouflaged with what l i t t le vege ta t ion  exists
abtes that  enter into the influence of sugges-  and by what appeared to be a t tempts  at re -
tive information on performance . Thoug h moval of t r a c k  ac t iv i ty .
there are many variables that may have a Note that the addit ional information direct l y
bearing on the suggestion process , the p res-  su ggests  the presence of vehicles.
ent effor t  was limited to inves t iga t ion  of a For this talk , we have selec t ed the r e su l t s
comparat ively small number  of variables which  best exemp lif y the total f indings.  Onl y
pertaining to suggestion. The pr imary  ob- two sets of comparisons , one from a tactical
j ec t ive  was to de te rmine  whether  or not set of photogr aphs , the other f rom a s t r a t eg ic
additional intelligence information had an one , will be discussed at this t ime.
effect  on the in te rpre ta t ion  of photographs. In the tac t i ca l exer cise , the exper imenta l

Three  pe r fo rmance  measures  were used, group was told that a friendly patrol had
Photographs of enemy positions during the seen vehicles being d ispersed and camou-
Korean W a r  were used for the tactical situ- flaged in the area covered by the phot o-
ation s , and photographs of an urban area in graphs. Ac tually there  were  no vehicles at
Japan for the s t ra tegic  si tuation,  all in the photographs . TABLE III p re sent s

As in the s tereo  stud y alread y desc r ibed , these resul ts .  The cell entr ies  in the table
each of t he two matched gr ou ps se r ved as r epresent the number of indi v iduals in the
ei ther  an exper imental  or control group fo r specified g rou p : ex pe r imental or control ,
a given set of photographs.  In addition to for a g iven “ W r on gs” score . W rongs re-
photog raphs , maps and overlays , the int e r -  flect e r r o r s  of invention . The separation
pre ters  were provided with a situation sheet of individuals into low and hig h s core r s was
which was read aloud to them before they made on the basis of median scores .
began their task.  mi te addi tional intell igence As may be seen f rom TABLE III , after 10
information was erted in these situation minutes  of examining the photography, a
sheets for the experimental groups.  The significantly greater  proportion of the photo-
control groups were not given the sensitizing interpreters in the experimental group had
information. A typ ical inser t  that was read reported seeing more than one vehicle . The
exclusively to the exper imen ta l  group is proportional difference was less at the end
presented:  of the exerc i se  and was not quite si gnificant.
A night reconnaissance patrol which pen- - Per haps the v e r y  f act that P1’s we re aske d

trated into the area of photos 101 and lOZ to locate the targets acts after awhile to
at 0400 , 3 May 1950 , repor ted si ghting an suggest  the ta rge ts ’  presence to the control
ar mored reconnaissance  uni t  cons is t ing  of group . Buç t a n f  rate, the added informa-
tanks , 2 1/2- ton  t rucks , and 1 /4- ton  trucks . tion seems to be inf luencing the experin ~ j .~~
The vehicles were  being widely dis pe r sed tal group’s initial p i’formance also.

TABLE III

COMPARISONS OF VEHICLES WRONG SCORES

After 5 Mitts, Af te r  10 Mins. Af te r  15 M in s .

Group 0 1-5  0- 1 2 -23 0- 1 2-2 8 Total

Experimental 20 10 13 17 10 20 30

Control 23 6 23 6 16 13 29

Total 43 16 36 23 26 33 59

X2 1. 19 )(2 8,02 X2 
= 2.85

P < .01

TABLE - IV shows the resul ts  for  Wrong t ions between the experimental and control
responses to hospitals. There the subjects groups is grea ter  at the end of the exercisehad been sensit ized to hospitals.  Here the than it was hal f -way throug h the exe r c i s e.si gnificance of the di f ference in the propor- Actually, the t ime li mit f or this pe r fo r man ce
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T A B L E  IV

COMPARISONS OF HOSPITAL W R O N G  SCORES

Af te r  10 Mins.  A ft e r  20 Mins.

Group 0- 1 2-9 0-2 3- 13  Total

Exper imenta l  14 16 9 21 30

Control 22 7 22 7 29

Total 36 23 31 28 59

X 1 5.28 X
2 

= 12.44

P < .05 P < .00 1

measure was not considered adequate for  The positive results of this pilot s tud y
caref ul exam i nati on of the  11 pho t og raphs indicate , we believe , that this is art area in
used in the measure . It is possible that with which  much f ru i t f u l  r e sea rch  of immediate
added ti me the pa t t e rn  or r e su l t s  would be and pract ical  value can be conducted.  Sys-
s imi la r  t o those obtained for the tact ical  set tematic  examinat ion of the effects  of such
of photogr aphs . Of cou r se , the resul ts  may var iables  as informat ion source , c redibili ty,
be due to d i f f e rences  in photographic co ntent ,  photo quali t y, tar get type , time r equ i r e -

To summar ize the r e s u l t s  fo r all photo- ments , a nd the exper ience of the phot o in-
graphs , si gni f icant  d i f f e r ences  were found for t e rp re t e r s  should be made . The resul ts
3 of the 4 targets between the performance of such studies will be useful to intelli gence
of interpreters who had been given additional officers in determining what information
information and interpreters who did not should be made available or withheld from
have the information . No significant differ- photo interpreters to help maximize the
ences were  found for t a rge t s  which had been accuracy  and c o m p l e t e n e s s  of thei r
presented without  additional information, ide nt i f ica t io n s .

C. THE ACCURACY AND COMPLETENESS OF INDIVIDUAL AND TEAM PHOTO INFORMA-
TIO N EXTRACTION by Dr. Robert Sadacca , Personnel Research Branch , The Ad jutant
Gene ral ’s Office , Washi ngton , D. C.

In the studies just reported by Dr . Zeidrier , number of pilot studies indicate that the
findings were provided on problems relating performance of the individual photo inter-
to the p resen ta t ion  of stimulus material  to preter  in terms of accuracy  and comp lete-
photo i n t e rp r e t e r s .  In this study the focus ness of informat ion ext rac t ion  is far from
is on the problem of the utilization of photo perfect .  The question a r i ses , can the intel-
i n t e rp re t e r s . Mo~ - specifically, this paper ligence product  of photo in te rpre ters  be
de scr ibes  an initial inves t iga t ion  into the improved by having more than one in t e r -
ef fec ts  of varying the number  and compo si-  preter  examine the imagery and , if so , what
t ion of i n t e r p r e t e r s  in P1 teams and the is the best method for  going about combin-
work methods the teams emp loy. ing the e f for t s  of a number of i n t e r p r e t e r s ?

In the opera t ional  tact ical  se t t ing ,  in te r -  For examp le , should t he i n t e r p r e t e r s  work
pre te r s  f u n c t i o n  in un i t s  which are  generally comple tely inde pen den t ly and have the i r  re-
headed by an o f f i c e r , who himself  is a photo sponses pooled by the a i r  intelli gence officer ,
i n t e r p r e t e r . W o r k  assi gnments are made on or should they cooperat ivel y examine the
the basis of suc h factors  as the number  of imagery d iscuss ing the i r  in terpreta t ions  as
av ailable personnel and the importance and they go along, or is some combination of
u rgency  of the desired i n t e rp re ta t ions  and independent  and cooperative effort the opti-
thus may vary f rom situation to s i tuat ion.  mal procedure ?
In some cases individuals are ass i gned to The possibility of util izing in te rpre te r s
work independen t l y on sepa rat e sets of pho- in teams to obtain in format ion  is one that
tograp h y. In othe r cases teams may be perhaps comes to mind as a mat te r  of
formed to joint l y exa mi ne ima ge ry for cri t i -  course . However , there  is a fundam ental
cal t a rge t s .  P re l imina ry  findings f rom a basis  for looking at this problem that holds
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T A B L E  I

PATTER N OF RESPONSES FOR iWO INTERPRLT ER S:

W O R K i N G  i N D E P E N D E N T L Y
( N i t - t h o ds I and II )

I N I E R P R E T E R J T O T A L S C O R E S

RIGHTS OMITS W R ON G S  R - :- H . + H - R . .  (Method 1)
-~~ ________________ _______ - 

-1 1 j  i •~

-~~ R R . .  H O . R W  IL W W W - W (Method  I)T i j  ij

0 O . R 0. O W . 0. R = H ..  ( Method II )
i j  ij  i j  i T ij

~ W W E . W O  W . - W W = W . .  ( Method I I )
1 T ij

R . 0 . W
.1 3

out the promise of real i m p r o v e m e n t  in two i n t e r p r e t e r s  agreed comp letely to be gin
pe r f o r mance and , at the same time , may with , there  would be little point in combin ing
hel p determine how this pooled informat ion their  responses  because  wc would s t i l l  have
is best  obtained . This relates to the con- the same number  of Ri ghts , W r o n g s , and
cept of the corre la t ion  of pe r formance  be- Omits as we had for them separate l y.
t \v een  individ uals.  Now , the re are two fundamental purposes

Let us consider this concept of the corre- inv.~ ved in combining the efforts of iridivid-
lation of photo i n t e rp r e t e r per formance  in uals .  One is to maximize the number of
so me detail .  TABLE I shows the p e r f o r m -  co r r ec t  target  ident i f ica t ions , that is , to
ance of photo inte rpre te r s  i and j broken increase R at the expense of 0. T he sec ond
down in to three  ca t egor i e s :  t h e i r  Right purpose is to minimize the number  of wrong
inter~ite tat ions , t he i r  Wron g in terpre ta t ions  ident i f icat ions , that is , red u ce the number
and the ta rge ts  on the imagery  which they wrong,  W , to zero , ii possible. These two
fa i l ed  to r eport , t ha t  is , the i r Omits . Now purp oses can un f o r t u n a t e ly wo rk at c ross
let us assume these two photo inter pre ters  purposes .  For , as you shall see , the  method

a worked comp letely independen t ly. Then the of combining the efforts  of indiv iduals  which
t numbe r of t a r gets  whi ch the y both got ri ght we believe maximizes the numbe r of r ig ht

can be re presen ted  by R 13, in the upper  di-  identifications also unfor tunate ly t ends  to
agonal cell . Similarly, those ta rgets which maximize the number of wrong idt - n t i l ~ca-
the y both misidentif ied can be represented t ions. Similarly, the method which we be-
by ~~~ and the ta rge ts  which they both lieve will  minimize  the n u m b e r  of wron g
omitted by 0i3, Now the ta rge ts  which responses may also tend to minimize the
int e r p r e t e r i got rig ht but in te r p r e te r  j nu mber of ri ght res ponses .
om it ted  can be r epr ese nted by Ri Oj in this  It mig ht be thou g ht that  the way out of this
cell and R t WJ represents  the ta rgets  which dilemma is to set the fundamental  purpose
in t e rp re ter i got ri ght but which  inter preter  of combining individuals ’ e f fo r t s  as th at of

misidentif ied , for example , sup pose he maximizing the rat io  of r ights  to total  num-
ca lled a tank a bunker . T he other correla-  ben of responses , which  is the s t anda rd  wa~~

tion ele ments in this little m a t r i x  a re  s imi- of measur ing  accuracy.  But would this  corn-
la r ly de f ined . p letely solve the p roblem? Can we say , fo r

Now , if there  were pe r fec t  agreement  be-  example , that  a me thod w hi ch y ie lds 4 ri g ht
tweet-i the responses of the two photo inter- - targets and 1 wrong target  for an a c c u r a cy
pr e t e r s  ever y Ri ght res ponse made by in- of 80% is be t te r  in all c i r cums tances  than  a
terpreter i would also have been made by method which yields 30 ri ght targets and 20
in te rp re t e r j and the sam e would hold t r u e w ron g t a rp e t s for  an accu r acy of onl y 60~o.
for Wrong responses. Ano the r  way of put t in g Much obvi usly de pends upon the intel1igen~e
this is that when the correlation between the requirements  of the mil i tary si tuat ion , as to
per formance  of i and j is pe r fec t  or equal to whether  the commander  can tolerate more
one , all the o f f -d i agona l  cells d isappear . m is iden t i f i cat ions in an ef for t to get the
P e r f e c t  ag reemen t , howeve r , is obviousl y maximum number  of ta rgets  cor rec t ly iden-
not what we are  looking for when we wish t i f ied , o r whe the r  he mus t  be ver y su re of
to pool independent responses. For if the his targets at the expense of missing some.
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So as the various methods of utilizing PI’~ level sli ghtly lower than that of individual
used in t h i s  s t u d y ar e  d i s c u s s e d  on t h e o r e t i -  P1’s.
ca l  g rounds  and when data  are p resen ted  Method II also u t i l i z e s  teams compri sed
which  su pport  t h e s e  t heo re t i ca l  cons idera-  of P1’s who worke d complete ly independ-
t i ons , i t  s h o u l d  be kept in mind that  the entl y, but pools thei r responses  m a  d i f f e r e n t
op t imal  method for  u s i n g  P1’s in teams may way. In Method U , onl y ide nt i f ica t ions  w h i c h
~a r y  .vith the i r i t e l I i ~ ence requirements of the two interpreters agreed upon are con-
the  military situ ation . sidered as having been made by the tea m .

Thus the team ri ght scores are restricted to
Fou r m et) ids of c om b i n i n g  the e f f o r t s  of the ~~~ e n t r y  in this  two man case.  As Ri 3

team n-iembt i- s v.er~ ~-xp lo r ed in t h i s  stud y. cannot be l a rger  than eithe r R~ or R 3, R 13
In N t , - tho d  I , th~ PI’~ com p r i s i n g  the var ious  is a lmost  ce r t a in  to be smal le r  than RT of
tea m s v.orked completel y i n d ep en d e n t l y d u n -  Meti.od I . However , b y the same reasoning
ing the ex,-r , i s is and  had their separate re- one would also expect Wi~, the tea m ’s wron g
sponses pooled lat ~~r . Now t h e  total number  score by th i s  method , t o be mu ch less  t han
of r i ght r e s p ou s e s , 1t T’ made  b y photo i n t e r -  WT of Method I . Now whe ther  the a ccu racy
p r e t e r s  i and combined is R1 + R 3 - R 3.  of Method II will be h ighe r  than Method l’ s
(R u is s u b t ra c t e d  because  othe rwise it would accuracy  depends upon whe ther  photo in t e r -
be counted t w i c e ) ,  S i m i l a r l y ,  W T ,  t he total pre t e r s  tend to ag ree  more on the i r  r ig ht
numbe r of m i s i d e n ti f i c a t i o n s  is W 1 + W 3 - identif ications than on t h e i r  wrong  ident i f i -
W~~. The v alu e  R T obtained by Method I cations . Since it is more reasonable  to
r e p r e s e n t s  all th~ t a r g e t s  that  the two P1’s suppose that phot o inte rpr ete r s wi l l  te nd to
fou nd and thus Method I can be expected to agree more on t a rge t s  that  are actual l y
produce the maximum number  of cor rec t  p r e sen t  than they will agree on t a rge t s  which
identifications that could be obtained in a are not present, one would expect propor-
fixed t ime per iod  f rom combining the ef for t s  tionately more r ights  to su rv ive  the agree -
of pboto i n t e r prete r s , Unfor tunate ly, how- ment c r i t e r ion  than wrongs , and hen ce the
eve r , this method als o combines the wrong a c c u r a c y  of Method II should be above t N a t
ide n t i f i c a t i o n s  of the in te rp re te r s , doing of Method 1. Support ing this  reasoning a rc
nothing to sc reen  t i-tern out in any way. data f rom another  s tudy which ind ica ted  tha t
Therefore , we might also expect Method I to the more P1’s who ag reed on the pr e sence
produce the larges t  number  of wrong iden- of t a r g e t s , the hi ghe r was the p robab i l i t y
tifications , and to make for a team accuracy that they were Correct .

TABLE II

P A T T E R N  OF RESPONSES FOR TWO I N T E R P R E T E R S :

WORKING C O O P E R A T I V E L Y
(Method s Ill and IV)

I N T E R P R E T E R

RIGHTS OMITS WRONGS

ot :
ii

~~~~~~~

3 i :  
]

In Methods  III and IV instead of working lions which both m e m b e r s  of t h e  t e a m  a g r e e d
independentl y the Fl’s worked in teams while u pon in the cast- of 2-man t e a m s  and ~‘- h t ~ h
examining the imagery. Each member of a at least 2 members of the team a~ r,-ed upon
tea m was g iven  comp le te  s ets of photography in the case of 3-man teams . in h o t h  t .t e t h o d
but only I answer sheet was given to a team. 111 and IV the team m,rnbers could f r e e ly
The team members were instructed to put discuss their ident ifi~ sh u ns and c o u l d  go
ott th ei r a n s w e r  sheet  only those ide nt i f ica-  about cooperat ing in any -way t h e y  desired .

L 
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Method III differed from Method IV in presented to 30 teams comprised of officers
that in Method III the i n t e rp re t e r s  worked and en l i s t ed  men about  to graduate f rom the
comple te ly  inde pe n d e n t l y half of the t ime , Photo Inte rp rete r cou r se at the Ar m y Inte l -
and d u r i n g the othe r h a lf of the t ime , got li g ence Cen te r . Five ty pes of teams v a r y i n g
t o g e t h e r  and went  over  each othe r s’ ident i -  in s ize  and composi t ion  were  formed.  The
f i c a t i o n s . In Method IV the i n t e r p r e t e r s  f ive  types of t eams were  (a)  two o f f i ce r s ;
worked  togethe r for the ent ire  period of t ime . (b) tw o enl is ted men; (c) one o f f i ce r  and one
In both methods the team m e m b e r s  could en l i s t ed  man; (d) one off icer  and two enl is ted
f r ee ly  d i scuss  or argue about t h e i r  iden t i f i -  men; and (e )  t h r ee  en l i s t ed  men . These
catio ns. pa r t i cu l a r  types  of teams were se lec ted  for

It is to be expected that as a resu l t  of the i r  inves t iga t ion  as they are the types  most
discussions , the P 1’s will tend toward a g r e e -  likely to be found in f ie ld  FL units.
rnent on some targets that they previously In fo r min g the tea m s , care was take n to
disa greed  upon. TABLE II shows the ex- match them on the basis of the avesage
pected e f fec t  of t h i s  agreement  on the ele - apt i tude  and f ina l  course  g rades  of the i r
ments  involved in photo in te r p r e t e r  pe r -  members .  Two teams of each t ype , or 10 in
for n-mance cor re la t ion , We see a gene r al all , too k the th ree  p e r f o r m a n c e  measures
movement from the of f -d iagonal  cells  to the u nde r each of the  t h r e e bas ic  c on dit ion s: the
dia gonal cells and as indicated by the heavi-  independent , the inde pendent -coopera t ive ,
ness of the a r rows  re la t ive l y more  agree-  and the coopera t ive .  The sco res of the 10
ment on r igh t  responses  than on wrong t eams that worked under  the independent
res ponses.  Consider , f or example , ta rgets  condit io n were  obtained under  both Method I
R 103, which inter p re t e r  i saw but which ( c ombining all team members’ responses)
in t e r p r e t e r  j did riot see. When the inter-  and Method II (co mbinin g only a g red upon
pre ters  compare the i r  ident i f icat ions i n t e r -  res ponses) .  The teams were given 1 hour
pre te r  j ’s at tent ion will  be speci f ica l l y to complete each pe r fo rmance  m e a su r e .
brou ght to these  ta rgets .  Considering that Along with a comp lete set of photography,
the ta rg ets  a r e really the re  and that his  each te am member  was g iven ma ps of the
teammate  is a rgu ing  f or them , the cha nces re leva nt a reas  and sor t ie  p lot ove r lays . The
a re that these  t a rge t s  will tend to wind up t a rge t  requ i rements  and i n s t ru c t i o n s  were
in the R ij cell  r a t h e r  than being omitted , i dent ical  for  all teams with the except ion  of
We would expect  t h e r e f o r e , that  the re will those i n s t r u c t i o n s  dealin g with the team work
be cons iderab l y more a g r e e m e n t  upon ri ght method .
responses for  the coopera t ive  Methods  ~~ As can be seen it-i TA BLE Ill the total
and IV than for Method II, but owing to the number  of ta r ge ts  c o r r e c t l y loca ted  by thefac t  th at some r ig ht ide n t i f ica t ions  will not va r ious  te a ms f or all t h r e e  pe r fn r m a ncebe ag reed u pon , the total  nu mber of r ig hts  meas u re s  combined di i Iered s i g n i f i c a n t l y atf rom t h e s e  coopera t ive  methods will  be less the .01 leve l , de pending upon the w o r k m e th o dthan for  Method I , which pooled all ri ght emp loyed by the teams.  The mean r ig ht fo rr e sponses  of the team me mbers . Method I , which co mbined all the responsesT he same , in i~e ner a l , holds t rue  fo r the of i n d e p e n d e n t ly wo rking team m e m b er s  wasw rong responses , but he re one would expect 14 .4 , while for  Method II , whe re  onl y themore t ende ncy for  wro ng iden t i f i ca t ions  made a greed upon responses  v. e re  pooled , onl yby onl y one i n t e r p r e t e r  to drop out , a s the  about a thi rd  as many t a rge t s  were  c o r r e ct l yother in t e r p r e t e r  would probably be more iden t i f i ed  on the average . The pe r fo rmancesre s i s t an t  to a gree ing  to mis iden t i f i ca t ions .  in ter ms oi r ig ht ide n t i f i c a t i ons  of the  10As a matter  of fact  there  is evidence f rom teams working under  the half independen t -another  pilot stud y that i n t e r p r e t e r s  are ha lf cooper at ive method and of the 10 t eamsmore conf ident  of i d e n t i f i c a t i o n s  that are work ing under the comp le te l y cooper a t i v e
late r sco r ed r ight than they a re of their  metho d fell in between those of Method I andwron g ident i f ica t ions , so tha t there  is a good II , and we re hi g her  than the mean ri ght ofcha nce that  the i n t e r p r e t e r  making the wrong the individual P1’s w h o w ork e d  inde pendent ly ,
res ponse will not ar gue as st r on gly fo r it as The relat ive rankings of these pe r fo rmanceshe wi l l  fo r h i s  r ight res ponses.  It is to be ar e consonant  w i th  the ex pec ted  r e s ul t s
ex pected then , that the wrongs will be fewer  outl ined ea r l i e r .in nu mber than woul d be obtained by M ethod
I and that  al thou gh the ri ghts  woul d a l so be N ot ice  that  the tea m types did not di ff e r
fewe r , the ove r-all  accuracy  would be mm-  s igni f icant l y in number  of ri gh t identif ica-
proved al thoug h not a s mu ch as was the ca se tion s . One might expect  the three-man teams
for Method II , where  there is no opportunity to do better  than the two-man teams , since

- 
- f or t eam m ates to i ndu ce each othe r in to th e addi t ional man m ight fi nd some t a r ge t s

agreeing to mis ident i f ica t ions . the other two men did not find . Although f-h e
In orde r to obtai n emp i rical data relevant mean r ights  for the th ree-man teams came

to these considerat ions , two sets of tact ical  out slig htl y hig her than those of the two-man
photog ra phs obtained dur ing the Korean W a r  teams , this d i f ference  is nowhere near
an d one set of s t r a t egic photographs were s ign i f i can t .

I III
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T A B L E  III

ANALYSIS OF T E A M  RIGHT SCORES FOR ALL P E R F O R M A N CE  MEASURES

MEl  HODS

MEAN 
- 

COMBINED IND . AG R E E D  IND.  IND. -COOP . I COOP~~~~
RIGHT 14 .4  4 , 8  10 . 9 l2 . q

00 12 .2
Sou r c e  d . f .  Mean Sq. F P

EE 8. 9 Methods  3 177. 9 b . l  < . 01

T e a m s  4 19. 9 . 7  - -

OEE 12 . 4  I n t e r a c t i o n  12 10 .8 . 4 - -

E E E  10 .8  W i t h i n C e l l s  20 2 9 . 4

Mean Rig ht of Individual Interpret ers = 1 . 4

Significant d i f f e r ences  w e  r e observed , coopera t ive  teams , the presence of a th i rd
howe ver , betwee n the two and t h r e e - m a n  man to act as a rb i t e r  enabled d i f f e r e n c e s  of
tea ms in the number  of w r on ~ responses  opinion to be resolved too easil y, without
made. TABLE IV , pe rhaps  c o n t r a r y  to ex-  c r i t i c a l  eva lua t ion  of the s t imulus  mater ia l .
pectat ion s , shows that  the th ree -m~.n t eams  As an t i c ip ated , Method I p roduced by f a r
made s ign i f ican t l y more  m i s i d e n t i f i c at i o n s  the g r ea t e s t  number  of wrong responses.
tha n the two-man teams . Perhaps , in the That P1’s wo rking independent l y do not tend

T A B L E  IV

ANALYSIS OF T E A M  WRONG SCORES FOR A L L  P E R F O R M A N C E  MEASURES

M E l  HODS

I II III IV

MEAN
WRONG 115. 3 11. 1 4 1. 3 41.8

00 4 2 . 4

So u r c e  d . f . Mean Sq. F P
EE 43 .2

__________ Methods 3 19, 658.9 73 . 7  < .001
.,~ OE ~~~~~~~~ Teams 4 788 .3  3 .0 < .050

~~
‘ OEE 57 . 4  -

___________ 
In te rac ti on  12 176 ,6  .6  --

EEE 66.0 Within  Cel ls  20 266 . 7

Mean Wrong  of Individual  I n t e r p r e t e r s  = 53. 5

to agree on wrong responses , is evidenced average than the individual P1’s working by
by the mean wrong of only 11. 1 obtained for themselves on the imagery. Team members
Method II , which is about 10 times lower could evidently talk one another out of some
than that of Method I and about 4 times lower wrong responses.
than the cooperative methods , III and IV , The average accuracy levels or percent-
Also , as was ant icipated , the cooperating ages of rig ht over total responses achieved
teams made fewer  wrong responses on the by the teams working under the four methods

j4 ()
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TABLE V

ANALYSIS OF TEAM ACCURACY FOR ALL PERFORMANC E MEASURES

M Er HODS

_____________ 
I II Ill IV

MEAN COMBINED IND. AGR EED 1ND. IND. -COOP. [ COOP.

% 11 34 22 25

00 30 _________________ _________ _____________ _____________________

Source d . f. Mean Sq. F P
EE 19 — ______ _______

________ Methods 3 8 .4  3 .4  < .05

< OE 25
________ Teams 4 2 , 4  1.0 - -

- 
O EE  25  Interaction 12 1.3 .5 --

EEE 16 Within Cells 20 2. 5

Mean Accu racy  of Indiv idual  I n t e r p r e t e r s  12%

were again significantly different  and in the the highest  accuracy and the f ewes t  wrongs ,
ex pected di r ection , as shown in TABLE V . but also the fewes t  rig hts . The methods in-
M ethod I produced an average team accu- volving cooperation among team m e m b e r s
racy le vel slightl y lowe r than the ave rage produced inte r mediate levels  of ri ght , wrong,
accuracy of the individual P1’s. Method II’s and accu racy scores.  There were no si gnifi-
acc ur acy leve l was hi ghe st whereas  the cant d i f ferences  between the half- independent
ave rage a ccu r acy levels of teams working and ha l f -coopera t ive  method and the com-
under  Methods III and IV fell in between . pletely cooperative method although both
Althou gh there were  s ignif icant  d i f fe rences  cooperat ive  methods produced bette r pe r-
in the number of wrong responses between formance than P1’s working alone.
2 and 3-man teams , the average accuracy It should be emphas i zed  that  altho ug h in
levels of the five types of teams did not this stud y, teams of P1’s we re shown to do
dif f e r si gnif icant ly. There may , however , better on the whole than individual P1’s ,
be a sli ght tendency for off icer- led teams to there is still much room for  improvement
be more accurate  than teams consis t ing  only in team performance . The best pe r fo rming
of EM’ s . More data , however , are needed to team over-all , had an accuracy level of only
tes t  the s ignif icance of these d i f ferences .  57%. Much additional experimentation needs

In summa ry,  si gnif icant  d i f ferences  were to be done , va ry ing the size and composition
obtained in this pilot stu dy between d i f fe ren t  of P1 teams and the work methods they em-
methods of combining the e f for t s  of a number ploy before final solutions are obtained to
of in te rpre ters .  The four methods t r ied  the problem of combining the efforts  of a
yielded differences  in the number of targets number of photo in te rpre te rs  to improve
correct ly ide nt i f ied , the number of targets  their  intelligence product.  However , m s was
miside nt i f ied , and the accuracy levels of the pointed out ear l ier , the intell igence requi re -
tea ms using the di f ferent  work methods. As nients of the mili tary si tuation , the r elati ve
ant i c i pated , the method of pooling all team importance of identif y ing the maximum
members ’ independentl y-made responses number of targets  as against avoiding a
yielded the most correc t  identifications , but large number of misidentifications, should
also produced the most mis iden t i f ica t ions  determine which method the CO of a P1 unit
and the lowest accuracy.  The method of uses  to combine the efforts  of his team
pooli ng only agreed  upon responses yielded members .

D, U, S. ARMY PAR TICIPATION AT THE U. S. NAVAL TRAINING DEVICE CENTER by
Dr . Kenneth F. Thompson , U. S. Naval Training Device Center , Port Wa shington , Long
Isl and , N,Y.

1. Human Factors Engineering for Devel-  the U .S. Naval Training Devices Center
oprn ent  of T r a i n i n g  Devices,  represents  a very i n t e r e s t i ng  arid e f fec t ive

The A r m y  Par t ic ipat ion Group of the collaborat ion between the A r m y  and the Navy
Li . S. Army Continental  Army Command at in the use of the ski l ls  and the o rgan iza t ion  
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of the Tra in ing Device Center  and its staff  give indicat ions  of local radiological  hot
of approximately 600 people. Since 1 expect spots.
that there is a const -derable  proport ion of the Of more immediate human fac tors  in teres t ,
audience who are not acquainted wi th  the we have developed a he l icop te r  flig ht t r a i n e r
Cente r , I should ment ion  that it is located in built as part  of a feas ib i l i ty  stud y to de t e r -
Sands Point , New Y or k , on the north shore mine the problems involved in the visual
of Long Island on what was fo rmer l y the s imulat ion of the real world for the purpose
Guggenheim es ta te ,  of t r a i n i n g  helicopter p ilo t s to f ly through
The function of the Army Par t ic i pation the use of a simulator . 1 might state that the

Group and its mission are outl ined in A r m y  result s of the feasibi l i ty stud y were success-
Regulat ion 350- 15 , bu t b r iefl y the pa r t i c i pa- ful in underl ining a number  of the factors
tion group represen t s  the A r m y  in the design involved in th is  sort  of s imulat ion.  I repeat
and procurement  of t ra in ing devices for  use that the feasibility study was success fu l , but
by the A r m y .  A quick  funct iona l  summary  this par t icular  vers ion  of the t ra iner  was —

indicates  the func t ions  of the Center  to dis-  not because of the ex t remely dif f icul t  tech-
seminate information regarding training nical  problems involved in project ing not
devices  that  are  available , to design and onl y the terra in  beneath , but the ho r izon and
produce new devices as requi red , to give sky above the simulator . This f i r s t  attempt
assistance in the ut i l izat ion of these d e v i c e s , produced a rather  in te res t ing  but unfortunate
su ppor t the devices  logis t ically and , last but by-product;  namely, that there was a strong
not least , to stud y t ra ining problems for the positive correlation between helicopte r fl y-
purpose of assur ing optimum integrat ion of ing experience and the tendency to become
training de vices into the solution of t ra ining a i r s ick. Thi s latter tendency was so s t rong
problems.  As is recognized in the official that few experienced helicopter pilot s cou ld
motto of the Center , “Tools for More Ef fec-  fl y the simulator for  more than a few minutes
tive Tra in ing ” , the Center ’s ef for t s  are without becoming profoundl y nauseated. Be-
di rec ted  toward providing devices to aid in ginners  had no great  diff iculty in this regard .
the training process. W e have as yet , even As nearl y as we can determi ne , the reason
with  ou t wor k on te achin g machines , no ex- for the sickness phe n omenon cente red  a r ound
pectancy of replacing the skilled and devoted the technical inability to provide a coin-
ins t ructor .  pletely continuous t ransformat ion in the per-

While I do not intend to attempt a hard and ceived rates of rotation of the ground mass
fast definition of a t ra ini ng device , I fee l  and the air mass, with the result that there
that it is important  to note that these devices were bands on which the area just  above the
are many and varied , ranging from the ex- horizon appeared to rotate at a speed that
tremely simple to the extremely complex. was out of scale with the rotation of the land
Let me briefly review a few of the Army mass . Here we have quite literally a case
sponsored devices that are products of the where  too much knowledge was a dangerous
Center to give you some idea of their variety.  thing.
One item , for example , is a nuclear  f i re  A training aid which is probably familiar
marke r , which si mu lates a nuclear  explo- to all of you is the functional illustration used
slot-i. In comparison with the t rue  nuclear by an ins t ruc tor  to teach the functions of the
explosion , the nuclear f i r e  marker  costs 45 calibe r automatic pistol. Y ou will recall
less than $20 a shot , requires  no extensive that this conventional picture gives you a
range pr epa ration , no expensive shipment of view of the pistol in c ross-sect ion, and ,
troops to a nuclear demonstration area , sim- throug h the use of numbered arrows , the
ulates the nuclear explosion without radio- instructor is able to ru n throu gh the nomen-
logical hazard and , with its companion de- clature of the various parts  of the pistol and
vices , gives an effect ive  simulation of a show the students a view of the weapon that

F nuclear explosion , including radiological would be literally impossible for them to
monitoring of the site of the explosion . As get by looking at the phy sical pieces them-
I have just said , an important part  of the selves. You will notq, however , that it is
t ra in ing  in nuclear  explosion consists  of the only throug h a sequence of such c ross-
training of radiation monitoring teams . By section drawings and considerable abstract
the use of a low powered , low frequency visualization that it is possible for the stu-
t r ansmi t t e r  and a simulated radiation moni- dent to visual ize these parts in motion.
tor , we can broadcast a simulated radio- Compare this with the u t i l i ty  of teaching
active ground area , which will permit the the funct ioning of a pistol through an opera-
safety monitoring team to map the area for ble transparency. In the static picture quite
radiological hazards af ter  the exp losion of li tera lly nothing works without considerable
the nuclear  f i r e  marker .  The radiation imagination on the part of the trainee and a
monitor is identical to the se rv ice  monitor , good deal of hand waving on the part of the
in fact , so similar that its plastic case has instructor:  the motion and the in ter - re la t ions
to be dyed a special color to distinguish it of various parts  are ext remely diff icult  to
from the service monitor . Included in its convey. In the operable t ransparency,  we
kit are  very small t ransmit ters, which will can move the slide back and demonstra te
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that the locking lugs of the b a r r e l  are pul led l imi t  so that every  i n s t r u m e n t , every swi tch
out of their  mat ing gooves in the slide . We and every item of equipment in the cockpit
see the slide pushing the hammer  back and works exactl y as it does in the a i r c r a f t . In
we see the round being e jected.  Following fact , these t r a ine r s  are so expensive that ,
this we see the next round being positioned with the exception of the submarine simu-
by the magazine , the operation of the round lators , ve ry  few agencies have ever  had F
being chambered and finall y the locking lugs money enough to investigate their  app lica-
in the barre l  being cammed into place into t ion to more mundane vehicles such as tanks ,
the slide once more . The function of the t rucks  and automobiles , If I cast my review
sear disconnector and the gri p safety are of these r e sea rch  tools in the language of
clearly visible.  One of the oldest devices operational flig ht t r a iners , please keep in
in this field of operable t ransparencies , the mind that , outside of the cost , there is no
transparency of the 45-caliber automatic reason why these trainers should not be
pistol is one of the most popular . Approxi- equally useful  for the training of the opera-
mately 500 of them have been made for  the tors of almost any vehicle. Now while ad-
Army, Navy and Marine Corps , of which  the mitt edly Army mili tary aircraf t  are general l y
Army has received about 100 . somewhat less complex than Navy or Air

Through the past three  samples of t ra ining Force a i rcraf t , they all share the difficulty
dev ices , we have had an opportunity to see that in the desi gn of the related t rainers  no
that training devices themselves offer three  one has more than a vague notion of what the
gen era l  advant ages - economy, safety and pilot must have in terms of input information
training effectiveness since they are designed to get the opt imum amount of training f rom
to meet these specific c r i t e r i a . Now let us the operational fli ght t r a iner . These t ra iners
turri  to a subject of more in te res t  to this have been designed by engineers who , unable
audie n ce , that is the r e s e a r c h  p rogram of to get statements of parameters  f rom the - 

-

the Center . Our r e s e a r c h  programs , par -  psychologists that would permit  them to
ticularly in human factors , deal wi th  both simplif y the desi gn and construction of such
the research and development necessary for a complicated mechanism, were forced to
the implementation of t ra in ing device re- come as close to total simulation as the
quirements  and the Navy sponsored support-  state of the ar t  would permit .
ing r e s e a rch program. Figure 1 show s one of our engineers
Human factors engineering is a ra pidly seated in the cockpit of UDOFTT , (Universal

growing disci pline of con stan t ly increasing Digital Operational Flight Tra iner  Tool),
importance for the mil i tary se rv ices . I and f igure  2 shows the console for this flig ht
think we would all agree that the human fac- trainer. UDOFTT was designed specifically
tors engineer would be the f i r s t  to confess as a research tool to investigate the possi-
that the bulk of his work is done to fill the bilities of the digital operation of flight
gaps in our understanding of the elements t ra iners  rather than the analogue computa- - -

we should know about the human in both tion o~ the flig ht equations. Pr ior  toUDOFTT
training and ope rational situations. I feel  all flig ht t ra iners  were  based on electro-
that we would all agree that there  still lies mechanical analogues of the flight equations
ahead of us years  of work  before we can of the a i r c ra f t  they represent . This quite
begin to specif y the important parameters literally meant that a network of servos ,
about which we need to know in order to resis tors  and condensors , integrators , etc.,
accomplish optimally effective humanfactors  were  l i terally matched term for t e rm with
engineer ing.  Now in many of the regimes of the mathematical equations describing the
research in this area, our lack of knowledge fli ght of a part icular  aircraft , UDOFTT ,
is due to lack of available research man- using di gital computation , takes its equations
hours or lack of appropriately sensitive cx- f rom a deck of punched cards.  Reprogram-
perimental  methodologies. One other area , ming UDOFTT for any airp lane , or for a
however , has been the lack of funds or oppor- variation in flig ht equations , consists in
tunities to put together large research  tools loading the computer with another deck of
which would permit  an entry into areas of punched cards.  By contrast , the analogue
research that would allow us to manipulate computer literally had to be junked if any
environments , so that we can collect appro- major changes in the equations were to be
priate data, made.

M y final remarks  relate to a research tool Mathematical descr ip t ion  of the fl ight
F that offers t remendous potential for better charac ter i s t ics  of an a i r c r a f t  have now been

statements of required parameters in the developed to a pre t ty  fine point . Figure 3 is
design of complex t r a ine r s .  The in teres t  in a block d iagram of one portion of a set  of

• these t ra iners  originates in the simulation the flig ht equations . The box that has been
problems connected with the design of oper- circled would generate  the more refined
ationa l fli ght t r a i n e r s,  flow diagram shown in f igure  4 and the

Operat ional  f l ight  t r a ine r s , as you may be circled box of f igure  4 would generate a
awa r e , are  t r a i n e r s  that c a r ry  the simula- flow diagram of equal complexity before we
tion of an a i rc ra f t  cockpit to its present could finally program the f i r s t  box in sub

1 2
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rout ine  2 level  2. Famil ies  of equat ions a r i s e  in a v a r i e t y  of t r a i n i n g  s i t ua t ions , or
like t h i s  show qui te  d r ama t i ca l l y wh y opera -  which  may be co mmon to a class  of t r a i n e r s .
tional flig ht trainers with any degree of For example , the problem of t r a in ing  r a d a r
sophisti c ation are million-dollar dt-v~ces . and sonar operators arise S in many military
~~ ith the adven t  of UDOFTT we are now for  syst ems .  Consequen t l y, a p rogram of re-
the t~ r~,t t i i i ie  equipped w i t h  a f ac i l i t y  that search has been imp le mented  to s tud y the
would pe rn ut  u s e~ onomicall y to r e p r o g r a m  problems invo lved  and to p rov ide  recom-
a f l i ght t r a i n e r  for  the purpose  of i nves ti-  mendations for the t r a i n i n g  of t h e se
gat i ng the p a r a m e t e r s  as ~et  by the  pilot - personnel .
riot the pa rame te r s  s~~t by the eng ineer . It Other applications of supporting research
is expected that within this fiscal year a have been made in p roblems of t r a in ing  for
r e s e a r c h  pro,~r a m  wi l l  be in i t ia led  p e r m i t -  ma in ta inab i l i ty  of equi pment , for  decis ion-
ting us to test out the need for all of the making func t ions , f o r  pe r f o r mance u n de r
terms in these flight equations. For ex- st r e s s fu l  condit ions , for  team t r a i n i n g ,  for
amp le , in the equations of figures 3-4 . we tracking training, fo r t r a i n i n g  wi th  sell-
should be able to determine behavioral pa- inst ructional devices and a host of others.
r ame te rs  th rough  exper imen ta t ion  so that , At this time , I would  like to de scribe
hopeful l y ,  we  can eli minate  many of those  more fu l l y one important supporting research
t e r ms whose  f u n c t i o n s  make no d i f f e r e n c e  program and to i l l u s t r a t e  its app li ca t ion to
to the pilot. If we can reduce the numbe r of the design of training devices.
terms in these equations , we can corre- Tracking appears in a wide variety of
s~ on d in g h  reduce the cost of the flig ht mil i t ary tasks  such as fol lowing a radar
t r a ine r  which would pe rmi t  a la rge  step blip, s t ee r in g a submar ine , d r i v i n g  a tank or
fo rward  in the de s ign  of such  t r a i n e r s . We in aerial  gunnery,  and its importance inmil i -
can alter the sensitivity of the contr ols , we t a ry  operations cannot be ove r -emph asized.
ca n a l t e r  the response of the a i r c r a f t, we Consequently ,  a pr og r am of r e s e a r c h  wa s
ca n a l t e r  the response  of the i n s t rumen ta t i on  init iated to improve human mi l i ta ry  per-
of the aircralt a lmos t  at wi l l  w i t h  r e l a t ive l y for man ce th r ough d e v i s i n g t echn i qu es and
sim ple re p r o g r a m m i n g  of the computer . dev i ce s  fo r t ra in ing  s tudents  in the develop-

ment  of t r a -k ing  sk i l l s .
2 . p~~~r t i i i g  Research  P r o g r a m  of the A p r e l i m i n a r y  i n v e s t i gat ion of t r a c k i n g

U . S. Nav al T raining Device  Cen te r  t r a in ing  by Dunlap and Associa tes  re su l ted
Two i m p o r t a n t  f u n c t i o n s  of the N a i a l  in a ca tegor iza t ion of t r a c k i n g  tasks , the

T r a i n in g  Device Center  a re :  to improve the deve lopment  of a d e s c r i pti ve model  of t r a c k -
ef f e c t i v e n e s s  of the Ns ’.al , as well as Army, ing behavior designed to encompass all
training programs through the conduct of tracking tasks and the development of a
r e s e a r c h  leading to the development al train- group of hypotheses concerned with the
ing d e v i c e s ;  and to s tud y t ra in ing problems t r ans fe r  of t ra in ing  in veh icu la r  t racking
as they  may relate to t r a i n i n g  d e v i c e s .  It is tasks .
within this framework that the Human Engi- As a follow-up to this area, by applying
neer ing Depar tment  ope rates.  the p r e l i m i n a r y  f indi ngs to a r ep resen ta t ive

The Human Engineer ing  Depa r t m e n t , how- t racking task , namely, sub mar ine  depth con-
eie r , is not only concerned with the design trol , the researches found that several hy-
and layout of t ra in ing devices but is also potheses  prev ious ly fo rmulated about t r ack-
re spons ib l e  for d e t c  r m i n  i n  g t r a i n i n g  re - ing t ra in ing were  ver i f i ed , w h i l e  o thers  we re
quirements , fu nc t iona l  c h a r a c t e r i s t i c s  o fd e -  re jected . The major f indings  indicate:
vices , and in some cases , for  providing a. The most important  single factor  in
eva lua t ion  and utilization data on t ra in ing  acquiring t r a c k i n g  skill appears to be prac-
programs .  t ice .  Thu s , hig h levels of t r ack ing skill  may

T o a c c o m pl i s h  its mis~~ion , the Depar t -  be developed relat ively indepe ndently of in-
ment  engages  in two major categories of te l lec tua l  comprehens ion  of the dynamics
r e s e a r c h . One is of the specifically app lied of the t racking  sys t em.
ty pe and is or iented toward a pa r t i cu la r  b. Wide  va r ia t ions  of the system equa-
t ra ining s i tua t ion .  For examp le , r e sea rch  tions in the equipment  did not a f fec t  relat ive
has been u n d e r t a k e n  t o provide human fac tors  t racking skill to any si gnificant degree.
data (or the design of a ZEUS missile sys- That is , large changes in the t racking  task
tems t r a i n e r .  In o ther  cases , cons iderable  did not appreciabl y a f fec t  t racking pe r fo rm-
atte ntion has been given to the design of ance.
ASROC and SUBR OC t r a i n e r s  as well as These f i n d i n g s  permi t  the general izat ion
s p e c i f i c  submar ine  simu la to r s , of recom mendations to any vehicular track-

I he second type of r e s e a r c h  wi th  which ing task , including submarine depth-keeping
the  Human E n g i n e e r i n g  D e p a r t m e n t  is con- and s teer ing .  The recommendations are:
ce rned  is r e f e r r e d  to as s u p p o r t i n g  r esea rch .  ( 1)  t r a inees  should be given as much prac-
Su pport ing r e s e a r c h  is also appl ied  research t ice on a t r a in ing  dev ice  as possible in
but dote not limit itself to spet ifi ~~ training preference to lectures or c lassroom work;
s i tu a t i o ns .  It ~ i n t e r e s t ed  in problems which (2)  t r a in ing  by l e c t u r e s  is of l imited value 
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a nd should  be used  only to provide  an ade-  psychomotor  skill , r e s u l t i n g  i n b e t t e r  ape r-
quate i n s i g ht into the ove r -a l l  purpose and ation of a wide range of vehicles. It was
c h a ru ~ t e r  of the t r a c k i n g  task;  and (3) the believed that such a general tracking skill
training device does not hai e to s imu la t e  mig ht best  be developed by an i n e x p e n s i v e
the coniplete system in orde r to be effective, trainer desi gned to r e p r e s e n t  a wide range
Adequate  s i r n u l s t i o n  ‘I the system d y namics  of t r ack ing  systems , that is , a general
should be done but  p r e c i s e  s imu la t i on  of t r ack ing  t r a i n e r .
controls , displays and t a s k  e n v i r o n m e n t  is Expe r imen t s  were  conducted  to d e t e r m i n e
not nei e ss a r y .  the ex i s t ence  and na ture  of a general  t rack-

lt should be noted that , since tracking ing skill or skills. One problem studied was
p er t o r r n a n c e wa s only slig ht l y a f f ec t ed  by the a s se s smen t  of the degree  of t r a n s f e r
siz e ab le  chan ges in the s y s t e m  equat ions , f rom one simple gene ra l  p rogram of t r a c k-
s i g n i f i c a nt pos i t ive  t r a n s f e r  may occur  f r o m  ing t r a i n i n g  to t h r e e  d i f f e r e n t  spec i f i c  t r a c k -
one complex t r a c k i n g  task  to ~j t h e r s . ing sys tems.  The equipment gave p rac t i ce

At about th i s  sa me t im e , a no the r  stud y on slow and fas t  one -d imens iona l  t r a ck i n g
w a s  u n d e r t a k e n  b y the  E l e c t r i c  Boat Company s y s t e m s , for wh ich  s t a b i l i t y  was v a r i e d ,
on the e x t e n t  and ch a r . i t e r  of the siiiiul ated becoming more unstable as skill increased.
t ynaniic s necessary to d e v e l o p  sk i l led  sub-  Then the t r a i n e e s  were  tes ted on t h r e e
m a r i n e  operator  p e r f o r m a n c e .  The purpose conditions: (1) stable submarine-like con-
ut t h i s  stud y was  to com pare the e f f e c t i v e -  di t ion;  (2 )  unstable  s u b m a r i n e - l i k e  cond i t i on ;
ness of t r a in i n g  d e v i ce s  h a v i n g  var ious  ( 3 )  a i r c r a f t  condi t ion (jet  a i r c r a f t  a l t i t u d e
de grees  of s imula t ion  of an ope rational task, control sys t em with d i s t u rbance  f u n c t i o n s) .
The task se ls-ited for study was one-man These systems were simulated on an ana-
c o n t r o l  in course  .tnd d ep t h  of a hi gh-speed  logue com puter .
s u b m a r i n e . The p e r f o r man c e  of depth  The resu l t s  d e m o n s t r a t e d  that  the genera l
changing only ,  course  c h a n g i n g  onl y and t r ack ing  t r a in ing  e s t a b l i sh e d  a cons iderab le
s imu l t a neous depth and cou r se  chang ing  w e r e  amoun t  of skil l  which  was t r a n s f e r r e d  to the
measu red un der  f : i e  d i f f e r e n t  levels of t h ree  tes t  tasks , conf i rming  the h y p o t h e s i s
f ide l i t y  of s imula t ion .  One group of men that genera l  t r ack ing  t ra in ing  pro duced im-
was t r a i n e d  at eac h level  of s imulator po r t an t  i n c r e a s e s  in ski l l  in the cont ro l  of
comp lex it y . s y s t e m s  having  widel y dif fe r ent  dynamic

From th is  s t u d y ,  it  w u s  possible to d e t e r -  c h a r a c t e r i s t i c s .  These increases  in skill
mine how e f f e c t i v e  was  the t r a i n i n g  on each  a re  probabl y equal  to or be t t e r  than  tha t
of the four  s imp l i f i e d  s imu l a to r s . The r e -  which would occur wi th  specific t r a in ing  on
sul ts  showed tha t  t r a in ing  on a re la t ive l y the test  (ope ra t iona l)  sys t ems . it is sur-
i n e x p e n s i v e  and s i m p le subm arine s imula to r  mised that genera l  t r a in ing  gives an addi-
permit s  t r a i n e e s  to t r a n s f e r  e f f e c t i v e l y to tional profit , in that a skill developed th rough
a much more complex and expensive simu- general training has a ve r y broad base , and
lat o r . There  were  no s t a t i s t i c a l l y s igni f i -  mig ht in the lo ng run pr ove more valu a ble
cant d i f f e r e n c e s  b e t w e e n  the groups t ra ined to , say , a pilot who will fl y many va r ie t i e s
on variou s d e g r e e s  of s imulat ion . However , of ai r c r a f t  in his l i fe t ime  than would any
the re was a genera l  t r end  for  p ro f i c i ency  to speci f ic  t racking skill , no mat ter  how hig hl y
be g r ea t e r  for  the groups trained on the developed it might be. F

more comp lex s imula tors .  Evidence  confirms that vehicular  t r a in ing
For training device design , this study has very wide transfer value. Whethe r this

provides valuable information on the degree is truly due to a cluster of human abilities
to w h i c h  an opera t iona l  s i t ua t ion  can be that could be called a genera l i zed  t r a c k i n -~
s imula ted  for e f f ec t ive  t r a i n i n g  to occur,  abil i ty r equ i res  further validation. However ,
Such in fo rma t ion  is pa r t i cu l a r l y vital  where  if further work does val idate  this h yp o t h e s i s ,
cost is a l i m i t i n g  fac tor . The data suggest  it would permit the development of tracking
that while t r a i n i n g  e f f e c t i v e n e s s  inc reases  t r a i n e r s  of a more universa l  nature  wi th
wit h i n c r e a s i n g  cost , it does so in propor-  consequent wide utility in ieaching funda-
t ionally smaller amounts. Thus , a few dol- mental t racking skills. Conversely, the ex-
la rs added to the cost of simple s imula tors  pensive development of specific t rack ing
tend to increase training effectiveness to a t ra iners  could be reduced.
much grea te r extent  than the same amount  Under contract , the Center is presentl y
added to the cost of a more complex and developing a prototype version of a General-
ex p e n s i v e  s imula tor .  ized Tr acking T rainer . Plans are being

We the n began to s u s p e c t  tha t  t r ack ing  for mula ted  to conduct validation studies to
skill is not really specific to particular determine how well training can be trans .-
systems , but includes both general and spe- ferred from the trainer to per fo rmance  in
c i f ic  components .  Increases  in skill  with operational s i tuat ions . For this purpose ,
t ra in ing  appear to depend not onl y on master -  s tudies  will be conducted on submarine div .-
in i ~ a gi ven veh icle , wi th  its pa r t i cu l a r  in-  ing per formance  at the Submarine School
dicators , controls , and dynamic chracter- in New London as well as on fixed wing air-
i st i c s , but also on the growth of a general  craft  at Ft . Rucker , Alabama .
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We have seen the evolution of a support- r es e a r c h  p r o g r a m  f s  f u l f i l l e d , namely:
ing r e sea rch  project  which has resul ted  in to improve h u m a n  mil i tary  pe r fo rmance
the development  of a t r a i n i n g  device .  How- that is requi red  by c u r r e n t  operat ional  situ-
e v e r , all r e s e a r c h  pr oje c ts do not have ations by incres sing the effectiveness of
th is  ide al resu l t  of immediate imp lementa- training devices and techni ques . The ob-
tion i n the form of h a r d w a r e . Ma ny oth e r s  jec t ives , of cou rse , can onl y be r ij e t  to the
supp ly gu ide l ines  or p r inc ip les f or the de- extent  to which  the r e sea rch  f ind ings  are
sign and utilization of training devices . In incorporated into the design of training
eithe r case, the objective of the supporting devices. 
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A LONG RANGE-VIE W OF RESEARCH IN MILITARY PSYCI-JOLOGY AND SOCIAL SCIENCES
an address by Dr . Char les W . Bray,  Research Grou p in Psychology and the Social Sciences
Smithsonian Institution

What are the gt -n t .r a l  t a r g e t s  of l ong- range  The genera l  fo rm of the r e s e a r c h  ta rge t ,
rese a rch  in m i l i t a r y  psycho logy  and social  then , is to lay t he basis  for an overal l  in-
sc ience?  What  a r eas  of psychology and social c rease  in the s~ ph1ftication and in v e n t i v e~~~~~
scien ce are re levant  to defense needs and of Defense management f~j e~ p _ . The re  ha s
“ read y ” for major advance ? How are th ese  been a growing  recogni t ion  in  the past few
re se a r c h  to pics supported by the mi l i tary  ye ars  that management  sophist ication and
es tabl i shment , today ? Is present  Defense management inventiveness about people are
support of long-range research optimally as much the key to Defense success as any
calculated to produce major advances in the other item. For seve ral genera t ions , we

read y a r e a s ?  Are new kinds of support  Amer icans  have been j u s t i f i a b ly proud of our
needed? sophistication and inventiveness about the

These are the ques tions to which I wish to production of physical objects. In recent
address myself tonight. Dr. Baker’s kind years , we Americans have had every reason
invitation to speak to you gives me an oppor- to become proud of our sophistication and
tuni t y to re g is te r my pe r sonal opinions on invent ive ness about new engineer ing  deve lop-
these subjec ts  -- op inions which  have been ments . Incre as ingl y, howeve r , we recog nize
slowly maturing in the past year and a half that we have barely taken the first few steps
at the Smithsonian -- a pe r iod spent in read- towards a high degree of sophistication and
ing and in consultation with America ’s lead- inven t i veness  about peop le . The t a rge t  of
in g mili tary psychologists  and social sc ien-  lon g - r a n g e  behavioral sc ience  r e sea rch
t i s t s. Althoug h I have reason to believe that should be to overcome this deficiency.
many of my colleagues , many of you, share Even if behavioral science can promise , at
many of my opinions on these difficult ques- this time, no particular breakthroughs , i t

lions , I wish  to r epeat that , t o n i ght , I speak can lay the basis for them. And even if they
for myself alone, not for the Smithsonian or should not be forthcoming, behavioral science
for my colleagues. can say with confidence that it can repay to

Firs t , then , what is the goal of r e sea rch  it s suppor te rs  almost any sensible inves tment
in mi l i ta ry  psychology and social sc ience?  of reasonable size in behav io ra l  science re-
How can we def ine  the objectives , beg inning search . In the Department  of Defense , the
with the overall , general objective , and mov- FY’61 budget for salaries , allowances , tem-

ing to par t i cu la r  objectives as we define those pora r y duty t r ave l  and permanent changes of
specific programs which seem to hold out the station for military and Civil Service per-

greatest promise of helping the military sonnel, alone , amounts to $ 18,295,000,000.
establishment , If one were able to find out and add to this

the costs of supplies , t raining,  medical ca re ,
I begin with a negative statement. At pres- barracks and school rooms, of education in

ent, the behavioral sciences seem to hold out priva te installations , and above all , the costs
no promise of particular “breakthroughs.” of the weapons bought for training purposes,
Neve r the l e s s , eve n in these t imes when there one would hav e a ver y large bud get f igure
is a tendency  to unde r value any resear ch indeed , ce r t a inly $20 billion per yea r  and
which wi ll produce less than an atom bomb , probably half or more of the Defense budget.
a conquest of space, or some othe r  n ear A saving of 1/365th of the salaries , all ow-
miracle , the products  of long-range behav- ances , and t rave l , a saving of one day in a
ioral science research are worth shooting
for. They will be increases in significant 

year 5pent at work or play, awake or asleep,
would amount to $50 million. Surely such a

~~~ al capacities , such as the capacities to: -saving can be produced, surely it can be pro-
1 . Lead men to work effectively. duced several times over by long-range re-
2. Plan how to use men , search. The Depa rtm ent spends less tha n
3. Adapt machines to men’s needs and this on basic research in the behavioral

purposes,  sciences.
4. Create  effective teams of men . To point to potential savings of this order
5. Coordinate , di r ect , p lan the D efe nse of magnitu de , even without predic t ing par-

organization , and adapt it to changing con- ticular breakth r ou ghs , is to rai se this ques-
ditions. tion:
6. Adjust Defense activities in terms of How would the products of r e sea rch  in

their probable impact on the attitudes , opin- the behavioral sciences be used? What,
ions , and ac t ion s of peop le , f r iendly, enemy, in other words , ar e the t rue needs of the
and non-commit ted  peop le , outside the De- mil i tary es tabl ishment  for  research  in
partment of Defense , these fields ?

In all these respects , behavioral sc ien t i s t s  Clear l y, t he Depa r t m ent of De fense  does
are read y in a t e n - y e a r  period to increase not need research in these subjects as such .
Defense capaci ty .  The Depar tment ’s needs , those which our

I(3
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sciences can help to meet, ar~i for manage- Every step forward in natural  science , each
ment sophis t ica t ion and management inven- advance in engineer ing  technology,  cha ng es
ti v eness about  people. men ’ s we apons , thei r vehicles , the organi-

Psycholo gy and social science can best za t ions  in which they work, their relations
help to meet these  needs , jus t  as other  to peop le outs ide the i r  own es t ab l i shment .
sciences hel p to meet other needs , by layin g ~Mi1itary man ’s environriient is t~~~~~~~~~1.
the ground work for a technology , in this case The genera l  fo rm of the ex pansion is not the
a technology of human behavior . I Defense re la t ive l y s imple geographical one into the
managers of peop le need to have at hand a a r ct i c s , the dese r t , the t r opics , u n d e r s e a s,
technology of human behavior. They need a or even into space. The general form of the
te chnology comparable in every  possible way ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
to t he eng ineer ing  t e c h n o l o g y  to which  ~~~~~~~~2~~~~ion into a wo~~4~~f machine~~~~~~
w-’apons managers  now appeal when a de- into new social se t ting~~ As the wo r ld of
cision must be made about weapons . machines and the social set t ings change , ever

The managers  of peop le in the Department more and more rapidly ,  the ar t  of manage -
of Defense are: merit wi ll oft en be ove r s t r a ined.

The commanders and their staffs - at all A technology of human behavior may be
levels; the men who direct and lead the defined as:
millions of service men , as well as the re- I. Concepts and attitudes about people, --
se r ve fo r ces , the c iv il se r v ants , and those based on advancing  sc ien t i f ic  theory.
contractor ’s technical representatives who 2. Proven techniques for dealing with
wo rk within the mili tary es tabl i shment,  people and for getting in format ion  about them ,
The system engineers; the planners of -- based on adv ancing scientific methodology.

weapon and sup~ orting sys tems , the engi-  3. Tested information about peop le , av ail-
nee r s  who ar e inc r ea sing ly co ming to able on file , in handbooks , and in the memo r ies
recognize that men are component s of all of behavioral sc i en t i st s  who serve on the
sys t em s and that  men and equipment must staffs  of the Defense managers .  Techno-
be adjusted rather nicely to one another, logical information is information based on
2~~~ p~~sonnel specialists and the man- controlled observation, and is expr essed ,

power and or anization s ecialists; the preferably, in formulae , tables and graphs ,
managers w o must recruit, select, train, that is to say it is not only tested but it is
and assign men to their jobs in weapon increasingly quantitative as the sciences un-
sys t e ms, who must  arrange mi l i t a ry  or- der lying the technology advance . -
ganizations as man-machine weapon sys- A technology of human behavior is neces-
te m s. sar i ly dependent on psy chological and social

The geo-political policy makers  and all science advance.  The producLon and develop-
those managers who implement their ment of such a technology should be the gen-
policies and thus have responsibility for eral objective of Defense research in psy-
the rela tions between the mi l i ta ry  estab- chology and the social sciences. Whe n
lishment and the world outside it; the a vai lable , this t ech nology shou ld be u sed  by
managers who must work with the State Defense managers  and the i r  human factors
Department and other governmental agen- engineering advisors.
cies in de te rmin ing  the pol ic ies  and re- I am under no illusions , I hasten to add ,
lations of the Department of Defense with that a technology of human behavior , alone ,
re spect to our own ci t izens and the peop les will i ts elf “ solve ” any si ng le one of the
of allies , uncommitted , and potential enemy human problems which mil i tary management
countries, faces, and will face in ever-increasing num-
It is these  men whose decisions can be ber over this  decade and the next .

assisted , and improved by a technology of The management of people will remain an
human behavior , art. It will always call for  wisdom and com-
The general problem which managers face mon sense , for mature judgment, for seeing

is the e f f ect  of ch~~ g~ on the peop le of the many aspects of situations beyond those
;r ii li tary establ ishment. Management  under  covered by any conceivable scient i f ic  devel-
the best of conditions is ahigh are , dependent opment. No “cookbook” of assorted facts
on the individual character, the intelligence , and information, however well established and
and the resourcefu lness  of the manager.  It organized the facts and informat ion  may be ,
depends on his ability to use the tradit ional  can reduce the management of people to a
wisdom and common sense about people that routine function or enable f inal  management
have been accumulating over centuries of decisions about peop le to be computerized .
military experience. It depends also on the But the ar t  of management can be hel ped .
ma nage r ’s ability to improvise new solutions , It alread y has been hel ped by technological
as conditions change. When condi t ion s deve lopment s in ps yc hology and the social
chan ge , the r e is an inev i tab le stra in on the sciences. Let me give you a few examples.
a r t  of mana gement . In the years  before World War I , psy-

Conditions are changing rapidl y today. cholo gi sts deve loped , f rom the theory of evo-
Each year , conditions change more rapidly. lution , the concept that men differ  f rom one
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another , with its corollary that men must be “ R E A D Y ”  AREAS
treated individuall y. In World War I, psy-
cholo gist s  showed the s i g n i f i can c e  of meas-  My second major  q u e s t i o n  concerns  the

~~~~~~~~~~~~~~~~~ i f e r e n c es in military readiness  of psychology and the social sd-
effectiveness . They applied the early sing le enc es to de v elop, over  a t e n - y e a r  period , a
fac tor  theo r y of i n te l l ig e n c e  and , l a t e r , the technology of hu man behavior relevant  to
more modern m u l t i - f a c t o r  t h eo r y ,  t o the these  f our , mi l i tary  problem areas.  In the
techniques of aptitude t e s l in c  rind the m i l i t a r y  las t yea r , I have rev iewed  the progress  of
classification of men . The conce pt of in d iv i -  r esearch  across  the board of the behavioral
dual differences , and this application of it, sciences , particularly the research which
make an enormous d i f f e r e n c e  in the ability might contribute to the development of a usefu l
of our educat ional  and t r a i n i n g  managers  to technology . I have little or no concern with
support the very high degree of specialization the more or less theoretical question whether
r equ i red  by opera t ions  in a wo rld of mach ines .  such research  should be basic or app lied.

In much the same way, and in the same There is some reason to doubt that the issue
ti me period , s tud ies  of the re flex  a rc , of the of basic vs. applied research  is relevant  to
association of ideas , and the r i s e  of the be- r e sea r ch  on human behavior , since muchre-
havi or is t ic  t heo r i e s  in psychology led to the search  on human behavior must be conducted
concept of man as a machine  and to the tech-  in relat ively r eal is t ic , opera t ional  se t t in gs ,
niques of time and motion study. In World even though these be simulated settings lo-
W a r  11 and s ince , t h i s  coni. ept , whe n allied cated in laboratories.  The most theoretical
with modern laboratory psychology and with studies conducted in such settings usually
in t e rd i sc i pl ina ry  stu dies in ope rations re-  produce products  and information which are
sea r ch , cy be r n e t i c s , and in fo rma t ion  theory,  di r ectly usable.  However , my conce r n is
led to the whole field of h u m a n  engi nee r ing wi th r e sea rch  pr ogr am s which would ha ve
and is now hel ping to develop  the concept of general  usefulness , which would cont ribute to
man-machine system , a concept which is a generally useful  technology, and such re-
playing an e v e r - m o r e  important part in search inevitably involves theory. Inevitably
modern wea pon development , it will be long-range research.

Fortunately perhaps , in the WesternWorld, In this year, I have explicitly considered
the de v elo pm e n t  of the conce pt of man as u pwa rds of fo r ty possible  r esea r ch programs
machine was paralleled by the development of and many others , of course , received br ief
studies in abnormal psychology, studies which attention. Many were discarded because
brought out the importance of motivation and current progress appears to be satisfactory;
morale in the normal, as well as the abnor- a new kind of support is unnecessary. Others
mal , man; s tudies  which led to continuing were  d iscarded because present  support of
efforts t o as sess  persona li t ies and to the them is appropriate. Still others were dis-
successes , beginning in World War II, in the carded because they were toa visionary, too
measuremen t  of the att i tudes of mili tary men , unlikely to be successful in the time per iod
These examples demonstra te  that a tech-  under  consideration; in these fields the pres-

nology of hu man behavior  can be developed ent grant-in-aid approach, backing the oc-
and that it is helpful to the military manager casional genius and the well-designed par-
when de veloped . ticular project , is appropriate. My concern

Let rue briefly turn next to a more specific is with concentrated programs, long-term
ques t ion about Defe nse needs . What are the programs with a reasonable chance of
pa r t icular  f ields of militar y activity in which success.
a te chnology of human  beha vior could be most I f ind th r ee fie lds of behavio ral science
helpful at the end of the coming dec ade . If which  are now ready to advance and to pro-
we consider  weapon systems now on the duce a generally usefu l technology relevant
drawing boards , if we consider  mili tary to Defense needs . For one of these fields ,
plans , let us look ahead to the time period I see three appropriate approaches. The
whe n , if the r esea rc h is succ ess ful , the re- fields themselves ares
suit ing technology would be available to assis t  1. Human Performance.
mili tary managers. I find fou r general miii- 2, The Adaptation of Complex Organiza-
tary top ics to which the research should t ions to Changing Demands.
contribute, These are:  3, Persuasion and Motivation .

1. Weapon systems , Let me discuss each in turn.
- 2. Personnel systems , The general questions to which research
3. The processing of informat ion and in- should be addressed in the field of human

telli gence , performance are easy to state -- they are
4. The cold war, harder  to answer . IHow can the performance

For this audience I doubt that I need to ex- of military tasks be improved? What levels
pand in a genera l  way on the continuing im- of performance can be expected of men of
portance of these topics. You all recognize di f ferent  charac te r i s t i c s  and backgrounds
thei r  s igni f icance  and the potential contribu - under different  conditions of work? How can
lion of a technology of human behavior to them , the degradation of p e r f o r m  a n  c e under
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difficult , changing c on di lions be pre- Men have a way of adjusting their work to
vented? suit themselves , Sometimes they raise Cain

The p r imary  concern  is with human per- by doing so; by insisting on doing things in
fo rmance  in a world of machines , in a wo rld their  own way,  they defeat  all the best-laid
of ever-increasing automation. Men’s func- plans of Commanders and system designers .
lions , their roles, are changing as we enter And yet it is this cha racte r is t ic which make s
into a world of machines. In a world of ma- men - - men . It is this characteristic which
chi nes, men ’s brains are steadily growing in is the best reason for including men as corn-
importance. In a world of machines,  men ponents in our o the rwi se  hi ghl y au tomated
serve as system components. They tend to systems. It is this character is t ic  which
se r ve the f u nc t ions of : makes systems grow in effectiveness in spite

1, Information Processor, of unexpected change in the conditions under
2. Decision Maker, which the system operates.
3 . Team Member . Men ’s en gineer ing charact e r i s t i c s  and
In a world of machines we need to know all their  reprogramming charac te r i s t ics  need to

we can know about how men receive informa- receive more in tens ive  stud y than they have
tion , perceive patterns in information , arid yet been given. Long-term study of these
code information -- categorizing and struc - aspects of human pe rformance is needed .
luring it . We need to know all we can know Three approaches to them are proposed:
about how men decide to seek more informa- 1. Men ’s performance in comple x man-
t ion , decide to reprogram , and decide to use machine systems.
their men and machines in action . We need 2. Men ’s per for mance in individual in-
to know all we can know about how men corn- tellectual skills.
criunicate with their team mate s,how men time 3. Men’s performance as team members.
thei r wo r k t o mat ch one anot her ’s , and how In adopting three approaches to the same
men learn enough of the specialities of others problems , three frui t fu l trends in modern
to work effect ivel y together . psychology would be re inforced:  system

These a re the fields oIhurnan performance thinking; individual thinking;  and team think-
in which research progress  and a technology ing. In each case the end object ive is a
of human behavior will he most needed and can broadly usefu l technology of human per-
be approached by 1970-75. Wi th in these  fields formance .
we need to know all we can know about: I will not here attempt to spell out in detail

I . Men ’s engineering character is t ics, the kind of work  that is nee ded u nde r each of
2 . Men ’s inventive , or reprogramming these three approaches . A detailed seminar

cha rac t e r ist i c s ,  of some hours duration would be needed to
Men ’s engineering characteristics are cover all three and after dinner is not the

those ch ar acte r is t ics  which a syst em planner appropriate t ime for this.
must know about when he desi gns a man- The second recommended program con-
machine sys tem . They are charac ter is t ics  cerns  complex organizations.  The essential
si mila r in all res pec t s to the cha tacte r i s t i c s  p roblem he re , f rom the point of view of the
of machine .  The sys tem designer  has , at De partment of Defense , is the adaptation of
ha nd , an immense amount of informat ion  about military organizations to chang ing demands .
the standa r ds of performance to be expected The Department faces today, and will in-
of mater ia l s  and devices.  It is this  immense defini tel y continue to face , an organizational
amount of i n fo rmat ion, readi ly at hand or c r i sis . Defense organizations f rom the lowest
eas i ly obtainable  about mater ia ls , that unde r-  units  r ight  up to our three , or fou r , (some-
l ies  the mode rn pace of inven t ion of machines. ti mes confl ic t ing)  Armed Services are neces-
Sys t em p lanners  and personnel men need sarily in a continual state of flux , today.
com parable informat ion  about people. They The De fense organization is exposed to
need to know , in t e rms  of the same uni ts  of changing demands. It faces the technological
m e a s u r e m e n t  as are used to measure machine revolution ,  Thus , for  each new weapon , new
p e r f o rmance , wha t levels of performance can problems ar i se  of f i t t ing  together  the weapon
~e expected  of var ious  kinds of men , working and all the specialized men it requi res  into
un d e r  variou s kinds of background c i rcum-  a coherent  unit and of f i t t ing  this new kind of
st ances , on a wide var ie ty of tasks under unit into a pre-existing structure. It is no
standa rdized condi t ions , cri t icism , i t is indeed on e of th e st r eng ths

We also need to know all that we can know of mili tary organization , to say that it changes
abou t ~~~n as inventors .  I don ’t necessa r i ly slowl y in response to technolog ical advance.
r e f e r  he re  to the great  invent ive  gen iuses  -- The Department also faces a condit ion of
to the E inst e ins  or even to the Edisons -- cont inuous a l e r t .  That good fr iend of be-
a l t h o u gh be havioral  sc ient is ts  will know more haviora l  sc ience , Colonel Munson , used to say
abou t men like these  too before they are that the A r m y  no longer re t i res  to its r eser-
throu gh - - but I r e f e r  at present  to the lower vat ions  like  the Indians between wars , segre-
levels of inventiveness , perhaps better de- ga t ing  i tself  f rom the world at large and
sc r ibed by the modern te rm , the reprogram-  wai t ing  to fi ght a new war  in the man ne r of the
rner , tha n by the older te rm , the inventor,  last.  It must  cont inuous ly  be on the alert for
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new kinds of war , started without warning ,  scene , l ead ing  to empha sis  on dec i s ion  making
in any part  of the globe, and the co mmunica t ion  of informatior.,  and to

The mil i tary  es tabl ishment  of today and a problem so lv ing  view of the role of m d i -
tomo rrow must  o p e r a t e  through semi- v iduals  in o rgan iza tions .
autono mous units ,  dispersed over  the face of These conf l i c t ing  theor ies  of o rgan iza t ion
the ea rth , of ten mobile , often isolated . Re- pers is t .  I believe that the theore t i ca l  con-
gardless  of advances in computers  and com- fl ic t s  wil l  cont inue to pers is t , for so long as
municat ions , such units  must  be read y to s tudents  of organizat ion are forced to follow
react  intelligently,  in accordance with plan , the case-s tud y app roach . Most of the em-
and in accordance with local c i rcumstances  p ir ical  s tudies  in this  field have been of single
which  wi ll diffe r radically f rom anything organizations. The case-s tudy method is
anticipated and programmed on the computers  valuable but it encourages  sub jec t iv i sm ,
before the f i r s t  blow was s t ruck,  undue se ns i t iv i t y to the opinions of the re-

The De partment of Defense must  coordinate search worke r  or of the managers  who re -
its three  Armed  Services  and it must coordi- quested the stud y.
nate their activi t ies  with those of our allies . The Depar tment  of Defense should support
H ere , too , chang ing demands will be the order  comparat ive studies of organizat ion,  of mili -
of the day. tary org anizations pr imar i ly but not neces-

The Department of Defense and our country sarily of military o r g a n i z a t i o n s  alone.
mu st face u p to the fac t tha t the tot al i tarian Objec t ive , empir ical compa risons of mili tar y
countr ies  ieem to be successful  in integrat ing and industr ia l  organizations would be ve ry
political and mili tary object ives .  The Depart-  valuable , as would be com parisons of our
rnen t  must somehow help our country to mil i tary units  with comparable units of our
achie ve a similar integration , retaining, allies. The uni t s chosen fo r study should not
never theless , the f r ee -wor ld  pr inci ples of be p icked , howeve r , because the y happen to
civilian control over the mi l i ta ry  and non- be available , or bec ause their  leade r s happen
in ter fe rence  in the internal a f fa i rs  of nations to des i re  a study. The y should be chosen
with whom we are at peace. deli berately in order to test si gnificant ,

The basic Defense organization was devised theoretical points at issue.
in the days of man- to-man combat. Its key The studies should concent ra te on these
concept is th at of many ident ical  or hi ghly fou r pa r ticu la r f ields , whi ch have special
similar unit s at the bottom, pyramiding military importance:
s lowly to a peak at the top. As the techno- 1. Organizational Goals .
log ical re vo lu t ion advances , as  the other de- 2. Management Strategies .
mands continue , the Defense organizat ion is 3. Incentive Sys tems,
already adapting. The staff revolution is one 4. Coordination and Control.
sign of adaptation. So , too , i s the prevalence The last of the three areas in which a major
and dependence on informal  br ie f ings , which r e sea r ch  in ves tment is r ecommended is the
bypass all command and staff channels.  So , area of persuasion and motivation. There
too , is the appearance of rfldny specialized has been continuing resistance in this country
units  and of those monsters , the coordinating to an exp licit , pu blic r eco gnit ion that resea r ch
commit tees .  The Department will continue on this top ic , an im proved scientific under -
to adapt . Our question can only be whether  standing of it , is a necessi ty. The top ic has
research on the princi ples of organization can been ra ther  tenderl y dealt with under  var ious
assist in the adaptation. euphe misms - the wo r d “ propaganda” was

Behavioral scientists  hold that research succeeded by the word “ psychological wa r -
can assist, although in this field their claims fare” and the search for an innocuous-
are somewhat more modest than f or hu man sou ndin g su bst i tut e fo r the wor d ‘‘psycho-
performance.  A broad technology of organi-  logical warfare ” conti nues ;  su ch wor ds as
nation seems more remote than a technology “the image of our country” are now popular .
of human performance.  This remoteness  is At the same time, our leaders are routinel y
not a good reason , however , for fu r the r delay cr i t ic ized by the country  as a whole for fai lure
in making the fundamental studies needed in to anticipate the impact of our weapons , of
order  to produce a technology. our national actions , of ou r geo poli t ic al

Research on organizations to date has been policies on our own service  men , our own
domi nated by three  kinds of thinking. U nt i l a people , our allies , and others in the world
few years ago, the workers, the employees of out sid .’.

- organizations, have been conceived as auto- 11 the re is still ser ious question about the
rnata , whose own desires and motives are of propr ie ty  of the Department ’s entry into long-
l i t t le  importance.  A few years back the range research in this  field , I would remind
human relations view came to the fore , em- it that , whe n the news broke that the Br i t i sh
phasizing the importance of each individual  Army  of our Revolut ionary period was h i r ing
and of securing his active participation in German mercenaries, General George Wash-
pu r su i t  of goals of his organizat ion.  Still ington wrote President  John Hancock of the
more recentl y, the game theor is t  and the Continental Congress inquir ing whether it
informat ion  theorist  h a v e  dominated the mi ght not “be advisable and good policy, to
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ra ise  some companies of our Germans  to labora tor ies  of the i r  indus t r i a l  con t rac to r s ,
send among (the German mercena r ie s )  when or t h roug h the contr ac ts  an d g r a n t s  of the
they arrive , for  exc i t ing  a sp i r i t  of d i s a f f ec-  Off ice  of Naval  R e s e a r c h , the Air  Force
tion and desertion .” Thomas Jefferson in- Office of S c i e n t i f i c  Resea r ch , or the Ar m y
cluded a l i st  of the “ c r ime s” of George III Techn ica l  S e r v i c e s .
in the Dec la ra t ion  of Independence.  -- and The i n - s e r v i c e  and ind~ s t r i ai  1abpr ~~to ri~~s
Abraha m Lincoln  ca re fu l l y t imed his re lease  are  doing an excellent , a top-no tch  job , wi th i n
ot the Emanc i pati on P roclamat ion, the  li m i t s  of t he i r  p r i m a r y  miss ions  and

We ca n improve on the i r  t echniques , today - r e spons ib i l i t i e s . Thei r p r imary  job , of
but be need to be able to do a great deal course , is the development  of spec i f ic  weapon
bette r than the y did , tomor r ow , if onl y be- and su pport ing equi pme nt , and the p r i m a r y
c a u s e  of the  de l i be r a t e  use of pe r suasion by job of the human f ac tors  peop le wi th i n these
ot he r s  aga ins t  us , labo rator ies  is to solve the specia l  human

Pe rsuas ion is the te rm used to descr ibe  fac tors  problems wi th in  such  equipment .  The
all those  met hods of inf lue~~~~~~~~~~~~le hu man fac tors  laborator ies  are deep l y in -
th rou g h means which  are  shor t  of force , or volved in solving many hi~~~lysp ecia1 2rob-
the th r eat  of force , or d i rec t  economic bar-  lems : problems of acce lera t ion  and deceler-
gai ning on the one hand , and wh ich  a r e shor t ation , i s o  1 a t  i o n , and weigh t l e s s ness ;
of education and t r a in ing  on the othe r hand,  problems of detecting and tracking targets
Pe r suas ion  operates  through relativel y per- displayed on specific kinds of dials or os-
niane nt changes  in the a t t i tudes  of men and cilloscopes; problems of communicat ion
thei r mot ivat ion.  Clearl y, changes in a t t i -  under  par t icular  conditions; and so on. The
tude s and motivation resul t  ind i rec t l y when labo ratories  also have fac i l i t ies  and funds
fo rce  or t h r e a t s  or economic methods are for more general  s tudies  and with these they
used , and in the cou rse of educat ion and are making notable contributions to a more
t r a i n i n g, genera l  technology of human behavior , and

PersuasI ie~ ,~~~haracte rizes the nor-  to theoret ical  development  in these f ields .
rnal~~~ ve ry da y i n te rc ou r se  of people . Whe n These more general  fac i l i t i es  and funds are
people expl ain the i r  reasons for  action , when  small , however , in re la t ion  to the de pth of
the y d i s c u s s  a top ic , when they argu e , much the n eed in the th r ee f ie lds  of present  concern .
of the i r  inte r cou r se  wi th  one another  repre-  The mil i tary departments  also operate
sent s  a d i r ec t  ap peal to persuasion. Persua- r e s e a r c h  cont ract and grant  pr~~~rams in
sio n is not onl y a kind of weapon in i tse l f , these  th r ee f ie lds . ONR , AFOSR , and the
one which  r e i n f o r c e s  or degrades the e f fec t s  Army  Technical  Services  abl y provide s u p -
of the des t ruc t ive  weapons and the e f f ec t s  of port across  the whole broad field of psycho-
economic w a r f a r e , but also one which  f low s logy an d the social scienc es . These_agencies
from every  action one takes. It is hi gh time have fertil ized many areas .  It is the result
that our nation take s de l ibera te  steps to t ry of such fertil ization, by these and other
to u nders tand  this  weapon and to build a government  agencies , such  as the National
te chnology to aid in its use.  Science Foundation , and by the pr ivate  foun-

For the f r ee  world , the u l t imat e obj ec tive da t ions , that has made it possible to say that
in the study of persuasion and motivation is three fields are read y for in tens ive  de-
to build a technology which will be adequate velopn-ient.
to the task of ~~~~~~ e~~~n irra tiona1 appeaIs The Current  method of support by these

~y~~~~~~pp!al to reason. It is my considered agencies is to back men and limited , well-
opinion that research  on: designed projects .  These agencies pr ov ide

1. The processes of a t t i tude change , to many separat~e men with ideas re la t ive ly
2 . The effec ts  of group memberships on small sums , on an annual or at leai~t on a

atti tude change , relatively shor t - t e rm basis .  This is a time -
3, The ef fec ts  of cu l tura l  d i f fe rences  on tested and proven method of producing ad-

at t i tude change , Vance in the uncer ta in  world of research.
4 . The role of persuasion in large-scale Behavioral  science , generally, be nefi ts  f r om

social change is now ready, if properl y sup- this method . I hope that the method will be
ported , to del iver  products which will permit  continued and extended.
a major step forward in this exciting task.!

THE KIN D OF SUPPORT NEEDED
PRESENT SUPPORT OF B E H A VI O R A L

SCIENCE RESEARCH There is a quest ion , however , whet her
at tent ion to special topics in the i n - s e r v i c e

My third major top ic is the relation of laboratories , and backing many separate sci-
present  support of r esearch  in these fields entists  across  this whole broad field , is
to the support needed to advance most enou gh. Particularly,  there is a quest ion for
rapidl y. our three  areas which are so important  for

The mil i tary  depar tments  now support It the Defense Department  as a whole and which
and 0 in my three recommended areas , either are ready for long- te rm , c o n  c e n  t r a t e d
through the i r  in-service  laboratories andthe support .

l~pH
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Let me refer  again to the field of aptitude equation . The real advance was stimulated ,
testing. A condensed history of the state of however , by Darwin in his Origin of Species - -

the art of this top ic i-nay be info~ rnative with It. emphasis on variation between ani-
(fi gure 1). The state of the art of aptitude male. From the var ia t ion  in ph ysical charac-
testing took a j uat perceptible step forward t e r i s t i c s  observed by Darwin , it was only a
more than a century ago when the astrorio- short step to variation in the fa r  more im-
mere , about 1820 , recognized the persona l portant , mental characteri stics.  This step

WORLD
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/~~ 
WORLD
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/ 

WAR I

BINET 
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!~~~
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GA LTON

DA R W I N
I I I

1820 1840 1860 1880 1900 1920 1940 1960

Y E A R

~‘lgure 1. Development of the State of the Art of Aptitude Testing for Military Use

was taken by Francis Galton in his 1869 book II. On each of these occasions , relatively
on Hereditary Genius , his 1883 book on In- large numbers of scientists concentrated
quirles into Human Faculty and It. Develop- their  attention on a topic “ re ady” for tech-
meat , in which the idea of a mental test was nological advance. The best possible con-
born , and in his Anthrop ometric Laborator y diti ons for technologically-oriented research
established at the South Kensington Museum in this subject obtained. There were avail-
in London in 1884. able , for the f i rs t  time , large numbers  of

The basis for modern development was subjects from many walks of life and an ade-
laid, by Binet in France In 1905 , with new quate number of technical assistants for the
concept s for the measurement of complex key scientists concerned. The result  was a
abilities. At abou t the same time , Spearman , tremendous technological development , one
in London , developed the general factor theory of great , continuing usefulness for the Dc-
of intelligence , expanded to a multi-factor partment of Defense and the nation , toda y and
theory , and app lied to aptitude testing, chiefly tomorrow , a development which put the United
under the influenc of Thurstone during the States far ahead of all other nations in this
1930’ s in this country. These are a few of the field . Relatively large and suitable resources
individual , to whom a wide-awake Office of were made available to a field ready for con-
Naval Research , an Air Force Office of Sci- centrated, technological development.
ent lfjc Research , or the Personne l Research I believe that the three areas mentioned
Branch of the Army ’s Adjutant General mi ght above are read y for this kind of development
beet have made fertiliz ing contributions , if today. The key scientists are trained and
these agencies had been operating in Eng land , available . The exploratory work is relativel y
France , and thi s country at the time s stated, advanced , much of It subsidized by the Dc -

The greatest advances in the state of th e pa r tm ent of Defense. The research methods
art , however , were t sken In W orld War s land are read y for use , read y to p r o d u c e  a

_ _ _ _  -~~~~~~~ ---~~~~ --- _ - - - -~~~~~~~~~ J
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r e la t ively great  advance in the state of the 2. Human Intellectual Skills.
art , in the technology of human performance , 3. Team Performance.
complex organization, and persuasion and I bel ieve that we also need a small , but
mot ivat ion , stable , Institute of Organization Research

THE SUPPORT NEEDED aimed at the empirical , theoretical, and com-
parative study of organizations , military

I be l ieve  that  we need cont inu ou s , stable , organizations primari ly but not exclusively.
long-range support for the three areas I have I believe that we need to supplement our
mentioned. For human performance, the need fai rl y active applied research programs on
is for several , large-scale, well-equipped persuasion and motivation by making long-
laboratories to develop the art  of simulation term grants for basic research to several of
and to app ly it sys temat ica l ly  to the controlled the agencies at work in this field. The corn -
observation of large numbers  of human sub- bination of basic and app lied work should be
jec ts . These laboratories should not be dis- especially f rui t ful  in this  case.
t ra cted , as our in-service laboratories are by I thank you for this opportunity to expose
the need to apply the i r  resul ts .  And they some of my thoughts to you r comments and
obviou sly need more , and longer term support cr i t icisms.  l a m  sure that no topic can be
than our normal grants - in-a id  provide . Three more important for the military establish-
such laborator ies a re  needed to explore the inent than an improved scient i f ic  understand-
engineering and the reprogramming charac- ing of human behavior , expressed in the form
teris t ics  of man. These are laboratories of a technology sui ted to the needs of the
or iented to the stud y of: Defense managers whose decisions concern

1. Man-Machine Systems,  people. Again , I thank you .

IT ) )

‘ I
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CHAPTER 11
U. S. ARMY HUMAN FACTORS ENGINEERI NG COMMITTEE PRE SENTATIONS

A. COMMENTS ON THE HUMAN FACTORS ENGINEERIN G COURSES AT
McGILL And The U N I V E R S I T Y  OF MICHIGAN: Lt Col Harold A.
Tidmarsh , TC , Deputy Direc tor  of Resea rch , U . S. Army T ransporta-
tion Research and Engineer ing Command , Ft. Eusti s , Va .

B . CONFERENCE HIGHLIGHTS AND AHFEC ANNUAL S U M M A R Y :  Dr.
Lynn E . Bake r , Army Research  Off ice , Office of the Chief of Resea rch
and Development , W a s h i ngton , D . C.
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A. COMMENTS ON THE HUMAN FACTORS E N G I N E E R I N G  COURSES AT McGILL AN !) THL~
UNIVERSITY OF MICHIGAN by Lt Ciii Harold A. T idniarsh , TC , Deputy DIre ct !- of
Research , U .S. ArmyTra n spor ta t ionRes earchand Engineer ing Comman d , Ft . Eus t i s , V~..

- f lu t e :  The U . S . A r m y  Hu man Fac to rs  E n g i n e e r i n g  Comm i t t ee  ( A H I - E C~ t e t s  as a -O-

o r d i n a t i n g a g e n c y  f o r  the Chief of R e s e a r c h  m d  Deve lop m ent in the a l l o c a t i o n  a i m m o n g  t h e  U. S.
A r m y  T e c h n i c a l  S e r v i c e s  and USCONARC of quotas for a t t endance  of s e l e c t e d  m i l i t a r y  pe r-
sonnel at short o r i en t a t i o n  courses in human f a c t o r s  e n g i n e e r i n g .  The pu rpose  of these  and
si mi lar  e f fo r t s  of the AHFE C is to acquaint  A r m y  Personne l  c oncerned  wi th  e q u i p n m nt dt -s l gr -
wi th the na ture  of human f a c t o r s  engineer ing problems and p rac t i ces , and w i t h  how such
problems may be recognized and solutions sought .

At the Fif th  Annual  A r m y  Human Fac to rs  Eng i n e e r i n g  Conference , held at R e d s t o n e
Arsenal  on 2 1-24 Sep tember  1959 , the AHFE C presen ted  comments  f r o m  two of f ice rs  w h o
had atte nded the course  at McGil l  f r o m  9 t h r o u g h 19 Sep tember  1959. These re por t s  s u g -
gested ce r t a in  modi f ica t ions  wh ich  might  be des i rab le , and s t ron g ly r eco m m e n d e d  con t inued
par t ic ipat ion by Army personnel in such courses .

In June and July 1960 , bein g appr ised of a s imi lar  course  to be conducted at the
U n i v e r s i t y  of Mich igan , the AHFE C r e c o m mn e n d ed :  that  both the McGil l  and i c h l b a n  c o u r s e s
be u t i l i zed  as r e sources  for  the above s ta ted ori en ta t ion  t r a in ing  pu rposes ;  and tha t  one of fi -
cer attend both courses  for  the purpose  of p rov id ing  th i s  C o n f e r e n c e  and the A H F E L  some
su gges t ive  compara t ive  evaluation and guidance for f u t u r e  p lanning.  Col T i d m a r s h  was
se lec ted  fo r this t a sk , and hi s comments  are  p resen ted  h e r e w i t h  as well  d e s e r v i n g  the ~tter ;-
tiori and considerat ion of all concerned .

- -L .E .B ,, Gen. Conf . Chm n 7

PURPOSE and much more practical from the engineer ’s
view point than the Mich i gan course .

The purpose of this paper is to present
co mments r ega rd ing  the short  courses  in
human f ac to rs  eng inee r ing  (HFE) of fered  by OBJECTIVES OF THE COURSES
the U n i v e r s i t y  of Michi ga n and by McGill
U n i v e r s i t y  du r ing  the summer  of 1960 and to - - -

- - a. Michigan - From the m a n - m a c hin e  sys-sub mit a compar i son  of the two courses . - -tern s v i ewpo in t , t o c lar i f y the  ob je c-
t i v e s  and p r e s e n t the gene ralconcep t s

SCOPE and t heo re t i c a l  f o rmu la t i ons  tha t  can
prov ide  gu ide l i ne s  for  the solut ion of
pr ac t i c a l  p rob lems .

This paper is limited in scope because the b. McGil l  - To i n t r o d u c e  p rofess iona l  en-
wri ter  is an engineer with little training or gineers  t o t h c  l i t e r a t u r e  and tech-
ed ucation in psychology.  ni qu es of good hu man en gine er i n g, in

or de r to a s s i st in the desi gn of equi p-
ment so that  (1 ) the ope ra to r  an d

GENERAL COMMENTS m a i n t a i n e r  can work with maximum
eff i c i e ncy,  and (2 )  more indiv iduals

a. The course  at each un ive r s i ty  was spon- can be t ra ined more  quickly to ope r-
sored by the Depar tment  of Psychology; ate or maintain the equi pment .
hence the approach to m a n - m a c h i n e  sys tems
was f r o m  the point of view of the psycholo -  ATTENDANCE
g i s t , w i th  less a t t en t ion  given to the eng inee r ’s
view point , a . Mich igan  - 67 Students

b. Both courses  were  somewhat t heo re t -  U. S. Army 17
ical , requiring some basic kiiowledge of U. S . Navy 
psychology for complete understanding and U.S. Air Forc 17
as s imi l a t i on .  The princi pal d i f f icu l t y was U. S. Industr 27
concerned with communication. The language U. S. Government 4
of psy cholo gy is not the same as the language U. S. Educat ion 
of eng inee r ing ,  and most of the  s tudents  in b. McGill - 18 Students
each c ourse  were  engineers .  Nei ther  course  U . S . Army 12
provided a glossary  of t e rms , nor did most U. S. Indus t ry  
of the instructors  or speakers completely Canadian Army 1
defi ne the t e r m s  they used. In genera l  the Canadian Navy 3
McGill course was much less theore t ica l  Canadian Industry 1

- -
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IN S  I R U C T R N i~ .en  thou~j i ,  the a~ ce pted N o r t h  A m - r -
i c a u  de sm.  r ip t ion  Ui 4 h u t i m a n  e n g i n m - r r is ‘‘ an

a . M ich i gan engineer with some p s y  ho -p i y s i o l o g i a l
( I )  U s e d  a to ta l  of I t  m nst i- u m tors and t r a i n i n g ’ r~ -~ t h e t  c o a r s e  rn~m 1,- u s e  of or e- . en

guest s peaker s  d u r i n g  an e l ev e n  (lay c o u r s e . tm rod u~ m d  such  a p e r s o n .
Of t h i s  n u m b e r , ~ v . er e  f r o m  the D e p a r t m e n t  d . Lioth cou r ses  w o u l d  h a v e  t m - m m - i  L t m - d  by
of P s y ch o l o g y  and t i m  r e m l i n i n g  7 may be b e i n g  o r i e n t e d , to a g r e a t e r  deg ree , t o w a r d
desc r ibed as p r a c t i c i n g  p s y c h o l o g i st s , t h e  e n g i n e e r ’ s vie~ po in t .

(j l ) C o u r s e  w a s  p r e sen t e d  in a some-
what tormml manner in a l a r g e  l e c t u r e  hal l , C.  A g l o s sar y  of te rms  should  be p rov ided
Re m . .suse of t b m  l a r ge n u m b e r  of s tudents , each s t u d e n t .
a c t i i e  pa r t i c i p a t i o n  was d i f f i c u l t . The 1. The scope of b o t i ~ c o u r s es  ~ as some-
i n s t r u c t o r  - s t u d e n t  r e l a t i o n sh i p was n e v er  wh at broad and in sonic  i n s t a n c e s  sorn -~~t a t
qu i te  e l imina t ed , Some use was made of m n t m - n s i ~~e . At t i m e s  s t uden t s  appea red  to be-

i sua l  in s t r u ct i o n a l  aids, come lost  in detai l , this  ~ as e s p e c i a l l y t r~~m-
( 3 )  Ea~ h af te rnoon the c lass  was d iv i d -  of the M i c h i g an  c o u r s e .  It m i g h t  be more

ed i nto smal l  g roups  with  an i n s t r u c t o r , and a d v a n t a g e o u s  to deal w i t h  s pec i t i c  h u m a n
a one a nd one-hal f  seminar  was conducted , en g i n e e r i n g  p rob lems  t h e  e n g i n e e r  is ca l l ed

b , Nh Gil l  on to c o n s i d e r  or s u h~~. In a cou r se  of 10 or
( 1 )  Used  a total of 6 ins t ructors  and 1 1 d a y s  d u r a t i o n  es ery thi ng cannot be coy -

guest  speake r s  d u r i n g  a ten day course .  E x -  e red . Pe rhaps  an i n t r o d u c t i o n  to  th~ g e n e r a l
cept f o r  one , all of these  could be d e s c r i b e d  p r o b l e m s  and a d i s c u s s i o n  of some of the
as p r a c t i c i n g  psychologis t s .  The excep t ion  more e s s e n t i a l  s pe c i f i c  one s wi th  d e f i n i t e
was f r o m  the Mich igan  Depa r tmen t  of P sy -  guide l ines  as to t h e i r  p r a c t i c a l  so lu t ion  would
chology;  he presented the  same l ec tu res  in be mo re b e u m - t i m .  m a l .
both cou r se s , No ins t r u c t o r s  f r o m  the g. The problems of HFE are  d i r e c t l y r -

McG i l l  D e p a r t m e n t  of Psycholo gy took ac ti e lated to the A r m y ’s p r o b l e m s  in the  d e s i g n
par t  in the course ,  and p r o c u r e m e n t  of m a n - m a c h i n e  s y s t e m S

( 2) Course  was presen ted  in an in - for -  and in the t r a i n i n g  for  and ope ra t i on  and
mal , r o u n d - t a b l e - d i s c u s s i o n , semina r man-  ma in t enance  of t he se  s y s t e m s .  T h e r e f o r e ,
n cr .  Because  of the smal l  n u m b e r of s tuden t s , even  thou gh the re  is room for  i m p r o v e m e n t
a c t i v e  pa r t i c ipa t i on  was easy , in fac t  the in both these  c o u r s e s , t hey  a r e  both of be ne f i t
s t u d e n t s  got to know each othe r and the course  to A r m y  pe r sonne l  who are  involved  in de-
l eader  ra t h e r  ~~e1l . A f t e r  a few days  the s i g n i n g ,  p r o c u r i n g ,  operat ing and ma in t a in ing
i n s t r u c t o r - s t u d e n t  r e l a t i onsh i p p rac t i ca l l y man- mach ine  sy s t ems .
disa ppeared.  E x t e n s i v e  use was made of h . In my p re sen t  dut ies  both courses  are

isua L and othe r i n s t r u c t i o n al  aids , of value , Thj ~ value cou ldhave  been enhanced
had the courses  been o r i e n t e d  more  t o w a r d

MATERIA L COVERED en gineer ing .
i . Because the McGill course was more

a. See Annex A for  Michigan . p rac t i ca l , had fewer  s tudents , and was co n-
b. See Annex B for  McGill,  ducted in a much less  for mal atmosphere , I

c . The mater ia l  covered  in each course r ece ived  g rea t e r  benef i t  f r o m  it than f r o m
was much the same in many  ins tan ces , how- the Michigan course.
e v e r , the approach to the mater ia l  was dif-
f e r en t. The Michigan  course  approach was R E C O M M E N D A T I O N Slargel y theo r etical, with quite a bit of theoret-
ical and laboratory expe r imen ta l  data being
presented . The McGill course was oriented a. That t r a in ing  in the f ie ld  of HFE be con -
to deal more wi th prac t ical mat te r s ra the r t inued  fo r  se lec ted  A r my Pe r s o n n e l  (both

th an t h e o r e t i c a l  issues; the p r imary  objec -  mi l i ta ry  and c i v i l i a n ) .
t ive bein g to develop a point o view , not to b . That  a t t endance  at shor t  course s of the
pass on specific data , natu r e of those  p r e sen t ed  by Michi gan and

Mc Gill be continued in order  to orient a n-maxi-
mum number  of A r m y  personnel  to the prob-

CONCLUSIONS lems of HFE . Perha ps educa t iona l  ins t i tu -
t i on s  could be encour aged to des ign  t h e i r

a. Both courses were  adequate  and suc -  courses spec i f i ca l l y to meet the A r m y ’s
cessf u l  in p r e s e n t i n g  the problems which are needs.
inherent  or are  c rea ted  in the desi gn and c . That  selected A rmy personnel  r ece ive
develop ment of man-machine systems, longer t ra in ing  and education in HFE so as

b. The provis ion  of gu ide l i ne s  to the solu- to produce individuals who are profess ional
tiori of these  problems was u n d e r t a k e n  f ro m  human engineers  and who f i t  the accep ted
the more  theo re t ica l  psychological  aspect  by d e s c r i pt ion of a human engineer  i .e., “an
M ich igan , and f rom the more p r a c t i c a l  ps y-  eng inee r  w i th  some psycho-phys io log ical
cholo gical a spec t  by Mc Gil l . t ra ining. ”

I T t
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d . That c o n s i d e r a t i on be g i v e n  to m n c o r -  men in the  field of HFE , a nd an occu pat io nal
po ra t in g  a HF E  shor t  o r i e n t a t i o n  course  into code for  Civil Se rv ice  E m p loyees .  1

- the A r my ’s School  s y s t e m , at the ou t se t  th is  I
m i g ht be done in the I c c  hn ic a l  Sm- r v i m .  e 1

Schools , 2 Annexes:
e . I hat c o n s i d e r a t i o n  be g iven  to es tab-  A - Mich i gan Course T itles

li sh i ng a MOS for  both o f f i ce r s  and enl is ted  B - McGill Course Titles

L ~~
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AI*~EX A

TO COMMENTS ON H F E COURSES

Un ivers i ty  1)1 Michigan
Human Engineering Concepts and Theory

Titles of Presentations 1960

I , 13 J u n e  - *In t r oduct ion
*Hi~ tor y, Scope and O b j e c t i v e s  of H u m a n  F a c t o r s  E n g i n e e r i n g  (H FE )
Sys tem Simulation
Mathe mat ica l  Model of H u m a n  P e r f o r m a n c e

2 . 14 June  - *lrn p licatio ns of t h .  Sys t em Concept
H u m a n  Memory

*Autom.lt ed I r a in ing  Dev ices
Adapt ive  Sy s tem Models

3 . 15 June - *Func t~on5 of Men in Sy s t e ms
Auto mat ion  and the W o r k e r
Analog C o m p u t e r s  in S i m u l a t i o n  of M a n - M a c h i n e  Sy s t e m s

4 . 16 June - *I d en t i f i c a t i o n  of Cr i t i ca l  HFE Problems
*Track ing  and Skill  P e r f o r m a n c e
*Percep tua l  L e a r n i n g

Si gnal D e t e c t i o n  T h e o r y

5. 17 June  - *Human I n f o r m a t i o n  H a n d l i n g  Si gna l  D e t e c t i o n  T h e o r y
*De r ivat ion  of T r a n s f e r  Funct ions , P s y c h o l o g i c a l  M e a s u r e men t  and a T h e o r y

of Data

6 . 18 June - V i s i t  to U n i v e r s i ty  D e p a r t m e n t  of P s y c h o l o g y  L a b o r a t o r i e s

7 . 20 June - *Coding and Disp lay of Informat ion
*Act i v i ty  Dat a Ga the r ing  Techniqu es
*Human Decision Making

8. 21 June  - *Coding and Disp lay of Informat ion
*D esign for  Ease  of M a i n t e n a n c e

Con su m e r  A c c e p t a n c e  R esea rch
*Human Dec i s ion  M ak ing

9. ZZ June - Roles for Men in F u t u r e  Sys tems
~ Reduc ing  the D e l e t e r i o u s  E f f e c t s  of S t r e s s

• HFE Problems in Manned Space Vehicles
HFE Aspects  of Opera t ion  and Maintenance of Space Sy s t e m s

10 . 23 June - HFE Resea r ch  on Telep hone Sys te m
Xtntegrat ion of HFE Contributions in Sys tem Development Cy cles

Fiel d Test ing of M a n - M a c h i n e  Sy st e m s

11. 24 June - Novel Disp lay Methods
*Design E n g i n e e r ’ s Use  of HFE Data
*New Hor izons  for HFE

~~~~~~ •Some dup lication in M c G i l l  Course

I Tim
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ANNEX B

TO COMMENTS ON HFE COURSES

McGill Un ive r s i ty  Short Course
Human Engineering - •

Titles of Presentations 1960

1. 7 Septembe r - *ln t r o d u c t ion
*Fields of Psychology
*Pr in c i pl e s  of Learn ing  and the Acquisi t ion of Skills
*B r e ak d o wn  of Sk i l l s  ( f a t ig u e )
* T r a i n i n g  f o r  H u m a n  E n g i n e e r s

2. 8 September - Vis ion
I l lum in a t i o n
L e g i b i l i t y
Visual  W a r n i n g  Syste ms

3. 9 September - H e a r i n g  and Bio-Acoust ics

4. 10 September - *Vj sual  Disp lay of Information

5, 1Z September - *System Design
*T r an s f er  Funct ions
*Man in the Control  Loop

6 . 1 3 Septembe r - Manual Controls
*Tracking Pe r fo rmance  and Behavior

Human Control  Forces
D esi gn for  Op t i m u m  Control
Human M o n i t o r i n g  (Vi g ila n ce)

*P er fo r  m nce  Dec remen t  and Avoidance

7 . 14 September - *Man as an Informat ion  Handl ing Sy st e m
Oper at iona l  R esearch

8. 15 Septembe r - *Design for  Ease  of Main tenance
Planning a Maintenance  Sy s t e m
Layout of Workspace

9. 16 September  - *Decision Making

10 . 17 September - *Human Engineering a Sys tem
Summary

*Some duplication in the Michigan Course ,  
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B. CONFERENCE HIGHLIGHTS AND AHFEC ANNUAL SUMMAR Y , by Dr . Lynn E . Baker ,
A r m y  Research Office , Office of the Chief of Research and Development , Washington , D. C .

A R M Y , iN D U S T R Y  AND THE SOLD1ER T h e s e  f a c t s , and t h e i r  v i t a l  i m p o r t a n c e  to
US CONARC as the ‘‘ u s e r ’’ of A r m y  m a t e r i e l ,As your General  C h a i r man  and the C h a i r - have been c a r e f u l l y  docu mented  and weighedman of the A r m y  Human Fa tor s E n g i n e e r i n g

C o m m i t t e e  (AHFEC) I am each year p r iv i-  du r ing the pas t  y e ar  b y ~ work ing  g r o u p  of the

leged to re port to you on m a j o r  r e s u l t s  of the A r m y  Sc ien t i f i c  A d v i s o r y  Panel (ASAP) u n d e r
th~ c h a i r m a n s h i p  of Dr . Roge r  R u s s e l l  of

wo rk of A H FE C  d u r i ng  the p r e~ ed in g yea r , Indiana U n i v e r s i t y .  Many of you have met
a nd to a t t e m p t  a summary  evaluat ion of the w i t h  and a s s i s t e d  th i s  d i s t i n g u i s h e d  group,
Conference  as its f ina l  a c t . This  is an alto- which  also inc ludes :  Dr .  W i l l i a m Kappauf
ge the r pleasan t a s s i g nment b e c a u s e  each y e a r  of the U n i v  e r s i t  y of I l l ino i s ;  Dr . E. J.
I have been able to repor t  my s incere  v iew McCormick  of P u r d u e ;  and Dr .  Delos Wickens
that  th is  Confe rence  has been even  be t t e r  than of Ohio State U n i v e r s i t y .  The reco mmenda-
its p redecessors .  Lest this  g ive  of fense  to t i ons  of the so-called “Russe l l  Repor t  No. 1”
our  hosts  of forme r yea r s  let me has t en  to are  now being cons idered  for ac t i on  by the
add that  this  is in large m e a s u r e  due to the AHFEC , USCONARC and the A r m y  Ge n e r a l
fa ct tha t  each Confe rence  has bui l t  on those Staff .which preceded it. Each Conference  has f u r -  The “ R u ss e l l  Repor t ” comes at a partic-nished a record of p rogres s  in part  a t t r i b -  ul a rl y oppor tune momen t , for it co inc ides
u t a b l e  to i ts  p r e d e c e s s o r s ,  w i th  and comp lem en t s  an i n d e p e n r i e r t i - ,For example , conside r the ve ry  theme of reached conclusion of the R o d e r i c k  Board:
this  Confe rence, ‘‘Ar my , Indust ry and the tha t  in c r e as ed emphasis  must  be placed  onSoldier ,” so ably exp res sed  b y our keyno te  hun ian f a c t o r s  f r o m  the v e r y  b e g i n n i n g s  of
s peake r , Mr . Richard  S. Mor se , U. S. Ar my
Director of Research and D e v e l op m e n t .  This the des ign  of A r m y  m a t e r i e l .  This  R o d e r i c k

Board f i n d i n g  has been approved , and i tstheme was selected by the AHFEC in response
to the  com ment of General  T rudeau  at your  imple mentation d i rec ted , by the Se c r e t a r y of

the Ar my.las t  Confe rence  that i n d u s t r y  should have in-
c r ea sed  r e p r e s e n t a t i o n  and pa r t i c ipat ion  in
these pro g ra m s . ln consequence of this guid-  P R E D I C T I O N S
ance , no less than a half-dozen of the best
pa pers on this  e x c e l l e n t  pro gram were  con- On the basis  of the above confe rence  high-
t r ibu ted  by represen ta t ives  of i n d u s t r i a l  and li ghts and re la ted  a c t i v i t i e s  o fA SA P , A H F E C
othe r contract  facilities who , I am sure , are and the Army General  Staff I f ee l  that I can
proud to consider  themselves  full pa r t i c-  p re d ic t  the fo l l owing  d e v e l o p m e n t s  a f f e c t i n g
i pat in g members  of the A r m y  R & D  team We A r m y  HFE in the f u t u r e :
are thus  assur ed that i ndus t ry  and the s c i en -  a. In g e n e r a l , t h e r e  will be i n c r e a s e d  c o n —
t i f i c  communi ty  at l a rge , as well  as the A r m y ,  c e rn  at U SCONARC with improved ~urna r
are becoming increasingly aware of the nec- factors engineering throughout the design
e s s i t y  for  p roper  cons ide ra t i on  of human c y c l e - - f r o m  the o r i g in a t i n g  of Q i a l i t a t i v e
f a c t o r s  in the design of A r m y  ma te r i e l .  Mi l i t a ry  Requirements  (QMR’s~ right through

to engineer and user test .
HFE AND THE TOTAL A R M Y  HUMAN b. More speci f i c a l l y ,  Cap tai n Hawke s ’s

FACTORS R & D  P R O G R A M  f ine  s e r i e s  of s t ud ie s , r e p o r t e d  in fu l l  (tho

As a fu r the r example of the increased  s ta t -  s u m m a r i z e d )  forrri at th is  Conference , could
ur e of ou r Co n f e r e n c e  th i s  yea r , c o n s i d e r  well  f u r n i s h  a s u b s t a n t i a l  ba si s  f o r  a new

that last year (again by General Trudeau ’s UMR for  commun icat ions  equipment devel-
gui dan ce)  y ou f i r s t  pu bl ic l y asked y o u r s e l v es o pm m nt .
the qu e s t i on : ‘ ‘What  is our prope r re la t ion  C~ Most  spec i f i ca l l y of all , upo n the invi -
to the r est of the Ar my ’s human fac tors  R & D  tation of the Chief Signal Officer , the Seven th

p r o g r a m ? ”  The exce l l en t  papers  p r e sen t ed  Annual  ~~~~I~~~~~~~~~~~~~~1ors En~~n~ & - r i n ~
at this Conference  by re p resen ta t ives  of ~~i ’ Cf l ( (  wil l  be held on 3-~~~~~iober 1
HumRRO , PRB and NTDC give evidence that at t r e  U n i v e r s i ty of M h i g i n , A n n  A r b o r ,
we must  and can f ind  a s a t i s f a c t o r y  answe r Mich ig a~~~~~
to th i s  ques t ion.  Certainl y i t is a b u n d a n t ly
clear that you cannot proper ly  conduct  your  A C K N O W L E D G E M E N T S
hu man fac tors  e n g i n e e r i n g  r e s e a r c h  and
develo pment  without full and e f fec t ive  ex- This Six th  Annua l  A r m y  H u m a n  F a c t o r s
change of in format ion  wi th  these  impor tan t  E n g i n e e r i n g  C o n f e r en c e  has been o rde r s  of
agencies.  Nor can they exp loit the i r  oppor- magnitude be t te r  than w e r e  the f i v e  p r e c ed i n g
t u n i t i es  to the fu l l  on the A r m y ’s behalf  wi th -  c onferences  in th i s  o u t s t a n d i n p  se r ies , and
out c omplete i n f o r m a ti o n  on you r human for  th is  I who lehea r t ed l y commend  all  who
f ac to r s  e n g i n e e r i n g  programs and resul ts ,  p a r t i c i p a t e d  in i ts d iscuss ions , 
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We well know that  these  s t i m u l a t i n g  cx- To Captain L . B. Mahan, Operations Officer
changes  of i n fo rma t ion  could not have been here  at Humphrey  H al l ;
so f ru i t fu l  and e f f e c t i v e  wi thou t  the superb  To M/S gt J, E. Hea ley ,  Building Custodian ,
se t t i ng whi c h was pr ovided he re  by Major  and Film and Sound Technic ians  SP/6 Bennie
General  Wi l son , Commanding Ge ne r al of the Powell , Sgt C. C. Lee and Mr . C . A. Mac-
U . S. A r m y  Eng inee r  Center  at Fort Belvoir , G r e g o r y ;  to M/S gts Stoltenberg , Hanlen and
by Bri gadier  General  Jewett , whose school Dolozik who handled the microphones and gen-
fac i l i t i e s  we enjoyed , and by Colonel Walker ’s erall y faci l i tated the notabl y smooth running
Engineer  R e s e a r c h  and Development Labora-  of the conference  work; and to Miss Mary
to r ies ,  lng ham who so cheerfull y coped with all ad-

Thi Conference des i res  specif ical ly to min i s t ra t ive  details .
record  its apprecia t ion  to those who , under To those and to the many, many others  who
such leadership,  worked so devotedl y behind handled reg istration , billeting, transporta-
the scenes for our convenience and comfort:  tion , and the fine demonstrat ion , we give a
To Mr. Jacob Barber and ~4 ajor Per ry  Tate , rous ing standing vote of thanks as we now ad-

who “ sparkplugged” the enii re  ef for t ;  journ  the Sixth Annual Army Human Factors
To Mr . Davis and Miss Mor r i s sey ,  of the Engineer ing  Conference.

ERDL Technical Liaison Office , who handled
the many problems of public information and
press  coverage of the Conference;  ADJOURNMENT

To Lt Colonel Birra , who not only arranged
our luncheons and social affairs , but even The Conference adjourned at 1545 hours on
provided coffee in the Demonstrat ion Area;  6 October 1960,
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APPENDICES

I. Roster of Conferees

II. Current  Work  Programs , Bibliographies and Biographical Directories
of Professional Personnel of U . S. Army Technical Services Human
Factors Engineer ing Act iv i t ies :

1. U . S . Army Chemical Corps

2. U . S. Army Corps of Engineers

3, U , S. Medical  Service

4. U. S. Army Ordnance Corps

5. U .S. Army Quartermaster Corps

6. U. S. Army Signal Corps

7. U .S. Army Transporta t ion Corps
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APPENDIX I
ROSTER OF CONFEREES

1. D r. Ralph S. Acke r 16. Lt Col A. F. Birra
US A r m y  E n g i n e e r  School U S AE R D L
Ft Belvoir , Va. Ft Belvoi r , Va.

2 . Mr . Ma r s ha ll D . Aiken 17 . Dr . A . H . Bi rnbaum
Signal Resea r ch  Office Personnel R e s e a r c h  Br anch
Office of Chief Signal Off icer  T he Ad ju t an t  General’s Off ice
Washington 25 , D. C. Washington 25 , D.C .

3. Mr . Robert  G, A lexander  18. Mr . Edward  W . Bisho p
USAERDL Dunlap & Assoc ia tes , Inc.
Ft . Belvoi r , Va . 429 Atlant ic  Street

Stamford , Conn e c t i c u t
4. Mr . C. W . Anderson , Jr .

Spe r ry  Utah Eng ineer ing Lab 19, Mr . Abbot t Blank
Salt Lake City, Utah USAERDL

Ft Belvoir , Va.
5. Dr . Donald Armsby

App lied P sy chology Corporation 20, Mr. Joel N. Bloom
Arl ington , Va, Engineer ing  Psychology Lab

The Franklin Inst i tu te
6. Mr. Homer  C. Babcock Philadelphia , Pa.

GIMRADA
Ft Belvoir , Va , 21 . Mr . John F . Bodenburg

US Naval Training Device Center
7. Dr . Ches te r  H. Baker Port Washington , N. Y .

De fense Research Medical Laboratories
Box 6 2 , Postal Station K 22 . Capt Philip L. Bolte
Toronto , Ontario , Canada US Army Armor Board

Ft Knox , Ky.
8. Dr . Lynn E , Baker

Human Factors Research  Divis ion  23 . Lt Col Lawrence W , Brad y
Office , Chief of Res & Dcv Materiel  Dcv Section
Washington 25 , D.C.  H q, USCONARC

Ft Monroe , Va .
9. Mr . J. L . Barber , Jr .

U S A E RD L  24 . Dr. Charles W . Bray
Ft Belvoir , Va . The Smithsonian Inst i tu t ion

W ash in gton 25 , D. C.
10. Mr . Lowell H. Barnett

USAERDL Z5 . Mr.  Charles F. Brewe r
Ft Belvoir , Va. USAERDL

Ft Belvoi r , Va.
11. Mr . Ear l  W , Bar r

Office Chief of Trans , DA 26. Dr.  Huber t  E . Bro g den
Washington  25 , D.C . Personnel  R e s e a r c h  Branch

Res & Dcv Div , DA
12 . Dr . Norman Barr The Adjutant  Gene ral ’s Off ice

General Motors Corp Washington 25 , D. C .

Detroi t , Michigan
27 . Mr. I rvin  G, Broussard

13. Lt Col George J. Bayerle , Jr.  APGC (ARDC)
Ch , Human Factors Res Div Human Factors Office , (PGTH)
Office , Chief of Res & Dev , DA E g lin AFB , Fla .
Washington  25 , D. C.

28, 1st Lt Gene L. Brown
14. Mr . R. W . Beal USA Ord Human Engineering Labs

tJSAERDL Aberdeen Proving Ground , Md.
Ft Belvoir , Va ,

29. Dr. George H . Brown
15, Col H. C, Besancon Human Resources  Research  Office

USAERDL George Washington Univers i ty
Ft Belvoir , Va. Wash ington 6, D. C,

183



______________________ -~ 
- -_

~~~~~~~~~~~ ‘ ‘

30 . Mr. Glenn L. Bryan 45, Cap t Ernes t  R . Clovis
Off ice  of Naval R e s e a r c h  US A r m y  Chemical R&D Lab
Washington 25, D. C. Army Chemical Center , Md .

31 . Mr . Rober t  G. Burge 46. Col .1. D. Cole
US Army Cml Corps Proving Ground Dir  of Res & Dcv
Dugway Proving Ground Off ice , Ch of Engineers , DA
Dugway, Utah Washington 25 , D . C .

32 . Lt Col Robert  B, Burlin 47. Mr . Victor L , Coles
Nuclear  Power Field Office USAERDL
Ft Belvoir , Va . Ft Belvoir , Va.

33. Mr . Raymond Cahill
Chrysler  Corporation 48. Mr. Dominick M. Costantino
W ashin gton , D. C, Waterv l ie t  Arsenal

Watervl iet , N . Y .

34 , Mr . J, A. Caldwell
USAERDL 49. Mr . R obe r t W , Costin
Ft Belvoir , Va. Bostrom Resea rch  Laboratories

133 Wes t  Oregon Street
Milwauke e, Wiscons in

35 . Mr . Norman Carey
Armour  Research  Foundation
10 Wes t  35th Street 50. Mr. Rober t  L. Courtney
Chicago 16 , Ill , Field Service Office

White Sands Missi le  Range
Las Cruces , N. M .

36. Mr . Charles W . Carter
Convair  Div of General Dynamics
P .O. Box 1950 51. Mr . David Coville
San Die go 12 , California Nuclear Power Field Office

USAERDL
Ft Belvoir , Va,

37 . Maj Au gustu s R . Cavanna
US Army Air Defense Board 52 . Capt Will iam E. Crouch , Jr.
Ft Bliss , Texas US Army Aviation Board

Ft Rucker , Alabama
38. Mr . Robert  F. Chaillet

NRL-CBA 53 , Mc , Richard D. Curtis
Chesapeake Beach , Mary land Raytheon Company

39, Mr . Gerald Chaikin 
Bedford , Mass.

Res & Dcv Operations 54 . Mr . Ewing 0. Davis
US Army Ballistic Missile Agency USAERDL
Redstone Arsenal , Alabama Ft Belvoir , Va.

40 . Mr . Paul 0. Cheatham 55. Dr . Ear l  Davy
Office  of Naval Research US Ar m y  Cml R&D Labs
Washington 25 , D. C. Army Chemical  Center , Md.

41 , Mr.  Gilbert Chesnov 56, Mr . Alber t  E , Decker
USA Ord Special Weapons-Ammunit ion All is-Chalmers  Co.
Command Milwaukee , Wiscons in
Dover , N. J .

57. Mr. Quinty C. DeAngelis
42. Mr. John Christian U S AE R D L

IJSAERDL Ft Belvoir , Va.
Ft Belvoir , Va.

58. Lt Col Lawrence Dellinger
43. Dr. M . L. E . Chwal ow US Army Cml Arsenal

Frankford  Arsenal  Roc ky Mountain Arsena l
Philadel phia 37 , Pa. Denver 30 , Colorado

44, Mr.  0. P. Cleaver 59. Major General W . W . Dick
U S A ERD L  Deput y Chief , Res it Dcv , DA
Ft Belvoi r , Va Washington 25 , D. C.
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60 , Mr. Neil K. Dickinson 76. Mr . Louis  B , Forman

U S A E R D L  P.O . Box 2628
It Belvoir , Va. Chrys le r  Corpora t ion

Det ro i t  31 , M ichi gan
61 . Mr . V. J . DiPaola

US Army Cml Res & Dcv Labs 77 . Brig  Gen James H . Forsee
US Army Chemical Center , Md . Commanding General

U. S. Army Medical Resea rch  & Develop-
62 . Li Col Daniel 0. Di t tmer  nient Command , OTSG

H q, US Air  Force ( A F D D C-U B )  Main Navy Blug.
W ash ington 25 , D . C. Washington 25, D.C.

63 . 1st Lt William Doherty 78 . Mr . Tho mas V . Freeble
USA Ord Human E n g i n e e r i n g  Labs U S A E R D L
Aberdeen Proving Ground , Md. Ft Belvoir , Va.

64 . Mr . 2 , E. Dorilon 79. Col P . 3. Galanti
USAERDL Exec Off , US Army Engr  School
Ft Belvoir , Va. Ft Belvoir , Va .

65. Dr . William T . Doran
Medical Di rec to r , USAERDL 80 . Capt John L. Gardne r
Ft Belvoir , Va , R esearch D ivision

Off ice , Chief of Transpor ta t ion
66 . Dr . Ral ph E. Dusek DA

US Army Quar te rmas te r  R&E Com m and Washing ton  25 , D.C .
Natick, Mass.

81 . Lt Col Tom G. Glover
67 . Dr . E , A. Eber USAERDL

US A r m y  Engineer  Center & Ft Belvoir  Ft Belvoir , Va.
Ft Belvoir , Va.

82. Mr. Louis Goldberg68. Mr . R obe r t T , E ckenrode USAERDLDunlap & Associates , Inc . Ft Belvoir , Va.429 Atlantic Street
Stamford , Conn. 83. Mr.  Donald I. Graham , Jr .

69. Mr . Oscar W , E h r r i i a n  Research  & Development Operations
Franklord Arsenal Army Rocket & Guided Missile A gency
Philadelp hia 37 , Pa. Redstone Arsena l , A laba m a

70 . Bri g Gen Wil l iam J. El y 84. Lt Col Victor C. Gray
Director  of Resea rch  USAERDL
Office , Ch of Res & Dcv , DA Ft Belvoir , Va .
Washington 25, D.C.

r 

71. Major Joseph R. Eszes 85. Mr. Sydney Greenberg
Frankford Arsena lUS Army Infant ry  Board Philadel phia , Pa.Fort Benning, Ga.

72. Mr . Eugene E . Farrel l  86. Dr . Fred E. Guedry ,  Jr .
608 Bennett Avenu e US A r m y  Medical  Resea rch  Labs
Palatine , Ill. Fort  Knox , Ky.

73 . Dr . Glen Finch 87. Lt Col Joffre L. Gueyma r d
National ‘Academy of Sciences Human Factors Research  Division
National Research  Council Office , Chief of Res  & Dcv , DA
Washington 25 , D. C. Washington 25 , D. C.

74 . Dr . Charles D, Fink 88. Mr . Chester  R . Gur ski
Human Resources  Research  Office USAERDL
George Washington U n i v e r s i t y  Ft Belvoir , Va .
Washington 7, D.C.

89. Major Ohio C. Hall
75 , Mr . John B. Forlini Mater ie l  Dcv Section

U SAERDL H q, U SCONARC
Ft Belvoi r , Va. Ft Monroe , Va,
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90. Maj Gen Step hen R. Hanc ier  104 . Mr. Kenneth A . Herbst
Deputy Chief of Eng inee rs for  Mi l i t a ry  Ordnaro  Weapon Command
Operations Rock Island , I l l .
Office , Chief of Eng ineers , DA
Washington  2 5 , D.C . 105 . Br ig  Gen R. A . H ewi t t

(Ji fice of Depu ty  Chief of Staff for Per-
91 . Lt Col V . H . Ha nnay sonnel , DA

Br i t i sh  l iaison Off icer , USAERDL Wash ing ton  25 , D,C.
Ft Be lv o i r , Va.

106. M r .  Samuel A. Hicks

92 . Major Jac k D, Hansford USA Ord H u m a n  E n g i n e e r i n g  Labs

U S A E R D L  Aberdeen  P rov ing  Ground , Md .
Ft Belvoir , Va. 107 . Mr.  J . R. Hof fman

USAERDL
93 . Mr . H , T. Harboe Ft Belvoir , Va,

U S A E R D L 108. Mr . Wi l l i a m H . Holmberg
Ft Belvoir , Va , USAERDL

Ft Belvoir , Va.
94. Mr . Frank J, H a r r i s

Operat ions Resea rch  Off ice  109. Mr . Freder i ck 3. Hoppe
Johns  Hop kin s  U n i v e r s i t y  Pacif ic  Car & Foundry
Bethesda , Md . Renton , Wash .

110 . Lt Col Frank  0. Hubbard
95 . Lt Col Henry M. Hartman Office , Chief of Transpor ta t ion

Office , As st  Chief  of Staff Res  & Dcv , DA
R e s e r v e  Components Wash ingt on  25 , D . C.
Was hi ng ton 25 , D.C .

111. Mr . Thomas D . Hug hes
96. Col L. L, Haseman Watertown Arsenal

US Army Engr Geodesy, intelligence Watertown 72, Mass.
and Mapping R& D A gency
Ft Belvoir , Va , 112 . Mr . Adol ph H . Humph r e y s

USAERDL
97 , D r .  Dean M , Havr on  Ft Belvoi r , Va.

H u man Science s R esea r ch , Inc .
1408 N , Fillmore Street 113 . Mr . Sot-ni H . Hy ler
Arl ington , Va. Le T o u r n e a u - W e s t i n g house Co.

Peoria , Ill .
98. Capt Glenn R . Hawke s

Army Medical Research Lab 114 . Capt Kenneth R. Ingold
Fort Knox, Ky. U S  Army QM R & E  Field Evaluation

Agency
99. Lt Col Thomas Haynes Fort Lee , Va.

Office, Chief of Res it Dev, DA
Washington 25 , D.C. 115 . Brig Gen Richard  L. Jewett

As sistant Commandant
100 . Major General Louis T , Heath US Army Engineer  School

Deputy Chief of Staff for Materiel Dcv Ft Belvoir , Va .
Hq, USCONARC
Ft Monroe , Va . 116 . Mr . H . T . Johnson

USAERDL
101. Mr. J. F. Hecking Ft Belvoir , Va.

USAERDL
Ft Belvoir , Va. 117 . Mr . S. Johnson

USAERDL
102 . Dr . Howard W . Hembree , II Ft Belvoir , Va.

US Army Quartermaster
RIt E Field Evaluation Agency 118. Mr . William A. Johnson
Fort Lee , Va. R ock Is land A r sena l

Rock Island , Ill .

Applications Engineering Branch 119. Mr . George W , Johnston
103. Mr . John R. Hennessy

US Army Signal R &D Labs USAERDL
Ft Monmouth , N .J . Ft Belvoir , Va,
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120. Col Charles E. Kabrich 135 . Mr . Richard G. Lazar
Di rec to r , Dept of Mech it Tech ITT Laboratories
USAES Nutley 10, N. J.
Ft Belvoi r , Va .

136. Mr . W . H. Leathers , Jr .
12 1 . Mr.  Charles Karr USAERDL

Frank ford Arsenal  Ft Belvoir , Va,
P h i l a el phia 37 , Pa.

137 . Major Eugene F. Lennon , Jr.
122. Mr.  Joseph Kaufman US Army Cml Arsenal

Office , Chief of Ordnance R&D Army Chemical Center , Md .
Washington 25 , D .C.

138. Mr . Herman D . Lerner
123. Dr. Richard  A . Kause Applied Psychology Corp.

Goodyear Ai rc ra f t  Corp 4 113 Lee Hig hway
Akron , Ohio Arlington 7 , Va.

124. Mr . Charles R. Keatley 139. Mr. Alexander Levin
U S A E R D L  US Army Quartermaster
Ft Belvoir , Va. R&E Command

Nat ick, Mass.
125 . Mr.  Max Kerchens te iner

US Army Cml Corps Engr  Command 140. Mr . M. J. Lilley
A r m y  Chemical Center , Md . USAERDL

- Ft Belvoir , Va ,
126. Dr . Barry  King

8605 Cameron Street
Silver Sp r i n g ,  Md . 141 . Mr.  Wal ter  W . Linkous

US Army Cml Corps Engineer Command
127. Lt Col Charles Kraul  Army Chemical Center , Md .

Prevent ive  Med Div , OTSG
Washington 25 , D.C . 142. Mr.  Albe r t S . Lizza

Springfield Armory
128. Mr.  Ezra  A . Krendel  Spring field 1, Mass.

The F ra n klin Ins t itu te
Ph iladelphia , Pa. 143. Dr . Max W . Lund

Office of Naval Research
129. Mr. Jacob Kreissig Washington 25 , D .C.

EW Products Division
Fort Detrick , Md . 144, Dr . J. Daniel Lyons

US Army Aviation Human Research Uni t
130. Dr.  Karl  D . Kryter P.O. Box 428

Bolt Beranek it Newman Inc . Fort Rucker , Alabama
50 Moulton Street
Cambridge 38 , Mass.  145. Mr. Samuel McCarty

Harvey Engineering Labs
131. Mrs . Moira K. LaMay 19200 South Wes te rn  Avenue

US Naval Research Laboratory Torrance , California
Washington 25 , D .C.

146. Mr . G. H. McClurg
132. Mr . H. R. Laporte OCRD Army Research  Office

Autonetic s , Division of North American Arlington Hall Station
Aviat ion Inc. Washington 25 , D.C.
9150 E. Imperial Highway
Downey, California 147, Dr. Ernest J. McCormick

Purdue Univers i ty
133. Mr . Mau r ice La r ue , Jr . Lafayette , m d .

M. P .  28

The Mart in Company 148, Mr . Francis P. McCourt
Orla ndo , Florida US Army Trans Research Command

Fort Eustis , Va.
134. Mr . L , Lawrence , Jr.

Chrysler  Corporation 149. Capt K. E. Mcint yre
P. 0. Box 1827 USAERDL
Detroi t  31, Michigan Ft Belvoir , Va.
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150 . Cal John R. McLean 165. Mr . Frederick A. Muckler
DCSPER , DA The Mart in Company
Washington 25 , D.C . Baltimore 3, Md.

151 . Col Louis L- McQuit ty 166 . Major Charles R. Myer
Dept of Psychology W 5 DMichigan State Unive r s i ty  as ington
East Lansing, Michigan 167 . Mr. John A. Nagay

Office of Naval Research
152. 1s t Lt Paul M. Maffia Washington 25, D. C.

Human Engineer ing  Laboratories
Aberdeen Proving Ground , Md. 168. Mr. L, V. Naisawald

Plans Division
153. Major John L. Masin Off ice , Chief of Res & Dcv , DA

Hq, A R D C  Washington 25 , D . C.
Andrew~ Air  Force Base . -

- 169. Mr . Richard Navar inWashington 25, D.C. USAERDL
Ft Belvoir , Va.

1~~4. Mr . H . B. Matty
RCA , Bld g 10-1 170 . Col Wallace J. Nichols , Jr .
Camden , N. J. Orgn It Tr ng Dlv, ACSRC

Washington 25 , D.C.
155. Dr . Leonard C. Mead

US A r m y  Chemical Engineer ing  Cam- 17 1 . Mr. Paul D. Oakley
mand Diamond Ordnance Fuze Labs
Army Chemical  Center , Md. Washington 25 , D.C.

156. Dr. A r t h u r  W , Melton 172. Mr. Albert M. Ohlsen
Department of Psychology Rock Island Arsenal
Univers i ty  of Michigan Rock Island , Ill.
Ann Arbor , Mich,

173. Mr. Howard C . Olson
- 1-IUMRRO157 . Mr.  Joseph R . Melville

- Fort Knox , Ky.Bell Telep hone Laborator ies
Whippany , N. ~ 174, Mr. Albert  C, Paradis

158 . Mr.  Richard E. Meyer  USAERDL
Ft Belvoir Va,Ordnance Weapons Command

Rock Island Ill, - -175. Col William R , Patterson
Concepts & Doctrine Div

159. Lt Col Ellsworth Miller Office , Chief of Trans, DA
Technical Div , ACSI Washington 25, D.C.
Washington 25 , D.C.

176, Mr.  Lee E , Paul
160. Col Phil ip H. Mitchell 135 Army QM Field

Office , Sec of Defense Evaluation Agency
W a s h i n g t o n  25 , D .C . Fort Lee , Va.

161 . Mr . I rv ing  B. Morgan 177 . Mr . Andrew C. Pierne
Off ice  of the Chief Chemical Officer , DA US Army Cml R&D Labs
Washing ton  25 , D.C. Army Chemical Center 1, Md .

162. M r . Richard S. Morse  178 , Mr . Sidney Presse r
D i r e c t o r  of Res Ii Dcv , DA GIMRADA
Washing ton  25 , D .C. Ft Belvoir , Va,

163.  Mr . Jack  Moe, 179, Mr.  Walter  H . Price
Di rec to ra te  of Re, it Dev Diamond Ordnance Fuze Labs
Office , Chief of Eng ineers , DA Washington 25 , D.C.
W a s h i n g t o n 25 , D .C.

180, Col P. S. Pyuen
164 . Li Cot Hugh A . Mozley US A rm y  Chemical Center and Cml Corp

D / M  it TE , USAE S Mate r i e l  Cominand
USAE C Ft Belvoir , Va. Army  Chemical  Center , Md.
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181. Dr . James A . Raf fe r ty  196. Mr . Hersche l  C. Self
Execut ive Research  Council , Inc . Code 183
610 Madison Street  US Naval Research  Laboratory
Alexandria , Va. Washington 25 , D.C.

182 . Lt Cal Ear l  W. Ralf 197 . Capt Jozef F. Senna
Human Factors  Resea rch  Divis ion H q, US Quar t e rmas te r
Office , Chief Res  & Dcv , DA RI tE  Command
Wash ing ton  25 , D.C . Nat ick , Mass .

183 . Capt Forres t  R. Ratliff 198. Mr . Edward J . Sheehan
H q, ARDC (RDGBL -3)  U SAERDL
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Washington 25 , D. C. 

-199. Lt Col Harry  F . Sieber
184 . Mr . A. 0. Reinhar t  US Army Si gnal Engineering Agency
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US Army Si gnal Res & Dcv Labs Arl ington 12, Va.
Ft Monmouth , N. J. ZOO. Mr.  Harold Sinclair-Smith

US Army Ordnance Detroit Arsenal185. Lt Col Herbe r t  E . Rice Center Line, Mich.

Ft Belvoir , Va. 20 1. Dr . Valdimir Sklodowski
Human Factors Eng inee r ing  Grou p

186. Lt Col Albert  L. Robinette AVCO Corp, Electronics & Ordnance Div
Office , Chief of Transportat ion, DA Cincinnati 25 , Ohio
Washington 25 , D. C.

202 . Dr . Robert  B. Sleight
187 . Mr. A. W. Rogers App lied Psychology Corp

Office of the Chief Signal Officer , Res 4113 Lee Highway
& Dcv Div , DA Arlington 7, Va.
Washington  25 , D. C.

203 . Mr . Harry  C. Smith
188 . Dr . George E . Rowland U SAERDL

Frankford Arsenal  Ft Belvoir , Va,
Philadelphia 37 , Pa.

204 . Dr. Robert  0. Smith
189. Mr . Richard  Rowland US A r m y  Air Defense Human Res Uni t

Transporta t ion Materiel  Command Ft Bliss , Texas
St . Louis , Mo .

205 . Major Robert  E. Snider
190. Mr . Ar thu r  J. Ruthe rford USAERDL

USAERDL Ft Belvoir , Va.
Ft Belvoir , Va.

206 , Dr. Ernes t  R. Sohns
191 . Dr.  R. Sada cca Te chnical Div , OACSI

Personnel  Resea r ch  Branch Room 28-478
The Adjutant  General’s Office Washington 25, D .C.
Washington 25, D.C.

207 . Mr. Solomon Sorin
192. Capt Neal W , Sanders , Jr . Frankford Arsenal

U SAERDL Philadelphia , Pa.
Ft Belvoir , Va .

208 . Mr. Edwin S. Spainhour , Jr .
193 . Mr. Benjamin Schohan US A r m y  Airborne it Electronics Board

North Amer ican  Aviation-Columbu s Div Ft Bragg,  N. C.
Columbus 16 , Ohio

209. Lt Cot Richard D . Speer
194 . Mr . George B. Schoolcraft US Army Electronic Proving Ground

USAERDL Ft Huachuca , Arizona
Ft Belvoir , Va ,

210 . Dr .  Philip I. Sperling
195 , Dr . Howard 0. Schutz US Army Medical Res it Dcv

Battelle Memoria l  Insti tute Command , OTSG
505 King Avenue Main Navy Building
Columbus 1, Ohio Washington 25 , D. C.
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Ft Rucker , A labam a Ft Belvoir , Va .

212 . Col William R . Spillman 227 . Dr. Kenneth F. ThompsonPersonnel  Re s e a r c h  Branch Human Factors OfficeThe Adjutant General’s Off ice  US Naval  Training D ev ices Cen te rWashington  25 , D .C. Port Washington , Long Island , N .Y .

2 13. Mr . Har ry  Sp r i n g e r  22 8 . Lt Col Harold A. Tidmarsh
U SAERDL US Army Trans  Research Comm and
Ft Belvoir , Va. Ft Eust is , Va.

229. Mr. Robert  L. Timoney214. Mr . Francis  W . Steng le US Army Signal Engineer ing A gencyUS Army Cml Res it Dcv Labs Arl ington Hall Station
A r m y  Chemical Center , Md. Arlington 12 , Va.

2 15. Mr . Jack J. Sternberg 
230 . Mr . Clarence L. TiptonPersonnel Research  Branch US Naval Resea rch  LabThe Adjutant General’ s Offi ce Washington 25 , D.C .Washington 25 , D.C .

216. Lt Col Robert  C. Storey 231 . Mr. Donald A. Topmiller
DSCPER , DA W r i g h t  Air  Development Command
Washington 25 , D .C. Wright  Pat terson Air  Force Base

Dayton , Ohio

217. Mr. William A, Summerson
USAERDL 232 . Mr . Richard S. Touma
Ft Belvoir , Va, Med Equipment Dcv Lab

Ft Tot ten , N . Y .
2 18. Cal W illiam A , Sundlof

CO . 79th Engr  Gp (Const)  233. Mr . Wesley S. Trindal
Ft Belvoir , Va , USAERDL

Ft Belvoir , Va.
219. Mr . Will ia m R. Sutton

USAERDL 234 . Dr . Julius tJhlan er
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220 . Mr . Eugene J. Szymski The Adjutant General’ s Office

Amer ican  Machine it Foundry Co Washington 25, D.C.
Niles , Ill.

235 , Dr . Theodore R , Valiance
221 . Major Thomas H . Tackaberry  Human Resources Research  Office

Human Factors  Research Divis ion George Washington Universi ty
Office , Chief of Res & Dcv , DA Washington 6 , D .C.
Washington 25 , D .C.

236. Adm Blinn Van Mat e r , USN (Ret)
222 . Major Perry L. Tate Human Sciences R e s e a r c h  Inc .

USAERDL 1408 N, Fillmore Street
Ft Belvoi r , Va . Arlington , Va.

223 . Mr. W . B. Tay lor 237 . Col John E . Walker
USAERDL Acting Director
Ft Belvoir, Va. US Army Re, it Dcv Laboratories

Ft Belvoir, Va.
224 , Mr . Paul H , Teare

US Army Cml Corp Engr Command 238. Mr . Norman Walker
Bld g 812 George Washington Univers i ty
Fort De t r i ck , Md . Washington , D .C.

225, Mr. Alexander N, Tedesco 239, Mr . Andrew Weber
Off ice , Chief of Trans , DA U SAERDL
Wash ing ton  25 , D. C. Ft Belvoir , Va,

_ _



_ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - - - - -

240 . Zd Lt R. Weiss 246 . Major General Walter  K. WilsonUSA Ord Human Eng ineer ing Lab Commanding General
Aberdeen Proving Ground , Md. US Army Eng ineer Center It Ft Belvoir

Ft Belvoir , Va.241 . Dr . John D. Weisz
USA Ord Human Eng ineering Lab - -

- 247 . Dr . William WokounAberdeen Proving Ground , Md . 
USA Ord Human Engineering Labs

- Aberdeen Proving Ground , Md.242, Mr . Francis D. Wesi fa l l
US Army Maintenance Bd
Ft Knox, Ky, 248. Mr . Ruland M. Wood ham

• Cornell-Guggenheim Aviation Safet y243, Lt Col Howard D. Wilcox , Jr . Center135 CONARC 468 Park AvenueUS Naval Training Device Cente r New York 16 , N . Y .Port Washington , Long Island , N.Y.
- 249. Mr . James H . Y ea r dley244 . Mr . C, E. Wise , J r . 
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APP ENDIX II

C U R R E N T  WORK PROGRAMS , BIBLIOGRAPHIES AND BIOGRAPH-

ICAL DIRECTORIES OF PROFESSIONAL PERSONNEL OF THE Ii . S.

A R M Y  T E C H N I C A L  S E R V I C E S  H U M A N  F A C T O R S  E N G I N E E R I N G  ACTIV-

ITIES.



1. U. S. ARMY CHEMICAL CORPS

U . S. A R M Y  C H E M I C A L  RESEARCH AND D E v E L OP M E N r  LABORATORIE S, A R M Y  C HE M -
~CAL C E N T E R , MA R Y L A N D

A . C U R R E N t  W O R K  PROGRAM

1. Pro g r a m  inc ludes the cont inual  r ev iew of all i tems of Chemical  Corps equi pment dur-
ing the period that these i tems a re  being conce ived , desi gned , and developed.  This  r e v i e w
co ncerns  the des i gn and reco mmended method of ope rat ion of th i s  equi pment  f r o m  the v iew-
poin t  of h u man  use . In gene ra l  th is  t y pe of r e v i e w  inc ludes  one or more of t h r e e  approaches .
The f i r s t  approach  is a labora tory  tes t  which  t y pical l y invo lves  simulated use of an i t t - r u .
The second is a f ie ld  test , usual l y pe r fo rmed  when  an item is in an ar~vanced  s tage of devel-
opment . The t h i r d  is the p rov i s ion  of c o n s u l t i n g  or ‘‘ app l ica t ion  of known p r i n c i p les ’’ se rv i ce
to equi pment desi gn e r s . A pp l icat ion of resul ts  of these  e f for t s  is in t e r m s  of 1. imp le m n e n -
ta t ion  of r e commended desi g n chan g es , 2. r e v i s i o n of wr i t t en  i n s t r u c t i o n s , 3 . n i u d i f i c a t i o n
of method of use of an item.

Date E s t i m a t e d
Projec t  E x p e r i m e n t e r s  Star ted Comp l e t i o n

a. £41- Point Source A l a r m  Dr . Ear l  Davy M a r c h  1959 Cont inu ing
Mr . Robert  Clovis

The E4l  Model Point Source Alarm is cu r ren t l y being developed to rep lace the st and-
a rd E -Z l  Model . The E Z 1  is capable of au tomat ic  operat ion for  a period of twen ty - fou r  hours .
It is n e c e s s a r y ,  however , that a re la t ive ly com plex se ries of tasks  be performed in the f ield
in o r d e r  to p r e p a r e  th is  a l a r m  for  a u t o m a t i c  opera t ion. Des ign , w r i t t e n  i n s t r u c t i o n s, and
operat ing procedures  have been evaluated and modified as a result  of a series of laboratory
tes ts , A second ser ies  of t c st s  wi l l  include field use ~‘f the alarm sys tem.

b . Field Decontamina t ion  Kit Dr . Ea r l  Davy Nov 1958 Con t inu ing

A k i t  has been developed f o r the pu r pose of pe r sona l  decontaminat ion  in the f ie ld  by
persons exposed to le tha l  chemical agents .  This  ki t  is being evaluated in t e rms  of time re-
quired to learn  to use it , ac tual  use t ime , adequacy of p r in ted  i n s t r u c t i o ns , and special  diffi-
cu l t i es  re la ted  to its use .

c . M - l 5  Rocket  P rope l l en t  Gas Dr . E ar l  Davy Jul y 1959 Jan 1961
Mask

Tests  are  being unde r t aken  on thit  mask  to de t e rmine  its compatibil i ty with Quarter-
mas te r  Corps  p ro tec t ive  c lo thing when worn  by human sub je c t s  du r ing  exerc i se .

2 . Effect  - of Mi l i t a ry  Chemica ls  on Operat ional  Tasks

A se l f - r a t i ng  scale , the  Cly de Mood Scale is being used to determine the subjective
res ponses of subjects  following the admin i s t r a t i on  of selected incapac i t a ting  agents .  To date
we h ave d e m o n s t r a t e d  d i f f e r e n c e s  of d r u g  and non-d rug  conditions in the ins tance  of two cen-
t ra l ly act ing incapaci ta t ing  compounds and we have d i f f e r en ’iated these compounds in t e rms
of resu l t s  of a d m i n i s t r a t i o n  of the Cly de Scale. A pilot vi g i lance s tud y r ecen t ly  comple ted
su gges ts -  the p oss ib i l ity  of chemical ly aug’-~ent in g  and diminishing pe r formance  level on a
vi gi lance t a sk . A s e r i e s  of compounds (candidate CW agents)  are routinely sc r eened in
human  subjects  us i ng s t andard  motor , sensory ,  ideational , and personal i ty tests .  Field t ests
of the e f f ec t s  of these compounds upon per son~ per forming complex mil i tary  tasks are  being
condu c te 1. An ope -ant  labora tory  has been set up for  the purpose of inves t igat ing dru g ef-
fec ts  on the beha .- ior  of lower animals. Future  p lans include the investigation of the use of
hypotha l i imic  stimulation in cont ro l l ing  the behavior of lower animals employe d to dete ct the
presence  of CW agents , and the d e t e r min ation of t he ef fec ts of incapa c i t a t i ng agents  up on
vis ual scann ing  behavior .
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2. U. S. ARMY CORPS OF ENGINEERS

U. S. A R M Y  R E S E A R C H  AND DEVE LOPMENT LABORATORIE S, FORT BELVO IR , VIRGINIA

A , C U R R E N T  WORK PROGRAM

1. E qui pment Evaluation

Date Estimated
Title Exper imenter  Started Complet io n

a. All-Purpose Ballastable W .H. Leathers June 1960 Jan 1962
Crawler  Tractor

In Connection with the refinement and fabrication of 2nd generation tractor  the con-
t ractor is to make human engineering studies in connection with the operation and maintenance
of the un i t  and sa fe ty  cha rac t e r i s t i c s .

b. Boilers W .J . Royall Continuing

Safety accessor ies of imp roved de sign ar e incor po rated to dec r ease safety haz a rds .

c. Close Order  Binoculars H . G. Johnson June 1958 July 1961

Performance of the operator under  conditions of disp lacement of apparent eye point
from true eye point for binocular operation is being evaluated. Comfort , wei ght and balance
factors for  the wearer  during prolonged use under  various field conditions are being studied.

d. Cranes T . Freeble Continuing

Designs  of cabs are studied for increased comfort. Reduction of operator fatigu e is
bein g invest igated thru (1)  type , location and adjustment of seat , (2) type , location of and
pressure required for operation of cont r ols , and (3) improvement in size and type of windows
in cab and reduction of glare. Ease of maintenance is s t ressed thru increased scope of main-
tenance , less man hours  required , and decrease  of safety hazards,

e. Evaluation of crawler and J.R. Bryant Aug 1959 June 1961
rubber  t i red t rac tors

As part  of the overall projec t , man machine relationships are being studied to deter-
mine per t inen t  factors for inclusion in fu ture specification revis ions .

f. Exchange Unit Mobile, .f.L. Barber Oct 1959 1962
3000 GPH

An evaluation of the man-machine relationships will be conducted in conjunction with
the engineer ing tests of the second prototype of this item of water purif icat ion equipment.

g. IR-Visible Tank Mounted C.D . Charlton May 1959 Dec 1960
Xenon Searchlight

Maintenance and module rep lacement  are s t r e s sed  in the design for high reliability
and reduced downtime . Controls in te rna l  to the tank are designed for minimal e r ror  when
operated without the aid of vision. The mechanism for mounting and locking the light to the
tank is designed for rapid operation without  the use of tools .

h Mobile Lithographic W.H. Holmberg July 1960 Nov 1960
Copying Camera

Design fea tures  involving huma n factors  c r i t e r i a  are being checked in conjunction
with the production review of the i tem.

i . Rough Terra in  Crane , 20-Ton J. K. Knaell July 1960 Dec 196 1
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Studies will be made and crane will  be modified to enhance safe ty  and maintenance
cha rac te r i s t i cs .  Engineer ing  tests  will  de termine  whether  or not safety and maintenance
charac te r i s t ics  have been improved.

j. Sawmills W . M . Royall  Nov 1960

Increased  safety precaut ions  are incorporated to decrease safety hazards .

k. U n i v e r s a l  Scrape r Hitch J .R .  Bryant  June 1960 Nov l960
for  18 cu yd , 2 and 4 wheel
towed sc rapers

The item is being evaluated and modified to simplify design and reduce manpower
re qu i rements.

1, Winterized Construction Herbert T, Harboe Dec 1959 Oct 1960
E quipment

Ease of operation and ease of maintenance on 4 items of winterized equipment (3 trac-
tors and a r oad gr ade r ) a re  being evaluated with primary emphasis  bei ng given to operation
and mainte nance of the equi pment  by pe r sonnel  encu mbe r ed by arct ic  clothing. R esult s of
this  evaluat ion wil l  be applied to f u t u r e  specif icat ions for win te r ized  equipment.

2. Supporting Research -- none.

B . B I B L I O G R A P H Y  OF P U B L I C A T I O N S  SINCE P R E V I O U S  A N N U A L  C O N F E R E N C E  - - NONE

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNE L

Barber , Jacob L., J r .,  Human Factors Engineering Coordinator , B.S. -1946, M.A . -1948;
Engineering Psychology .

Christian , John F., B .S.- l950 , Fire Protection and Industr ia l  Design.

Harboe, Herbert T., Human Factors Engineering Specialist , B.S. -19 37, Electrical Engi-
neering.

Holmberg,  Will iam H ., Pr oject E ngineer , B. S. -1956; General Engineer ing.

Main address  for all individuals is:

Director
U .S. Army Engineer Research and Development Laboratories
Fort Belvoir , Virg inia
ATTN : (The individual)

U . 5, AR MY ENGINEER GEODESY , INTELLIGENCE , AND MAPPING RESEARCH AND DE-
VELOPMENT AGENCY , FORT BELVOIR , VIRGINIA

A. CURREN T WORK PROGRAM

1. Equipment Evaluation

Date Estimated
Title Exper imenter  Started Completion

a. Automatic Mosaicker A. Anson March 1960 Nov 1960

An intensive effort  was made to ensure that the type of controls to be used in the in-
st rument cons ole , the control layout , intensity of illumination of dials and accessibility of
controls would allow maximum ease of operation.

b. Diapositive Processing R.E. Cotten June 1960 Dec 1960
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Man-machine r elat ionship~ were evaluated to determine the compatibility of human
capacity to machine capacity.  Stud y of accessibi l i t y and proper location of control valves and
leve rs is being conducted in conjunction with the Service Tes t . Ease of Maintenance Reviews
h ave indicated def ic iencies  in access ibi l i ty of rep lace able pa r t s .

2 . Supporting Resea rch  - - none.

B B IB L I O GR A pHy  OF PUBLICATIONS SINCE PREVIOUS ANNUAL CONFERENCE - - N O N E .

C . B I O G R A P H I C A L  D IR E C T O R Y  OF P R O F E S S I O N A L  P E R S O N N E L

Presser, Sidney, Human Factors Engineer - B .S.E . - 19 35 ;  M , C , E . -1937; Civil  Engineer ing.

Cotten , Ro nald E ,, Human Factors Engineer ing  Project Exper imenter , B S C E - l9 5 9 ;  Civil
Engineer ing .

An son , Abraham , Human Factors Engineer ing Experimenter ,

Mailing address for all individuals is:

Director
U.S. Army Engineer Geodesy, Intelligence , and Mapping
Resea rch  and Development Agency
Fort Belvoir , Virginia
ATTN: (The individual)
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3. U. S. ARMY MEDICAL SERVICE

C U R R E N T  WORK PROGRAMS AND BIBLIOGRAPHIES
IN PSYCHOPHYS IOLOGICAL STUDIES

A. C U R R E N T  W O R K  P R O G R A M

U .S. Army  Medical Resea rch  & Development Com m and , OTSG, Washington 25, D.C.

1. Investigation of Sound and Hearing in Relation to Per fo rmance

Internal  - U.S . A r m y  Medical Resea rch  Labora tory ,  Fort Knox , Kentucky

Date Est imated
Project Experimenters Started Completion

a. Studies of Audition M . Loeb Aug 1954 Continuing
A. Jewet t

Some work continued in determining the protect ive  effect of the acoustic reflex in the —

presence of impulsive noises . USAMRL Report No. 396 shows that activation of the acoustic
reflex in the presence of machine gun firing noise gives protection averaging 10 db for fre-
que ncies of 1000 cycles  or hi gher . A comparison of the at tenuat ion of noise provided by the
V-5lR earplug and the acoustic reflex is described in U SAMRL Report No. 397 and shows
that the attenuations are roughl y comparable. Two studies , USAMRL Report No. 404 and 409 ,
indicate that the attenuation provided by the acoust ic  reflex is great for loud sounds and very
small for faint sounds.

During the year , studies of animals began , aimed at determining the relation of fre-
quency, intensity, and other noise propert ies  to temporary and permanent auditory damage.
This work  continues .

A stud y on the monitoring of auditory signals continued through the year . It was f ound
that  reactions to audi tory signals were slowed as a funct ion of time on task , but that feedback
of information, whethe r true or false, reduced errors and decreased response time.

-

b. Effects of Over-stimulation M. Lawrence May 1955 June 1961
and internal factors on the Michigan
funct ion  of the inne r ear

Two cases of revers ib le  deafness associated with hypothyroidism were studied. His-
tological studies on h ypothyroid chicks showed a reg ion of edema below the sensory  cells and
above the supporting cells in the acoustic papilla.

An extensive stud y of the inner ear of a woman who died of other causes after suffer-
ing f rom Meniere ’s syndrome was made. There was evidence that the ductus-cochlear is  had
been ove r distended by an excess of endolymph and that its rupture had been followed by pa r-
tial repair.

The effect of middle ear surgery upon the response of the inner ear was reviewed .

c. Measur ement of Noise of K.D. Kryter July 1958 July 196 1
U.S . Army Weapons Cambridge,

Mass.

A brief description of the various characterist ics of impulse noise that may contrib-
ute to hearing defects  was made. Methods of creating impulse-type noise (simulated gun
blasts) that provide independent control of rise time , duration and peak level were outlined .
Prel iminary attempts have been made to plan and devel p a flexible impulse noise generator .

d. Effects  of pract ice on R . Bixler - Aug 1959 July 196 1
sensory discr iminat ion M . Loe b,

Louisville
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A sound deadened chamber was constructed. Subjec ts  hav e t r acked g iven f r e q u e n c i e s
in quiet and in whi te  noise under d i f f e r e n t  i ncen t ive  condut ion ~ . Data are being ana ly zed to
deter mine whether subj ects  can d i sc r imina te  between low f r e q u e n c y  physiolog ical noise and
low f requency  signals.

Date Est imated
Project Expe r imen te r s  Started Completion

e . Localization of sound 1. Hirsh - Jan 1960 Dec 1960
in depth J .L. Fle tcher ,

St. Louis , Mo.

No data reported yet.  Study was initiated too recently.

2 . Vision and Perception in Relation to Performance

Internal - U .S. Army Medical Research Laboratory,  Fort Knox , Kentucky

a. Studies of Visual G. Harke r March 1956 Continuing
Function W. Gogel

R . Bailey
E. Wist

Considerable work has been accomplished during the year in evaluating the contribu-
tion of cyclorotation of the eyes to the perception of a slope which is in the straight line of
sight. Among the difficulties in pursuing this line of investigation was the probability that
measures used in the past have unknowingly included an element of perceptual er ror  in addi-
tion to actually measuring cyciorotation. Work here has been aimed at clarif ying or identi-
fy ing this perceptual factor  and good progress has been made (USAMRL Report No. 419).

Lib ra ry  resear ch has been completed pursuant  to looking into the effects of ultra-
violet and ionizing radiation upon dark adaptation , with the dark adaptation considered as a
possible indicator of exposure to electro-magnetic radiation outside the visible spectrum.

Work  on visual perception continues , with this year  bringing fur ther  development of
the interdependent roles , in vis ion, of retinal disparity cues , convergence function, and ac-
commodative funct ion.  Resea rch  is beginning again on the problem of relating familiar size
of objects to perceived depth , with the aim of f u r t he r  integrating these cues in a single theo-
retical formulation.

External  -

b. Psychophysiology of D.B. Lindsley Sep 1956 Aug 1961
perception UCLA

Studies have continued on the perceptual blanking phenomenon. Materials readily
perceived after brief exposure ( lOmsec)  are not perceived if the f i rs t  informational flash is
followed by a second more intense non-’inforrnational flash of brief duration (10-25 msec) .
There is no interference or blank out if the interval is 45 msec or over . The temporal as-
pects of visual perception are further  studied by coupling these limits of interference with
th e la tencies of evoked potentials from the visual area of the brain in human subjects.

c. Perceptual and Physiological W , Cohen June 1957 June 1961
Aspects of Uniform Visual
Stimulation

No data have been accumulated this year while principal investigator has been on leave
of absence. Studies will resume in the fall of 1960!

d. Fluctuations in Night Visual E.P. Johnson June 1957 Aug 1960
Acuity Colby

Data have been statistically analyzed preparatory to final report expected about Octo-
ber 1960.

e. Spectral Sensitivities of L. Riggs July 1958 Aug 1960
Intra-ret inal  Potentials Brown
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Two types of response functions in small  r e t ina l  a reas  have been i d e n t i f i e d . Us ing  the
stopped-image ’’ technique , spec t ra l  s e n s i t i v i t y  curves  were  obta ined for  i so la ted  a reas  of

the re t in a .  Differences in the Sens i t i v it y  c u r v e s  were  too small for adequate interpretation .
F u r t h e r  exper imen ta t ion  indicated r ecep tors  for pa r t i cu la r  wave - l eng ths , and mat ~in g ex-
pe r iments  are p lanned to follow up these findings for clarif ication .

Date Es t ima te~
!roJe~! Exper imenters  St a r t e d  Com_pietion

f . Sp e c t r a l  Sensi t iv i t ies  for  J. Krauskopl Sep 1960 Aug l9u1
Small Retinal Areas R u t g e r s

This study has jus t  been init iated and will be a fu r the r  extension of the t e r m i n a t i n g
stud y under  R iggs .

3. Improvement of Control  and_Coordination in Performance

Inter nal - U .S . Army  Medical Research Laboratory,  Fort Knox , Kentucky

a. Psychomotor Studies M . H e r b e r t  July 1956 Continuing
L, Caldwell
W, Evans

The d r i ve r  fatigu e studies have been under  way dur ing  the y e a r . Tw o large scale f ie ld -
operations of three  months and six weeks , respect ively, involving over 400 men , have been —

completed , and preparations are in p rogress  for a summer  stud y. The vast  amount of data
acc umu lated  has been organized and sent to the computer  but has not yet been processed.
Considerable p rogress  has been made this  year , in both methodology, and in actual r e s e a r c h .

In biomechanics, a completed study (IJ SAMRL Report No. 4 1 1 )  cont inued the work on
the effec ts of var ious  bod y lever age combinations on force  output of the hand and arm.  This
s t ud y  de t e rmined, in t e r m s  wh ich  are  general izeable , the ef fec t of hand cont rol po si t ion or .
force  output of the hand. It was found that the most important single factor v~as distance of
the co n t ro l f r o m the bod y. More recent l y begun studies are carry in g this work  into a con -
sider ation of the fac tors  inf luencing sustained,  r a the r  than peak , output , thus br inging fa t i gue
into prime emphasis . Work  in this area will include the effects  of drugs  on sustained out put .

Other recently begun work aims at assayrng  drug and biomechanical factors  in certain
motor ta sks , p r imar i ly in animals at this stage.

External -

b. Certain Ph ysiological  R .B. Malmo June 1955 July 1961
Correlates  of Psychomotor  McGill
Functioning

Exper iments  were  conducted exp loring the relations between the var iables  of task
complexity , performance level and activation level . Pre l iminary  analysis  ind ica ted  that whi l e

W increasing the task complexity by division of set (instructing the subject to be ready to shift
from sing le to double t racking)  may reduce per formance  level without p roduc ing  any chari ~ t
in ac t iva t i on , actu ally increasing the task difficulty (b y a ctually sh i f t ing  the subject  f rom
si ngle to double tracking) may produce a significant rise in activation level. First d raft  of a
paper dealing with all the sleep-deprivation findings is in preparation.

c. Retention of Tracking A .W . Meltori Jan l9 5~ June 1961
Skills Michigan

Attempts to make the BE TA function properly have been unsuccessful .  An a l ternat ive
electronic tracking equipment is being obtained. Pending empirical studies , a liter a ture  search
on the retention of tracking skills and related perceptual-motor skills has been conducted .
An integrative review of previous research is in preparation.

~~~~~~ 4. Motivation and Balance in Relation to Performance

Inte rnal - U.S . Army Medica l  Research  Laboratory , Fort Knox, Kentucky

a. Studies of Vestibular F. Guedry July 1956 Continuing
Functions G. Crampton

W , Collins
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A st ud y of the Coriolis ves t ibu la r  phenomenon ’ in man has d e m o n s t r a t e d  a sys temat ic
re la t ion sh ip between the e f f e c t i v e  r e su l t an t  Cor ioli s  coup le and, t he magn i tudes  of the subjec-
tive and oculomotor aspects  of the v e s t i b u l a r  reac t ion . The m a g n i t u d e  of i n a p p r o p r i a t e
“ Joys t i ck”  co r r ec t i on  to be anticipated in attempts to r ecover  f r o m  th is  source  of d isor ien-
ta t ion  (“ ver t igo ”)  has also been es t imated  by th i s  st u dy.

A stud y of hab i tua t ion  to angula r  a c c e l e r a t i on  in ca t s  has demons t r a t ed  that  wh i l e  a
reduct ion in nyst a gmus can be par t ia l l y ove rcome by al e r t ing  s t imul i  such as e l e c t r i c  shock
and au di tor y s t i m uli , n e i t h e r  of these  is su f f i c ie nt to b r in g the nystagmus back to i t s  o r i ginal
i n tens ity .  Ves t ibu l ar  hab i tua t ion  is probabl y no t a t t r i b u t a ble solely to a loss of a l e r tnes s .
Exper i ments  invo lv in g  su rg ica l  a l t e r a t i o n  of the c e r eb e l l u m  are be ing  conducted to a s ce r t a i n
the importance of neuro-anatomical  s t r u c t u r e s  to the ves t ibula r  habituation process .

Ex per iments  on man show that  ocular  nys tagmus  velocity inc reases  like sub jec t ive
velo ci ty  but whereas  the l a t t e r  decl ines  a f t e r  about  30 sec of s t imulation, the forme r main-
tains magnitude un t i l  the s t imu lus  t e r m i n a te s .  The d iver gence of these two aspect s  of the
v est ibu la r  react ion may be of s ign i f i cance  in clinical neurology.  The sub jec t ive  e s t ima t ing
techni que used has the added value of keeping the subjec t a l e r t , whi ch prevents  in t rus ion  of
wande r ing  unsys temat i c  eye movements .

Ex per iments  on the modif ica t ion  of the quan t i t y  and quali t y of nys tagmus  dur ing  con-
t r ol led ves t ibu lar sti mulat ion by ass igning var ious  mental tasks to human subjects  have been
completed. Mental ac t iv i t y was shown to have a powerful  inf luence  on nys tagmic  output.
Techniques  be ing  developed will  se rve  to increase precis ion of fu tu re  experiments  and even-
tual l y of c l in ica l  evalua t ion  of the ve s t i bu l a r  sys tem .

The influence of visual  stimulation on ves t ibu la r  nys tagmus  and perceptual  phenomena
ha s bee n com pleted . This study shows that whereas a brief  period of visual  st imulation in-
t roduced  du r ing  a moderate  ves t ibular  reaction is suf f ic ien t  to c o r r e c t  the perceptual impres-
sion of apparent  rotation with respect  to the ea r th , the nys tagmic  react ion is onl y in te r rup ted
during the visual s t imulation and recovers almost completely after  t e rmina t ion  of the visual
st i m u l us .  The resul ts  also bear upon habituation to ves t ibular  s t imulat ion in humans .

The ab i l i ty  to adapt to living in a cont inuousl y rotating envi ronment  was studied at the
U . S. Naval Air  Station , Pensacola , Flo r ida , in seven men in an exper iment  conducted in co-
operat ion with the U . S. Naval School of Aviat ion Medicine Research  Depar tment.  Resu l t s
showed that most subjects adapted , apparently sati sfactorily , to a rotation scale of 5.4 rpm
althou gh all subjects  except one were s i ck to  the point of vomiting within the f i r s t  twelve hours
of the s ix ty - f ive  hour run . By the last day the ves t ibu la r  Coriolis  percep tua l  phenomenon and
the nystagrnus normally el ic i ted by head movements  was greatly diminished . Af te r  the run
was comp leted , head movements elicited nystagmus and subjective reactions of compensatory
nature .  These resul ts  bear on the habituation of human subjects to stimulation very similar
to th at ant icipated in several  mili tary environments .

External - None

5 . Special Sensory Functions in Relation to Per fo rmance

Internal - U.S. Army Medical Research Laboratory, Fort Knox, Kentucky

Date Estimated
Project Exper imente r  Started Completion

a. Studies in Vibration 0. Hawkes Aug 1957 Continuing

Cons ide rab le  work  in communication by e lec t r ica l  stimulation of the skin of humans
occurred.  Absolute ident i f icat ion of two cu r ren t  in tens i ty  levels by the skin was shown to be
feas i ble , with 87% accuracy shown when three intensi ty  levels were u~ilized . Furthe r work
on pain and tolerance l imits of the skin to current  intensity revealed that intensi t ies up to
pain and to lerance limits could be used reliabl y for communication purposes without undue
emotional reaction by the subject.  More recent  work investigates the role of stimulus dura-
tion in electrical st imulat ion of the skin, It was found that duration judgments for cutaneous
s t imulus  were  as accurate as auditory jud gments and as reliable as audi tory  or visual jud g-
ment s . Fu r the r  ref inement  of basic psychophysical laws were experimentally der ived dur ing
the year .
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Date Es t ima te
Project Experimenters Star te-1 Comp le t io n

b. Neura l  C o r r e l a t e s  of D .R.  Ken sha lo  Dec 1955 Aug l %l
The rma l  Sensa t ions  Fla State

E lec t roph ysiolo gical techniques a re being used in exp lor i ng the t h e r m a l  s e n s i t i v i t y  of
the co r nea in the ca t , p r e p a r a t o r y  to us ing i n f r a-r e d  r ad i a t i on  on hu m an s u b j e c t s . r ) a t a  on the
wa rm and cool thresholds  as a function of the adapting t e m p e r a t u r e  in humans has been gath-
e red and remain  to be related to data f rom prior  stud ie s .  The c r u c i a l  tes t  to de t e rmine  wheth-
er rece ptivi t y is located in neura l  endings  or due to mechan ica l  d i s t o r t i o n  in vascu la r changes
remains to be done ,

c. Subjec t ive  in t ens i ty  Funct ions  F.N . Jones Sep 1958 Aug 1960
in Somes- thes is  C a l i f o r n i a

Previou s di f f icul t ies  wi th  equi pment  w e r e  reso lved  wi th  the pe r fec t ion  of an electron-
ically controlled to uch s t imulator , control circuits , and monitor . The calibration of a new
semi- conductor thern io  coup le j u n c t i o n  fo r t empera tu re  s t imula t ion  was worked  out . Subjec-
tive magnitude funct ions  for  touch were  studied . It was conc luded  that ra te  of s t imulus  move-
ment , ove r the range studied , was not a good s t imulus  dimension fo r  purposes  of magni tude
e s t i mation , and that the sub jec t s  judged the in tens i ty  of the touch  s t imu lus  according to the
depth to which the skin was d i sp laced .

d. Psycholog ical Influences of R .C . Davis Sep 1959 Aug 1961
Cas t ro - In t e s t i na l  Ac t iv i ty  India na

The e f f ec t s  of ce r t a in  e x t e r n a l  condi t ions  upon g a s t r o - i n t e s t i n a l  a c t i v i t y  h a v e  been
studied by the method of r eco rd ing  from external electrodes on abdominal sites , It was found
that gastro-intestinal a ct i v i t y i n c r e a s e s to a maximum within an hour a f t e r  eating and in a
res t ing  state declines to a minim-~mn 3-6 hours  l a t e r , remaining at that  level  for  15-20 hours
at least. Bodily position changes gas t ro - in tes t ina l  ac t iv i t y a s does ce r ta in  cogn i t ive  ac t iv i t i e s ,

6 . Integrat ion of Complex Funct ions

Internal - U.S. Army Medical Research Laboratory, Fort Knox, Kentucky

a . Studies of Complex Be- W . Gogel Sep 1958 Cont inuing
ha vio ral P rocesses  I , Behar

C, Ha w kes
T . Cadwallader

Primate research was delayed by the depar ture  of a p r imary  inves t iga tor  and inabil i ty
to replace him un t il late in the yea r . A stud y of visual d i s c r i m i n a t i o n  in pr imates  showed
that d i scr imina t ion  of the ed ges of two- inch  cubes is supe r io r  to d i s r im ination of the cube
f aces , with color as the discriminable cue. A recent study of the p e r f o rma nce of r h e s u s
monkeys on object-alternation problems shows four  sources of d i f f icu l ty  in lea rn ~n g these
complex problems;  ( I )  low ini t ial  probabi l i ty  of select ing cor rec t  response , (2) diff icul ty in
suppress ing  competing responses , (3)  def ic i ts  in v isual  d i sc r imina t ion , ( 4) f o r c e d  delay in
the response.  Recently begun are a ser ies  of s tudies  on monkeys aim,~d at de l inea t ing  cor-
tical mechanisms important in visual d iscr iminat ion ,

Planned research into the effects of pyriform cortical lesions on animal behavior has
been slowed . There has been considerable d i f f icu l ty  in cons t ruc t ing  complex e lec t ro nic con-
di t ioning equi pment; th i s  seems virtually overcome. More important , another problem pre-
viously thought to be irrelevant , the role of the type of metal in the surgical electrode , has to
be sohed, Recent work indicates that copper may cause larger and more enduring lesions
tha n s teel  or si lver .  W o r k  now underway will give in format ion  on th i s .  Once these problems
are settled , controlled work will again be takenup on conditioned behavior in r elat ion to b ra in
le sion.

Final studies on subtasks c1~’sed during ~he prior f iscal  year  are:  ( 1)  a study of human
decision behavior which shows that increasing the number of response categories in a choice
si tuat ion resu l t s  in a relatively grea ter  nun~~ c-I  choices of the most frequently presented
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st i mulus , and ~~) a co l lect ion  of b ib l iog rap hic m a t e r i a l s  conce rn ing  mechanica l  v i b r a t i o n  and
~t s eif ’cts on hurn ,cn~ .

L ) a t e  E s t i m a t e d
Project E x p e r i r c i - r i t e r s  ~t ar t e d  Comp let ion

E x t e r n a l  -

b . Fac to rs  Influencing Comp lex R , H . Hen neman ~.lay 1 954 -lep 1960
Dec i s ion -  Making Behavior  Virgin ia

A numbe r of se parate experiments  us ing task sequences  of wide l y d i f f e r in g charac ter -
i s t i c s , have shown tha t  recal l  pe r fo rmance  p r o g r e s s i v e l y d e t e r i o r a t e s  with p rog res s ive  in-
c r ea ses in s to ra~ e load , and whe n s torage load is held cons tan t , pe r fo rmance  s y s t e m a t i c a l l y
im p r o v e s  w i t h  i nc reases  in load reduct ion , O the r  e x p e r i m e n t s  have  been largel y con c e r n e d
wi th  ti ~e e f fec t s  of s ev e r a ’  t ra in ing  var iab les  ( f r equency  of p re sen ta t ion , de gree  of d i s to r t ion ,
k n u w i e d ge of r e s u l t s )  upon success  of subsequent  ident i f icat ion of s t imul i  at various levels of —

ambigu i ty .

c. Context Ef fec t s  in W .E . Kappauf Jul y 1957 Sep 1960
Psychophy sical Judgments Illinois

Rev iew  of the l i t e r a tu r e  has been extended to include t r i a l - t o - t r i a l  dependencies  in
psychophys ica l  s tud ies .  An aut omatic programmer  has been developed for  use in studies of
the di sc r imina t ion  of audi tory  durat ion and audi tory loudness . A quan t i t a t ive , rational anal-
y s i s  of s e v e r a l  psychoph ysical  methods has been conducted to de te rmine  the e f fec t  on adequacy
of th reshold Iet e r r n ina t i ons  of size of s t imul i  steps in a comparison se r ies .  Ano the r  s e r i e s
of st udies  focussed on the conditions which influence context e f fec t s .

d. E x t r e me Env i ronmen t  & A.J. Riopelle Feb 1960 Jan 1961
Comple x Pe r fo rmance  Yerkes  Labs
in P r i m a t e s

No repor t  has been received to date since contract study was initiated only this year .
Among the various e x t r e m e  env i ronments  which w iU  be studied will be high intensi ty  noise.
Fur ther  anal ysis  will  be a t tempted in regard  to the m -’chanismn s of the ac oustic reflex.

B . BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT
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f Caldwe l l , Lee S. The effect  of foo t - res t  position on the s t rength  of horizontal pull by the
hand. U S A M R L  Repor t  No . 423 , 1960 .

Cram pton , C. H. Effects of the arousal reaction by nystagmus habituation in cat. USAMR L
Repor t  No . 434 , 1960 .
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Report  No. 435 , 1960 .
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Davis , R . C., Garafolo , Loraze , and Kve im , Kolbjrn . Condit i on s a s s o c i a t e d  with gastro-
intest in al act ivi ty.  .1. Comp. ari d ph ys iol . Psychol .,  1959 , 52 , 466-475.

Henneman , Richard  H . Condit ions inf luencing choice behavior in multip le task s i tua t ions .
Sixth Annual  Repor t , January  1960. (Cont rac t  No. D A -4 9 - 00 7 -M D - 53 7 .)

Henneman , R. H. and Rh y-ne , R , L. Conditions determining the identification of ambiguous
visual  s t i mul i :  I. The role of f r equency  of st imulus ser .ta t ion . SGO Technical  Repor t
537-59-4,  Un ive r s i t y  of Virgin ia , December  1959.

Jones , F. Nowell . Subjective intensi ty funct ions in somesthes is .  P rogress  Report , Jan-
uary 1960 . (Contract No . D A -4 9- 00 7 - M D- l O O l .)

Kappauf , Will iam E. Context e f fec t s  in psychophysic al judgments .  Progress  Repor t ,
January 1960. (Contract No. DA-49-007-MD-877.)

Kenshalo , D. R. and Nafe , John P . Neura l  Correla tes  of the rmal  sensation. P rogress
Report , Janu ary 1960 . (Contract  No. DA-49-007-MD-683 .)

Kenshalo , D. R., Nafe, John P., and Dawson , W . W. A new method for the investigation of
ther ma l sens i t iv i ty. Jour. of P~ ychol ., 1960 , 49, 29-4 1 .
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Kr y t er , Kar l  D. and Ball , Jay. Controlled generat ion of impulse sounds. Pro gress  Re-
port , February  1960. (Contract  No. DA-49-0 0 7-MD- 98 5 .)

Lawrenc e , Me rle. Acoustic  e f fec t s  of middle ear subs t i tu t ion .  • Trans. Amer. Acad .
Ophthalmol . and Otolaryngol.,  in press. —

Lav.rence Merle . Applied physiology of middle ear sound conduc t ion .  This and resu l t an t
disc uss ion appears  in the report  of the Workshop on R e c o n s t r u c t i v e  Ear  S u r g e r y .
Arch .  of Otola ryngol ., in p ress .

La w r e n c e , Merle .  Pathology of the mnembr anous labyr in th .  Par t  Ill of the ef fec t  of in-
t ense  v ibra t io n. U S A M R L  Report  No. 358 .

Lawre nce , Mer le , The ef fec t  of overst imulation and internal f ac to r s  on the funct ion  of
the i nne r ear . P r o g r e s s  R epor t , January  1960. (Con t rac t  No. D A -4 9 - 0 0 7 -M D - 6 34 .)

L a w r e n c e , Merle , Bur ton , Robert  D. and Wo lsk , David . Aco us t i c s  of the opened per io t i c
ves t ibu le . A r c h . of Otolaryngol ., 69: 449-456 , April 1959,

L a w r e n c e , Men , and McCabe , B. F. Inner ear mechanics and deafness: A special con-
sideration of Menj e re ’s disease.  Jour . Amer .  Med. Assoc ,, 171 (Dcc):  192 7-1932 , 1959.

L a w r e n ce , M e r l e , Woisk , David and Bur ton , R , D, Sti mulation dea fnes s , cochlea r pa t te rns ,
and si gni f icance  of e lec t r i ca l  recording methods.  Ann . OtoL,  R hinol . and Laryngol .,
68: 5-33 , 1959.

L inds l ey ,  Donald B, Psychophysiology of percept ion.  Progress  Repor t , January 1960 .
(Cont rac t  No. DA-49-007 -MD-722 ,)

L in d s le y ,  Donal d B. and Emmons , William H . Perceptua l  time and evoked potentials.
S c i e n ce , 1959. 127 , 1061 .

Lloyd , K. E ., Re id , L . S. and Feal lock , J . B. Short Term retention as a fu nction of the
a v e r a g e  numbe r of i t ems  p r e s e n t . J. e xp. P sychol . ,  in p r e s s .

Lloy d , K. E . ,  Reid , L.  S . and Feallock , 3. B . Shor t - term retent ion in sequent ia l  t a sk  per-
for mance:  I. R e t e n t i o n  as a func t i on  of average storage load. SGO Technical Report
5 3 7 - 5 9-3 , U n i v e r s i t y  of V i r g i n i a , August  1959.

Malmo , R obert B . Act iva t ion : A neuropsychological dimension. Psychol . Rev ., 1959, 6 ,
367-386 . - -

Malmo , Robe r t  B. Cer ta in  Physiological correlates of psychomotor func t ion ing .  P r o g r e s s
Repor t, January 19f.0. (Contract No. DA-49-007-MD-626.)

Melton , Ar thur  W . Reten t ion  of t r a c k i n g  skills . Progress  Report , December 1959. (Con-
t rac t  No. D A -4 9 - 0 0 7 - M D - l O Z O ,)

Montagu e , W E . St imulus general izat ion in comp lex verbal behavior.  SGO Technical
Repor t  537- 59-2 , Unive rs i ty  of V i rg in i a , May 1959.

Proctor , C,A , and Lawrence , Merle , The development of the sensory cel l  innervation of
the inner  ear . U niv . of Mich.  Med. Bull., 2 5 :  3 7 - 4 8, 1959.

Reid , L. S. and Montague , W . E. The definition of response in complex verbal behavior.
SGO Technical Rep ort  537-59-1 , U n iv e r s i t j  of Virginia , May 1959.

Riggs , L. A. Spectra l  sensi t iv i ty of small retinal ar eas . Progress  Report , March 1960 .
(Contract No, DA-49-007-MD-97 9 ,)

Ritter , F. W. and Lawrence , Merle. Reversible deafness in human hypothyroidism and
correlated changes in the chick inner ear . Submitted to The Laryngoscope.

Wil co tt , R. C. Silverman-Powell index of sweating vs . skin conductance and a humidity
index of surface moisture . J. comnp. Physiol. !sychol ., 1959, 52 , 3 3-36 .

Wolek , D. The loudness DL under vary ing rates of intensity change, Ph.D. Dissertat ion,
U n i v e r s i t y of Michigan Library,  1959. 

- —

Yantis , P. A. Clinical applications of the t emporary  threshold shift. Arch . of Otolaryngol.,
78: 779-787, 1959. — _______
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C . BiOGRAPHICAL D I R E C T O R Y  OF PROFESSIONAL PERSONNEL

U. S. Army Medica l  R~’search & Development  Command , W a s h in g t o n  25 , 0. C.

S P E R LIN G , PHILIP 1., R e s e a r c h  Psycholog ist ;  PhD , U n i v e r s i t y  of Michigan , 1949, Re-
sea rch A d m i n i s t r a t i o n .

U.S . A r my  Medical Re sea ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BAILEY , R O B E R T  W ., Capt., MSC , R e s e a r c h  Optometr is t ;  MS , Ohio State U n i v e r s i t y,
1958. Vj aion .

BEHAR , ISAAC , R e s e a r c h  Psycholog ist ;  PhD , Emory U n i v e r s i t y ,  1959. Pr imate  Research .

CADWALLADER , THOMAS C,, l/Lt., MSC , Research Psycholog ist; PhD, University of
Buffalo, 1958. Physiological Psychology.

CALDWELL , LEE S., R e s e a r c h  Psychologis t ;  PhD , U n i v e r s i t y  of Kentucky,  1955 . Bio-
mechanics .

COLLINS, WILLIA M E ., li L t . ,  MSC , R e s e a r c h  Psycho log i s t ;  PhD , Fordham U n i v e r s i t y ,
1959. Vest ibular  Psychophysiology.

CRAMP TON , GEORGE H ., Capt., MSC , R e s e a r c h  Psychologist , Chief , Proprioception
Branch; PhD , Un iver sit y of R oches ter , 1954 . Ves t ibul a r  Functions.

EVANS , WAYNE 0., l / L t ., MSC , Resea rch Psycholog is t ;  PhD , Duke Univers i ty , 1959.
Psychopharmacology .

GOGE L, WALTER C., Research Psychologist. Chief , Comp lex Processes Branch; PhD ,
University of Chicago, 1951. Vision.

GUEDRY , F R E D  E .,  J R . ,  Research  Psychologist , D i rec to r , Psychology Division; PhD ,
Tulane University , 1953 , Ves tib ul ar  Psy cho physiology.

HARKE R , GEORGE S., Resea rch Psychologis t , Chief , Vision Branch;  PhD , Univers i ty of
Iowa , 1950. Vision.

HA W KE S, GLENN R .,  l/L t ., MSC , Research Psychologist; PhD, University of Virginia ,
1958. Physiological Psychology.

HERBERT , MARVIN J., Resea rch  Psycholog is t , Chief , Psychomotor Branch; PhD , Uni-
v e r s i t y  of Minnesota , 1953 . Motor Skills.

JEWETT , A R T H U R , l / L t ., MSC , Research  Psychologis t ;  BA , U n i v e r s i t y of Rochester ,
1954. Audit ion.

LOEB , MICHEL , Resea rch  Psychologist , Chief , Audition Branch; PhD , Vanderbilt LJni-
ye rs ity, 1953, Auditory Functions.

WIST , EUGENE R . ,  l/ L t . ,  MSC , Research  Psychologist; PhD , Univers ity  of Missouri ,
1960. V i,ion ,
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4. U. S. ARMY ORDNANCE CORPS

1. U.  S. A r m y  Ordnance  Human Eng inee r ing  Laboratories , Aberdeen Proving Ground, Md.

A . C U RR E N  WOR K  P R O G R A M

1 . Supporting Research

The Support ing R e s e a r c h  Labora tory ,  with  t h ree  br anches , i i p e r v i s e s  or conducts
basic research to resolve human f a c t o r s  problems in the areas of: sensory  inpu t s , prt-~~om-
irtately auditory and visual , but includin g o ther  sense  modal it ies ;  human  outputs  p redomina te l y
in work fatigue; and abnormal  or unusua l  env i ronmen ta l  e f f ec t s . The H E L  suppor t ing  r -  ar ~p rog ram has been divided into f i v e  general t echn ical a r ea s :  i .e ., noise and blast ;  f i r e  con t ro l ;
v ig i l a n c e ;  r a d a r ;  and vehic le  confinement e f f ec t s.  The program has the fo l lowing  c u r r en t
tasks ,

Date Est imated
Project  lt~xperimenter~ St a r t e c  Completior

a. E f f e c t s  of Weapon Sy s t e m s  A.A. Woodward  Dec 1959 Cont inuing
Created Environmental
Stresses on Crew Per-
fo rmance

This task was initiated to study the effects of environmental stresses on re~ elf:-
ciency. The study will incorporate the e f f e c t s  on hun - an s e n s o r y  an d psy cho m otor pe rf or mance
as - 1 ated to efficiency. Studies on thermal exchange, noxious runn- s , odo r s , and air poiuuo:-
are planned  f or FY 61.

b. Vigilance R. Karsh June 1959 Continuing
S. Glucksberg

This  task was in i t ia ted to determine the re la t ionsh ip  be twe en  basal ski n c o n d u c t a n c e
and v ig i lance  behavior . A mul t i -phased  in-house r e s e a r c h  stu U ~- has been planned an~ par-
t ia l ly ac~ r n p l 1~.ne:1 . Among other r e s ult s~ an ea r l i e r  stud y showed tha t  the re  is si g n i f i c a n t
r e l a t i o n s h i p  betwee n galvanic ski n res i s tance  and attention level when a given type  of in te r -
si gnal in te rva l  is used , C u r r e n t  and fu tu re  s t u d ie s  are  a imed at d e t e r m i n i n g  t~~e f eas ibd i tv
of the develo pment of an automati  feedback  system w h i c h  could be u s e u  as part of a weapon
s y s t e m  to a le r t  a monitor of a degree of vig ilance below a p r e s c r ib e d  level .

c. Noise Measurement  of R . Donl~ v Oct 1955 Continuing
R & D  I tems G. Golds t oneI ~ G. Smith

This task was initiated to measure and determine the noise associated with the oper-
atio n of Ordnance d -ve loped  items in the prototype phase. A general methodology of m e a s u r e-
ment, frequency band analys is , and noise source isolation has been  es tab l i shed .  The objec t ive
t~~ to isolate and identify noise sources  whose in t ens i t i e s  and f r eq u e n c i e s  have been found to
i r i t e r i e r e  wi th  voice communication and cause nausea , t inn i tus  or o t h e r wi s e  a f f e c t  th~ elli-
ciency of operating personnel. During FY 60, noise analysis of the Tll3 a na  M 1I 3  pilot pro-
duction model APC’s and a research sprocke t for an M48 tank have been analyzed. Instru-
mentation has been developed and fu rn i shed  to Ordnance inspectors  to a s s i s t  in p roduc t io n
1~ne noise l ev e i  qual i ty  control . C u r r e n t ly,  the  noise level  of the T l 9 b  se ll-p rope l led  how-
i tzer  is being measured  and anal yzed. This will be a continuing task per formed  on new ma-
te r iel .

d. Vision and Perceptua l  C. F r i e d  July l 9 5 S  Coutinuin~zResearch C, Moler

This task is to obtain data r e g a r d i n g  man ’s ab i1 i t ~ to det e c t  ta rg ets , es t imate  range
with or without optical a s s i s t a n c e , dete rmine t h e  effects  of ECM , de t e r mine optimum ope r-
at io n symbols  in radar disp lays , to de t e rmine  the  optimum method of pr esen t ing  digit al  in-
format ion arid to determine the possible uses of the Kenetic Depth E f f ec t  technique.  Dur ing
FY 60 . work  was accomp lishe d in all these  tasks , Plans a re p r e s e n t l y being fo rmula t ed  f o r
studies of accuracy of fire control from aerial platforms , ran ge est imation and f i r e  c c nt r c
using i~”~ed-circuit TV.
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Date Estimated
Project Experimenters Started Completion

e. Advanced Visual Information McDonnel Aircraft  June 1959 Continuing
Display Techniques Corp. St. Louis , Mo.

J.I . Randall
Technical Supervisor

This task was initiated as a contract study to develop a new techni que for presentation
F of radar information at the fire unit level of operations. Such techn ique(s) are to be m dc-

pendent of the present state of the art development in radar displays but applicable to future
antiaircraft and antimissile systems. This disp lay system should use to the highest degree
possible the human perceptual abilities and psychomotor skills in performing the assigned
tasks of detecting, identif ying, evaluating and engaging targets.  The initial step, Phase I will
be a feasibility study substantiated by sufficient diagrams and drawings to evaluate prior to
initiation of Phase 11 - if justified - the fabrication of a bread-board.

1. Effects of Control Delay J.D . Yelner Jan 1960 Jan 1961
in Operating a Remote G. Moler
Control Vehicle H. Wallach

This task was initiated to determine the effects of a time delay between the time that
an operator initiates a si gnal to control a remote vehicle and the response of the vehicle to
that signal. A remote control vehicle and associated equipment are being modified by the
HEL to include the addition of a closed-circuit TV system. During FY 61, the vehicle will
be used in remote control studies.

g. Blast Measurement of H .H . Holland , Jr . June 1959 Continuing
Current and Future Ordnance
Developed Weapon Systems

This task was initiated to determine the blast overpressures found at the various
crew positions of current  and future Ordnance weapon systems. The goal is to establish an
accurate measurement of the blast and the blast pattern so that the effects of different levels
of blast can be applied to the ultimate design of weapon systems. In FY 60 , measurements
have been conducted on the 105mm Howitzer and 155mm Howitzer (105 and 15 5mm Howitzer
Gun Improvement Program With and Without Muzzle Brakes). Infantry Assault Weapon, Light
(LAW), DAVY CROC}~~ TT , SERGEANT , and VIGILANTE . Items for FY 61 measurements
are Medium Assault Weapon (MAW),  Heavy Assault Weapon (HAW). RED EYE , SHALLEALAGH,
as the materiel becomes available.

h. Psychological and Physio-  J .J . Romba Aug 1955 Continuing
logical Effects of Muzzle P. Martin
and Breech Blast L.A. Meister

This task was initiated to determine the potential psychological and physiological
effects on operating personnel of muzzle and breech blast as experienced around current
Ordnance weapon sys tems for application to future Ordnance weapon systems. This program
should y ield: (1 )  The physiological effects of blast with regard to pressure -time relation-
ships; (2) Behavioral changes concomitant with the blast levels around Ordnance weapons and
(3) Related behavioral changes due to blast and concomitant physiological changes. During
FY 60 . a study was completed in which the behavioral effects of 5 to 7 psi of blast were de-
termined on Rhesus Monkeys. At the present time a study is being conducted to determine
the effects  of 7 to 15 psi . By the end of FY 61 this task should have yielded sufficient data in
order to specif y, in at least a general nature , the overall behavioral physiological and psycho-
logical effects  of overpressures  up to 15 psi. In addition to this study, additional research is
being accomplished at the request  of various developmental agencie s on the blast effects
associated with specific materiel.

i. The Effects of Low Fre - Bostrom Research Jan 1960 Jan 1961
quency, High Amplitude , Labs , Milwaukee ,

~~~~~~ Whole Body, Longitudinal Wis. ,  l.A. Woods
and Transverse Vibration Technical Supervisor
on Human Performance
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This task is a continuation of a study sponsored by the Surgeon General. At present
the Transportation Corps and the Ordnance Corps are jo intly sponsoring a study to determine
the effects on man’s psychomotor performance of low frequency, high amplitude , whole body
longitudinal and transverse vibration , inasmuch as all means of vehicular transportation sub-
ject the body to low frequency, high amplitude vibration. This environmental variable affects
man’s health, safety and performance efficiency. In FY 60, the contractor performed the
first phase of the scheduled year’s effort .

Date Estimated
Project Experimenters Started Completion

j. The Deleterious Effects J.J. Romba March 1959 Continuing
of Impulse Noise M.G. Smith

G. Goldatone

This task was initiated to determine the effects of high impulse noise on hearing crc-
~ted by current and new weapons. A pilot study using Rhesus Monkeys and human volunteers
for the purpose of establishing audiograms prior to exposing them to safe limits of high im-
pulse noise , i.e., wherein there is no permanent threshold change of hearing ability, has been
established. During F? 60, equipment procurement and animal conditioning has been accom-
plished and a determination made that animal audiograms can be obtained with accuracy.
Continuation of the program in FY 61 will be a determination of deleterious effects of impulse
noise on human subjects.

k. individual Capabilities and S.A. Hicks June 1959 Continuing
Limitations of Personnel R.B. Randall
Operating in Armored
Vehicles

This task was initiated to determine the psychological and physiological capabilities
and limitations of individuals and crews operating in tanks and armored per sonnel carr iers
for extended periods of time. As determined by a Department of the Army appointed corn-
mittee, June 1959, this task represents the Ordnance Corps ’ portion of the total problem area.
The task will include determination of the effects of periods of confinement up to and includ-
ing 24 hours in duration , on the efficiency of performance of crews of armored vehicles. In
FY 60, studies involving the effects of confinement of 4 hours duration has been completed
and a report prepared; the effects of 8 hours confinement has been accomplished and a report
is in preparation. The 4 hour confinement report reveals that statistically significant losses
Were found in the gene ral areas of stamina, gross-motor coordination, equilibrium, eye-arm
coordination and r ifle firing accuracy. The 8 hour study results, although not published,
substantially verifies the findings of the previous report.

2. Systems Research

The Systems Research Laboratory is organized into five branches. Four each having
cognizance of a spe cific family of weapon systems or vehicles and one as a concept develop-
ment branch. This laboratory serves as a contractor to all cognizant Ordnance developmental
agencies , arsenals, and commands and maintains a continuing effort to provide to both in-
house , i.e., weapon systems managers, and Ordnanc e prime contractors with the necessary
specific human factors data and general human factors guidance to assure the development of
the optimum man-machine relationship in weapon systems, including both operational and
maintenance considerations.

The application of human factors engineering to weapon systems is conducted gen-
erally through an evaluation of concepts , engineering studies , prototypes development , and
field evaluation taking into consideration: ( 1) Reduction or elimination of error-likely sil-

l: uatio ns encountered in assembly of component items, handling equipment and check-out pro-
cedures; (2) The efficiency with which trained operators can set up and operate equipment;
and (3) Environmental factors affecting the efficiency of the system and maintenance aspects .
Projects vary in duration depending upon the requirements (or human factors evaluation, In
some cases only an end-item evaluation is required and in others a continuing evaluation is
required Current projects being accomplished to provide research, support and application
of human factors to the design , development and end-Item evaluation of the weapon s, vehicles
and weapon systems are:
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Date Estimated
Project Experimenters Started Completion

a. MAIN BATTLE TANK , J.A. Stephens Dec 1959 Continuing
Experimental Model E .O. Judd

J.S. Behrman
G.L. Brown

This task involves both research studies and application of human factors in the dc.
velopment of the MAIN BATTLE TAN K, XM . The initial work program has been divided into
four aspects: (1) Evaluating the concept of the MAIN BATTLE TANK considering human fac-
tors; (2) Research studies to determine the feasibility of closed-circuit TV driving systems;
(3) Investigating and developing a supine bed for use by the tank driver; and (4) Determination
of surveillance requirements to include various types of closed-circuit TV and optical sys-
tems or a combination of these techniques.

b. M60 MAIN BATTLE TANK C.G. Moler Aug 1959 Completed
K.D. Foster

The task was the performance of a human factors engineering end item evaluation of
the design, operability, and maintainability of the MAIN BATTLE TANK, M60. The evalua-
tion was initiated in FY 60. A report has been published.

c. Armored Reconnaissance G.L. Brown Feb 1960 Continuing
Airborne Assault Vehicle C.G. White
(AR/AAV)

During FY 60, an evaluation of a series of vehicular concepts was made and furnished
the Ordnance Tank-Automotive Command. A concept was selected and plans are presently
being formulated to perform human factors engineering support to the contractor during FY
61 and 62.

d. XM 70 Field Arttllery J .P. Torre , Jr. Jan 1960 Continuing
Direct Support Weapon

During FY 60 , a preliminary evaluation of the operational procedures and a partial
field evaluation of the system have been completed. A complete field evaluation of the sys-
tem will be made in F? 61.

e. VIGILANTE System R.T. Gschwind May 1957 Continuing

During FY 60, efforts were directed to monitoring the development by the contractor
of the various experimental prototypes of the VIGILANTE System and the preparation of test
plans for a full scale field evaluation of the VIGILANTE System.

f . Wire Guided Missile F.M . McIntyre June 1959 Continuing
Systems

During FY 60, an evaluation has been completed of the SS-l l  system mounted on a
~ ton 4 a 4 and a M59 APC , as well as a comparative evaluation of the efficiency of one oper-
ator vs. two operators in controlling a missile to the target. Minor efforts have been per-
formed on other wire guided missile systems such as ENTAC, COBRA and VICKERS 89~ to
assist the weapon systems manager in evaluating these developments. Tentative plans have
been established to part ici pate in the mounting and firing of the SS- ll  from a helicopter  in
FY 61.

g. 105mm Lightweight Howitzer .I.P. Torre . Jr. Jan 1960 Continuing

During FY 60, effort on this weapon has been to provide consultation to Rock Island
Arsena l  on huma n factors associated with the development of a new lightweight 105mm how-
itzer. Plans were prepared to contribute to the research and development program in FY 61
and continue into F’I 62.

h. Infa ntry Assault Weapon , R . T . G.chwind April 1958 ContInuing
Light (LAW)

2 11
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This project involves in-house study and analysis of: sighting studies to determine the
requirements for a throwaway sight unit; sound analysis of the rock.i t motor; a study of the
operating instructions for the operator to be placed in decal form on the weapon; and an e’~al-
uation of the force required for trigger pull to assist in deriving manufacturing quality-control
specifications. FY 61 effort will be toa redesign of the LAW weapon to be a one-piece launch-
er for fur ther  simplification.

Date Estimated
Project Experimenters Started Completion

i. 4.2 Mortar , TZO l  R .T . Gschwind June 1960 Continuing
J.P . Torre , Jr .

During FY 60 , the plans for a human factors evaluation of the 4.2 Mortar with modi-
fied base plate have been completed and an outline of applicable human factors data compiled.
During F? 61 the evaluation will be completed with recommendations for future mortar de-
sign.

j . SHILLELAGH Sub-System F.M. McIntyre Sep 1959 Continuing

This project is an in-house evaluation of the SHILLELAGH Sub-System as a compo-
nent of AR/AA V and the MAIN BATTLE TANK, XM . During FY 60 , primary effort has been
in the area of coordination and guidance to the sub-system developers and conduct of studies
in the areas of loading, tracking and developing an integrated sight unit for application to both
the ARIAAV and MAIN BATTLE TANK, XM. F? 61 effort will be directed to inclusion of the
SHILLELAGH Sub-System into AR/AAV.

k. DAVY CROCKETT System R.T . Gschwind Dec 1958 Continuing
J.P. Torre , Jr.

This pro3ect is an in-house support study to evaluate the use of spotting rounds as a
means of f ire control technique and investigation of the feasibility or desirability of incorpo-
rating an inexpensive range finder to operate in conjunction with the spotting round techni que .
During FY 60, three spotting round studies were completed and plans are being completed to
test the incorporation of an inexpensive range finder in conjunction with the spotting tech-
nique to be accomplished in FY 61.

1. SERGEANT Missile System R F. Blackmer Jan 1958 Continuing
Bernard Jacobson

This is a continuing in-house effort. During FY 60 , various components of the SER-
GEANT System were evaluated. Plans have been prepared and are current ly being reviewed
for the conduct of the operation and environmental tests for the f i rs t  experimental model of
the SERGEANT System. In addition to the FY 61 O&E tests planning, analysis and evaluation
of communications requirements for the system and data insertion problems are being con-
ducted. This program is tentatively scheduled for completion at the end of FY 62 , in con- V

junction with a full scale field evaluation of the SERGEAN T Missile System.

m. JUPITER Missile System F.W . Wokoun , J r . Sep 1958 Completed

During FY 60 , an evaluation of the mobile training unit designed to permit complete
operator training for the JUPITER System has been completed. This program will phase out
in the f i rs t  quarter FY 61.

n. LITTLE JOHN Launcher T.B . Pomeroy Feb 1960 Completed

During FY 60 , a field evaluation of two models of the LITTLE JOHN Launcher, i.e.,
PADA and SOSR , has been completed and a report written. At the present time , no further
work has been projected on this system.

o. LACROSSE Missile System T.B . Pomeroy Sep 1958 Completed

This is the completion of a four-year continuing project wherein the system has been
field evaluated and component redesign recommendations made In a final report presently
being published to the weapon systems manager .
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Date Es~ixnated
Project Experimenters Started Completion

p. PERSHIN G Missile System J. R . Erickson Oct 1958 Continuing
B.L. Soya , Jr.

During FY 60, in-house effort has beenaccomplishedto include: (1) Evaluation of each
of the major components of the PERSHING System; (2) Evaluation of mock-ups and compo-
nents; (3) Evaluation of preliminary count-down procedures; and (4) Plans and preparations
for a field evaluation of the erector launcher and an evaluation of the communications system
to include the communication hut. Plans for continuation of the above effort during F? 61 are
being made in conjunction with work accomplishment.

q. RED EYE Missile System F. W . Wokoun , Jr. Nov 1958 Continuing

During FY 60, the research effort has been on an evaluation of the procedures for
employment of the RED EYE Missile System; monitoring the contractor’s efforts in the phys-
ical design of the system; a complete study to determine the feasibility of utilizing a dual
configuration; and the operator’s ability to detect airborne targets. A report has been pub-
Lished concerning an operator ’s ability to detect airborne targets. During F? 61, efforts will
be a continuation of the concept development study, operational factors, check-out procedures
and noise evaluation of the rocket motors.

r . MAULER System G.L. Kurtz May 1960 Continuing

FY 60 work has been limited to an evaluation of the concept proposals to assist the
weapon system manager’s decision in selecting a development contractor, and coordination
for the R&D program beginning in FY 61.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

TM 11-59 An Exploratory Study Intotbe Effects of Low Blast Pressure on Behavior in Rhesus
(U) Monkeys. John J. Roinba and Paul Martin. Technical Assistance of Wilson Dorsey.

TM 1-60 A Human Engineering Evaluation of the LACROSSE Missile System. Evaluation of
(U) Sight Unit XM43 and Its Application to the LACROSSE Lightweight Launcher.

Richard G. Lazar and B. Lawrence Soya , Jr .

TM 2-60 Studies on the Kenetic Depth Effect as a Means for Presenting Three Dimensional
(U) Information. I. Methodology and Selection of Forms for Study. Charles Fried.

Technical Assistance of Howard H. Holland and Jack D. Yelner,

V TM 3-60 The Effects of Four Hours of Confinement in Mobile Armored Personnel Carriers
(U) on Selected Combat Relevant Skills: A Pilot Study. Samuel A. Hicks .

TM 4-60 An Evaluation of Observer Errors  in Spotting Round Fire Control. Robert T.
(U) Gschwind.

TM 5-60 A Human Factors Evaluation of Seven Digital Read-Out Indicators. Charles Fried.
(U) Technical Assistance of George R. Porter and James A. Meadows.

TM 6-60 Human Factors Engineering Evaluation of LITTLE JOHN Launchers XM 34 and
(U) XM 80. Thomas B. Pomeroy.

TM 7-60 Detection of Random Low-Altitude Jet Aircraft by Ground Observers. William
(U) Wokoun, Technical Assistance of Otho C. Wolfe ,

TM 8-60 Human Factors Engineering Evaluation of the M60, Main Battle Tank. Kermit D.
(U) Foster,

TM 9-60 The Effects of Missile Lengths and Weight on Loading Time. Frank Mcintyre.
(C)
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TM 10.60 Closed-Circuit Television Driving: I. A Preliminary Investigation. C. Gordon
(U) Moler and Gene L. Brown.
In press

TM 11.60 Synthetic Video As An Electronics Counter-Countermeasure: A Study of Pulsated
(U) and Steady State Symbology. Charles Fried.
In press

TM 12-60 Muzzle Blast Measurements on Howitzer , 105mm, MZAZE2 with Muzzle Brake
(U) No. 8. Howard H. Holland, Jr.
In press

TM 13-60 A Human Factors Engineering Evaluation of the LACROSSE Missile System:
(U) Final Report. Thomas B. Pomeroy .
In press

TM 14-60 A Human Factors Engineering Evaluation of the PERSHING Missile System:
(U) Launcher, Transporter - Erector - No. 5. B. Lawrence Soya, Jr. and Thomas B.
In press Pomeroy. Technical Assistance of Gary L. Kurtz and James B. Coyne.

TM 15-60 A Human Factors Engineering Evaluation of the PERSHING Missile System:
(U) C om mu n i c a t i o n s  Terminal, AN/TRC-80. Roger M. Weiss. Technical Assistance
In press of Robert E. Uhler .

TM 16-60 A Human Factors Engineering Evaluation of the SS-ll Anti-Tank Guided Missile.
(U) Francis M. Mcintyre and James P. Torre.
In press

TM 17-60 The Effects of Eight Hours Confinement in Mobile Armored Personnel Carriers
(U) on Selected Combat Relevant Skills: Study U. Samuel A. Hicks. Technical Assist-
In press ance of Jimmy P. Scott.

TM 18-60 Studies in the Kenetic Depth Effect as a Means for Presenting Three Dimensional
(U) Information: U. Effects of Variation in Angle and Length of a Two Dimensional
In press Form. Charles Fried.

Letter Measurement of Sound and Blast Fields of SERGEANT Missile Launchings.
Report

Technical A Human Factors Engineering Evaluation of the XM-70 Weapon System.
Note 1.60
(C)

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

BEHRMAN , JOSEPH S., PFC, PersonnelPsychology Specialist , MA, Columbia Universi ty,  1959.

BLACKMER , RAYMOND F., Electronics Engineer (Instrumentation), BS, University of Mas-
sachusetts, 1954 .

BOE , NORMAN W., Zd Lt., Research and Development Coordinator , BS, Northeastern Uni-
versity, 1959.

BROWN , GENE L., 1st Lt., Research and Development Coordinator , AB , Mercer Universi ty ,
1956.

CARMODY , DANIE L F., SP4 , Biological Sciences Assistant, BS, Saint Norbert College , 1958.

CLARK, LUCIUS V ., PVT ., Project Engineer, BS, New Mexico Institute of Mining and Tech-
nology , 1959.

CRUSE , CHARLES, Chief , Engineering Research Laboratory, Mary land Institute School of
Mechanical Arts.



DEERING, LAWRENCE E., Engineer (Human Factor.). BS. University of Maine , 1920.

Di BlASE , JAMES J. Jr ., RCT , Project Engineer; BS, Univers i ty  of Maine , 1960.

DOHERTY , WILLIA M J. Jr.,  1st Lt., Research and Development Coordinator; BS, Boston
College , 1958.

DONLEY , RAY . Engineer (Human Factors);  ME , Universi ty of Cincinnati, 1954.

EKSTROM , RAYMOND M., SP4 . Electrical Engineer Assistant; AEE , Wentworth Institute,
1958,

ERICKSON , JOHN R ., Eng ineer (Human Factors); BS. Case institute of Technology, 1951.

FAIR , PAUL A., Engineer (Human Factors); Certificate, Pratt Institute, 1926.

FRIED , CHARLES, Research Psychologist (Physiological, Experimental and Engineering);
MA , New School for Social Research, 1953.

GAR INTHER , GEORGE R., Engineer (Human Factors); BS, Gannon College, 1957.

GLUCKSBERG , SAM, 2d Lt., Psychologist; PhD, New York University. 1960.

GOLDSTONE , GERALD. Psychologist; MA, MacMurray College, 1958.

GSCH WIN D, ROBERT T., Engineer (Human Factor.); BS, Lehigh University, 1956.

HICKS, SAMUEL A., Research Psychologist (Physiological, Experimental and Engineering);
BS, Morgan State College, 1956.

HODGKISS, WILLIA M, SP5, Project Engineer; Certificate, Purdue University, 1960. (Army
Ordnance Technician Program , Electronics Technician Course)

HOLLAND, HOWARD H. , Engineer (Human Factors); BS, Virginia Polytechnic Institute, 1942.

HORLEY , GARY L., Engineering Design Technician (Human Factors); BFA , Philadelphia
Museum School of Art, 1956.

HOUFF , CHARLES W ., Lt Col , Deputy Director; Numan Engineering Laboratories, University
of Virginia, University of )4aryland.

JACOBSON, BERNARD , Research  Psychologist (Physiological, Experimental and Engineer-
ing); MS, Iowa State, 1957.

JUDD , EDWARD 0., 1st Lt., Research and Development Coordinator; MA, Purdue University,
1959.

KARSH , ROBERT , Research Psychologist (Physiological, Experimental and Engineering);
BA , Brooklyn College , 1957.

KATC}1MA R , LEON T ., Chief , Systems Research Laboratory; PhD , University of Mary land .
1954.

KLEIN , HUGO L., 1st Lt., Research and Development Coordinator; BBA , St. Mary’s Unive r-
sity, 1958.

KRAME R, RICHARD R., Physicist (General); BA , Williams College, 1956.

KURTZ , GARY I..., Electronic Engineer; BSEE, Pennsylvania State University, 1959.

MAFFIA , PAUL M., 1st Lt., Research and Development Coordinator; BS, Loyola University,
1958.

MARTIN , PAUL , SP4, Personne l Psychologist Specialist; MA , Loyola University, 1958.

MEISTER , LAWRENCE A., PFC , Personnel Specialist; BA , University of Iowa , 1957.
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McCAIN, CLAUDE N., J r . ,  R .P.E., Assistant Chief , Supporting Research Laboratory; BS.
University of South Carolina, 1950.

McELVENNY, BERNARD 3., Engineer Technician; BA, St. Joseph’s College , 1954.

McINTYRE , FRANCIS M., Research Psychologist (Physiological, Experimental and Engineer-
ing); MA , Temple University, 1958.

MOL.ER , CALVIN G., Engineer (Human Factors); BSEE , Davis and Elkins College , 1950.

NORLANDER , WILLIAM D., Mechanical Engineer Assistant; BS , Lehigh University,  1959.

PETTIT , GEORGE D., Electrical Engineer (Instrumentation); BSEE , North Carolina A&T ,
1949.

POMEROY , THOMAS E., SP4 , Project Engineer; BA, Michigan State , 1958.

PORTER , W ILLIAM J., Physical Science Assistant; BS , Duquesne University, 1959.

RALSTON , GLENN B., PFC, Personnel Specialist; BA , Depauw Universi ty,  1958.

RANDALL, JAME S I., Assistant Chief , Engineering Research Laboratory; BS, Johns Hopkins
University, 1958.

RANDALL, RUSSELL B., PFC, Personnel Specialist; BA, Alma College , 1959.

ROMBA, JOHN J., Research Psychologist (Physiological , Experimental and Engineering);
MA, University of South Dakota , 1955.

SMITH , M. GLENN, Research Psychologist (Physiological, Experimental and Engineerii~~~,
MS, Lehigh University, 1960.

SOVA, B. LAWRENCE , Jr., Engineer (Human Factors); BS, Worcester Polytechnic Institute .
1955.

STEPHENS, JOHN A., Assistant Chief , Systems Research Laboratory; DES , Rhode Island
School of Design , 1951.

SZEMPLAK ,, JEROME C., SP4, Mechanical Engineer Assistant; BME , General Motors Insti-
tu te, 1958.

TORRE, JAMES P., Jr ., Research Psychologist (Phys iological , Experimental and Engineer-
ing); BA, Adelphi College, 1954 .

UPTON , MORGAN , Consultant; PhD , Harvard University. 1928.

Von UFFEL, WILLIA M W., Jr., SP4, Mechanical Engineer Assistant; BFA, Philadelphia
Museum School of Art, 1959.

WALLACH, HAROLD C., Research Psychologist (Physiological , Experimental and Engineer-
ing); MS , University of Michigan, 1958.

WEISS, ROGER M., 2d Lt., Research and Development Coordinator; BS, Lehigh Universi ty,
1959.

WEIS Z, JOHN D., Director , Human Engineering Laboratories; PhD , University of Nebraska ,
1953.

WHITE , CHARLES G., SPS, Project Engineer; Certificate, Purdue University, 1960. (Army
Ordnance Technician Program, Electronics Technician Course)

WOKOUN, F. WILLIAM, Research Psychologist (Physiological, Experimental and Engineer-
ing); PhD, University of Nebraska, 1959.

WOOD, BENJAMIN F., Jr., Engineer (Human Factors); BSME, West Virginia University, 1950.
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WOODS, IRVING A., Chief , Supporting Research Laboratory, PhD, American Univers i ty ,  1954.
WOODWARD , ARTHUR A., Jr., Physiologist (Human Factors Engineering); PhD , Univers i ty

of Pennsylvania, 1947 .
YOUNG , ROBERT R ., Mechanical Engineer; BS , Bucknell Universi ty,  1960 .

II. Picatinny Arsenal, Dover, New Jersey

A. CURRENT WORK PROGRAM

• 1. Basic Project Work

Human Factors Specialists are working members of the “design team” for the war-
head section phases of the following nuclear projects:

a. PERSHING
b. LITTLE JOHN
c. SERGEANT

The participation in team design efforts extends also to the DAVY CROCKETT Project ,
SHILLELAGH, XM-5l  Rocket Motor Production Engineering, and other classified items.

(1)  Analysis of Tasks
(2) Personnel requirements
(3) Training requirements
(4) Manuals and check sheets V
(5) Test equipment
(6) Handling equipment
(7) Packing and shipping
(8) Assembly
(9) Work space layout

(10) Maintenance
( 11) Pre-and-In-Flight activities
(12) System synthesis
(13) Environmental conditions

The methods used are both analytical and empirical , and the results consist of detailed
design recommendations for the consideration of , and the implementation by, the project
manager.

2. Support Programs

a. Projectile, 155mm~ (T-358) . Resenrch is being conducted to determine an optimal
diameter for the MT fuze setting shaft ; the size , color , and sequence of the option selector
switch; a suitable wrench for connecting the VT fuze; gear ratios for the time setting screw;
and other pertinent items.

b. Case, Atomic Demolition Charge (XM ..113). Several problems are being studied as
regards obtaining torque requirements within critical limits; time settings and displays; and
other items of a classified nature.

• c. Increment Bag Holders, 81mm Mortar Shell (M362) . This study was initiated in an
effort  to derive a method of attaching increment bags which will minimize attachment time V

and maximize holding ability.

3. Special Studies

A special stud y is being initiated to investigate the relationship between load-carrying
weight and position , and recovery rate after dropping the load. Whereas , there have been
many studies of load-carrying, few , if any, have concerned themselves with combat effec .
tiveness after a long and difficult load-carrying task has been completed. A prominent por-
tion of this investigation concerns itself with development of criteria. Measures of body
metabolism and several perceptual-motor tasks are being considered.
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4. Systems Analys is

Although studies of this sort may include an experimental phase, they are primarily
analytical in nature. Current ly, a study is being conducted of the effectiveness of a new type
of anti-personnel mine in terms of patterns and density of dispersion; optimal external,
physical characteristics; and methods for distributing and recovering the item. Experimental
aspects of the system include human requirements for arming and safing the device , as well
as training requirements.

A second system under investigation concerns aerial delivery of anti-tank mines . This
analysis deals with methods of delivery, identification of various types of mines , troop re-
quirements and subsequent recommendations for optimal techniques.

5. Miscellaneous Activities

Consultation. Almost i-man/year per year is devoted to consulting with design per-
sonnel on matters of optimal design of equipment; incidental matters involving psychological,
biological , or anthropological and physical data; or in disseminating information relative to
human factors. In addition, periodic human factors bulletins are distributed which discuss
recent topics of widespread interest and which inform R&D personnel of available human
factors engineering resources.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Evaluation of the Probability of Detection of the T IZGOEZ Fuze and Tilt Rod.

Human Factors Analysis of Target Location Errors  (In press) .

Human Factors in Rangefinding and Range Estimation.

Human Factors Analysis of 81 mm Mortar Increment Bag Holders (In press) . V

Man-Portability of Portapack A, XM 28 Weapons System.

Field Study of Portapacks B & C, XM 28 Weapons System (In press).

Field Study of XM 29 Weapons System (In press) .

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL V

BESSEY, G. PAUL, Mechanical Engineer; DSIE , Bradley University, 1953,

BLACKWELL, SAMUEL A., psychology Assistant; BA, Gettysburg College, 195 8.

V GLASS, ALBERT A., Supervisory Psychologist (Human Engineering); MA, New York Univer-
sity, 1950.

KOSTAKIS, JOHN , Psychology Assistant; BA, City College of New York , 1959.

MYDOSH, JOSEPH, Cooperative Student (Attending Drexel Institute).

UI. Watertown Arsenal, Watertown 72, Massachusetts

A. CURRENT WORK PROGRAM

1. Launcher , 762MM Rocket, XM 33E1

2. 37MM ~,A Gun Carriage , T i l l

3. Launcher , E4ZRZ Rocke t, XM 86

The above projects represent a continuing effort to insure imp lementation of human
factors requirements in the design , to result in an efficient man-weapon relationship.

2 lB
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B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE R E P O R T

None.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

HUGHES , THOMAS D., Mechanical Engineer .

IV . U .S. A r m y  Ordnance Weapons Command, Rock Island, Illinois

A. C U R R E N T  WORK PROGRAM

LITTLE JOHN Launchers , XM 34 and XM 80
115mm Launcher , XM 70
Howitzer , 105mm Towed . Lightweight

The Human Factors Engineering program is one of coordination of studies performed V

on mission items by the member arsenal and of reviewing projects and technical reports in
order to assist the arsenals in their development programs.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNE L

LORENZEN, THEODORE G., J r .,  Mechanical Engineer (Ordnance Weapons Human Engineer) ;
BS, Bradley University , 1951.

V. U. S. Army Ordnance Missile Command, Army Rocket and Guided Missile Agency, Red-
stone Arsenal,  Alabama.

A. CURRENT WORK PROGRAM

LACROSSE (Mart in-Orlando, HEL) HAWK (Raytheon Corp. Dunlap & Assoc , HEL)
SERGEANT (SUEL , JPL , HEL) NIKE HERCULES (BTL , DAC)
RED EYE (Convair , HEL) LAW (Hesse-Eastern, HEL)
MAULER (Convair , MEL) NIKE ZEUS (BTL , DAC)
Advanced Visual Information Display Study (HEL , McDonnell Aircraf t  Corp.)

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

GRAHA M, DONALD I.. Jr., Technical Advisor , Field Protective Measures and Human Engi-
neering;  CE , Northwestern Univers i ty, 1937 .

VI . Ordnance Tank-Automotive Command, Detroit  Arsenal,  Center Line, Michigan

A. CURRENT WORK PROGRAM

Vehicle Ride Characterist ics.  (Univ. of Michigan)

V Human Engineering Studies on a New Main Battle Tank (MEL)

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None.
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C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

D’ANGE LO , HORACE Jr ., 1st Lt ., R e s e a r c h  & Development  Coord ina tor ;  BA , Mich igan  State
U n i v e r s i t y .  1957 .

K R E U C H E R , RAY MOND N. ,  Chief , Systems Ana t y a t s  Section ; BS , Mechanical Eng ineer ing,
Lawrence  Ins t i tu te  of Technology,  1947 .

LASKARIDES , SAVAS , Automot ive  Research  and D e s i gn E n g i ne e r ;  BS , Carneg ie ins titu te  of
Technology , 1946.

VAN TH I E L E N , PAU L R , Chief Development t n g in e e r ;  Genera l  Motors  Inst i tu te .

VII . F r i nkf ord Arsena l ,  Philadel phia 37, Pa.

A. C U R R E N T  WORK PROGRAM

Date E st imated
Pro jec t  E x pe r i m e n t e r s  Star ted Comp letion

1. Heavy An t i - t ank  Weapon W . Gaymon May 1959 May 1961
System - X M - 8 9  L . Gallun

This  major e f fo r t  on this project  was d i rec ted  toward  the design and conduct of exper-
ir nent s to investi gate ce r ta in  human eng inee r ing  prob lem areas encounte red  in the opera t ion
of the X M - 8 9  Sys te m. The specif ic  goal of the s tudies was to de te rmine  the opt imal control
f r ict ion and control  rat io values  which would lead to maximum system per formance . T hese
s tud ies  inv olved live f i r ing  of Sub-ca l iber  spot te rs .

Con t rol friction and control ratio were varied thr ou gh a representa tive  range of values ,
in res pective s tudies , and total man-machine  sys t em per fo rmance  was measured  at each
value using the BAT System as a comparison . The two sys t ems  (XM -89 and the BAT) were
com pared aga ins t  moving and s ta t ionary  t a rge t s .

A r e sea rch  repor t  is near ing  comp letion in which complet e a cc ount s of the above
men tioned s tudies  will  be presented .  Data will be of fered  to support  the se lect ion of ce r ta in
control  f r i c t i o n  and cont ro l  ratio values for the f inal  sys tem . The r e su l t s  of the studies show
the XM -89  Sys tem to be general ly su perior to the BAT on the major i ty  of c r i t e r i a  considered .

Stud ies a re curre ntly being desi gned to invest i gate addi t ion al human eng inee r ing  as-
pects  of the X M - 8 9  Sys tem.  Wi th the use of simula ted tracking equipment the fo l lowing prob-
le ms will  be studied in the ve ry  near  fu ture :

a. The e f fe ct , if any,  on per formance  of weig ht imbalance created by f i r i ng on the
main round. V

b. The effect  on pe r fo rmance  of f ir i n g  the weapon with the t r i g g e r  and sig ht in g mech-V anisrn relocated to the r ig h t -hand  side of the wea pon.

An impr ove d reticle desi gn is also unde r consideration and the problem is to be in-
ves t i gated through coordination  with the Mathemat ics  Branch .

Z. Field Ar t i l l e ry  Digital 1st Lt R .P . Johns ton  Sep 1959 June 1961

L 

Automatic Computer System

This  sy s t em o f f e r s  the poss ib i l i ty  of handling the computat ions for , and the i s suance
of , f i r e  commands by the a r t i l l e ry  f i re  direction center in a semi-automatic manner . Thus

V far  the Human Factors  Eng ineer ing  effort  has beenof  a consul tant  na ture .  Areas  inves t iga ted

~nc 1ude the o r ientation , size of let tering,  & abbreviations necessary  for  maximum discr imi-
nation and c la ri ty  and the a r rangement  of ha rdware  ent ry  buttons and disp lay indicators  con-
sis tent with operator uti l ization and logical sequence of operation.

-— - ~~~~ ~~~~~ V -- -- ~~~~~~~~~~~~ ~V - -~~~~~



1 -

Date Estimated
Project Experimenters Started Completion

3. Davy Crockett R .P. Johnston Sep 1958 June l96l
E.J. McGuigan

This project involves the human engineering evaluation of two weapon systems. Due
to the security aspects of the project, the evaluation of the systems can only be discussed in
general terms.

The work to date has been a consideration of four potential problem areas: (1) Loca-
tion of controls; (2) Man portability; (3) Operation of system, including speed and accuracy in
normal and extreme environmental conditions; (4) Maintenance and safety, including such con-
siderations as minimum number of tools necessary  to effect “in field” mainten~ nce , ease of
maintenance , ruggedness of system under conditions of climatic extremes and pro~oLged usage.

4 Medium Anti-tank Weapon - R .F . Kelly Sep 1959 June 1961
M67 Recoilless Rifle

The M67 is a shoulder-fired anti-tank weapon which will use a spotting rifle to obtain
a high hit probability with the firstmajor round. Since the weapon cannot be readily traversed
in its ground-supported position , in order to engage moving targets it must be f ired from the
shoulder. In this position, difficulty is expected in maintaining the sight picture until an error
feedback is obtained from the spotter round.

The major human engineering problems involved in this project are as follows: ( I )  De-
terminat ion of the best techniqu e for utilizing the spotter . It may be necessary to evolve an
entirely new concept of spotter usage. (2) Improvement of the inherent steadiness and usa-
bility of the weapon by determining the best design and location of the trigger grip, shoulder
rest , spotting rifle, sight and forward support (monopod).

The following experimental work is being planned:

a. Tracking studies using the simulated tank tracking system in the laboratory. A
mock-up is being constructed which will have the same weight and “feel” as the weapon itself

V for use in these tracking studies . The locations of the trigger grip, sight, monopod, etc. are
adjustable so that various positions can be tried.

b. Live firing of the weapon using spotting pistol.

These experiments will be designed to obtain as much data as possible with respect to each
of the above problems.

5. Electro-Visual Equipment G. Rowland June 1958 June 1961
A .C. Karr

This system offers the possibility of night-time tank operations through the use of
electro-visual equipment (closed circuit television capable of operating in low levels of illu-
mination). The major human engineering problem areas concern controls and display. The
visual problems inherent in using night-time television for surveillance , target detection, and
weapon laying are quite unique and require extensive investigation.

Present plans call for two laboratory experiments to be followed by static and dynamic
field tests. The purpose of the first laboratory experiment is to determine the optimal display
conditions for detecting and identifying targets. The second experiment has two purposes:
(1) To determine if the basic design parameters of this system will work; (2) to identify the
critical variables and their interactions. The static field tests will provide specific data on
performance with electro-visual equipment vs vision aided by standard optical equipment.
These tests will also test the presently envisaged operational procedures regarding activity
sequences , inter-crew member coordination and communication.

V Th e dynamic field tests will evaluate the system under combat-like conditions.

6. Main Battle Tank G. Rowland June 1960 June 1963
A .C. Karr

~ 
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The purpose of this project is to provide human engineering services for  the f i r e  con-
trol of the Main Battle Tank. The work of the Human Factors Eng ineering Section is con-
cerned primarily with monitoring contractor efforts  and coordinating the work of the Human
Eng ineering Laboratories, Frankford Arsenal , and the contractors .  Certain problems in the
use of television will also be investigated .

Date Estimated
Project Experimenters Started Completion

7. Tank Tracking A.C. Karr Nov 1957 Continuous

An electronic tank tracking system has been designed and constructed. This equ ip-
ment is used in conjunction with mock-ups of new anti-tank weapon systems to obtain human
engineering data to be used as design criteria. Experiments in progress are designed to
determine the optimal control characteristics for joy-stick controlled anti-tank weapon sys-
t ems.

8. Fire Control Consultation Staff Sep 1959 Continuous
Services

Separate funds have been set aside by the Fire Control Division for human engineering
consultation services that will not require more than ~ man weeks of effort. Where more
effort is required , a separate project is to be set up for it . These funds permit project en-
gineers to request the Human Factors Engineering Section to look into their  projects and
determine how much human engineering is required , outline a complete program to be fol-
lowed , and provide assistance in obtaining human engineering data through l i terature searches
and experimentation.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE

Report  No. M60- Human Eng ineering Evaluation of XMZ9 Delivery Sys tem (U) (CONFI-
~5~~1 DENT IAL),  A. Charles Karr , March 1960 .

In Press Human Engineering Evaluation of XM 89 (U)  (CONFIDENTIAL), Dr .
V George E . Rowland , September 1960.

C. B iOGRAPHICAL DIRECTO~tY OF PROFESSIONAL PERSONNEL

GALLI JN, LOU IS, Engineering Technician (Ordnance)

GAYMON , WILLIAM E., R~ se.~rch Psychologist; MS, Howard University , 1956.

JOHNSTON, ROBERT P., 1st Lt., Mechanical Engineer; BS, University of Illinois , 1958.

KARR , A. CHARLES, Supervisory Psychologist; MA, Lehigh University, 1953.

McGIJIGAN , EUGENE J., Psychologist; BA , Temple Unive r s i ty ,  1950 .

R O W L A N D , DR.  GEORGE E., Consultant; PhD , Ohio State Un ive r s i t y, 1951 .

VIII. Rock Island Arsenal , Rock Island , Illinois

A. C U R R E N T  W O R K P R O G RA M  
-

Human Engineering Evaluation of LITTLE JOHN and HONEST JOHN rocket launcher
systems .

Auxiliary Propelled 155mm Howitzer Concept Studies of new lightweig ht 105mm How-
i~ ~er Carriage and 115mm Boosted Rocket Launcher , XM 70.

- :  B. BIBLIOGRAPH Y OF PUBLICATIONS SINCE LAST CONFERENCE REPORT
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C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

FREYMA NN , EDWARD , General Ordnance Design Engineer.

HEIDEL , WILLIA M, Carriage Desi gn Eng ineer; BSME , Bradley University, 1951 .

HERSHMAN, CLARK, Engineering Designer.

RAISBECK, LEO, Mechanical Engineer; BSME , University of illinois , 1949.

JOHNSON, WILLIAM A., Ordnance Design Engineer.

IX. Springfield Armory,  Springfield 1, Massachusetts

A . CURRENT WORK PROGRAM

Weapon Weight Distribution Program

V 
Sight Configuration Study

Weapon Stock Study

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None .

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

LIZZA , ALBERT J., Mechanical Engineer , Ordnance; MS , University of Massachusetts, 1958.

ROCHA, JOHN G., Mechanical Engineer; BS, New Bedford Institute of Technology, 1952.

X. U, S. Army Ballistic Missile Agency, Redstone Arsenal, Alabama

A. CURRENT WORK PROGRAM

1. Internal

JUPITER - Support in the field of human factors engineering for analysis , design and

V 
evaluation of the mobile training units.

PERSHIN G - Analysis , design and evaluation, from a human factors engineering view-
point , of the missile, ground support and maintenance equipment and pertaining field opera-
tions.

The Human Engineering Laboratories is providing design assistance and evaluation support
services on PERSHIN G and JUPITER.

2. External

PERSHIN G PERSHING Development Specification for Weapon System Human Factor
Design Criteria. (The Martin Company)

PERSHING - Task and Skill Ana lysis for the PERSHING Missile System, Vol 2 , Train-
ing and Training Aids. (The Martin Company)

PERSHING - A Human Factors Engineering Evaluation of the PERSHING Weapon Sys-
tern, the ‘59 Transporter-Erector-Launcher. (Human Engineering Laboratories)

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

None .
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C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNE L

CHAIKIN , GERALD, Coordinator , Human Factors Engineering; BS, Purdue University, 1956.

COYNE , JAME S F., Mechanical Engineer Assistant; BS, 1958.

KORACH, I. S., Mechanical Engineer Assistant; BS, 1959.
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5. U. S. ARMY QUARTERMASTER CORPS

I . U . S. A r my  Uuarterrnaster  Research and Eng~iee nfl 1 Center~~~Iatj c1~~ Mass.

A . CURRENT ORK PROGRAM

I . Human Engineering and Compatibility Studies of OMC Items

Date Est imated
Title Experimenters Started Co~~p~~~~on

i~. Development of Methods for 3. McGinnis Jan 1959 Continuing
the Study of Human Factors
Important for Soldier Com-
patibility With and Efficient
Use of QMC Items

Techniques have been developed for identif y ing and analyzing incompatibilities found
in man-machine systems. These techniques provide a convenient and systematic method for
identif y ing incompatibilities and evaluating their severity and importance. Fur ther  work is
planned to increase the efficiency and broaden the applicability of the techniques.

b. Determination of Major Areas G. Rosinger  Jan 1959 Continuing
of Incompatibility Between the
c.�MC-equipped Soldier and
Developmental Signal Corps
and Ordnance Corps Items

The aim of these studies is to prevent incompatibilities between Quartermaster cloth-
ing and equipment and missile and other weapons and communications systems. The em;.ha-
sis is on providing to designers of clothing and weapons relevant information secured f rom
cold weather  and other tests .

c. Human Factors Analysis of A. Cohen July 1959 Continuing
Psychoacoust ical  Require-
ments for Military Head gear

These studies include collation of information on noise levels associated with military
vehicles and weapons , investigation of the effects  of continuous and impulse noise on the hear -
ing of pure tones and speech , and the effect of helmet shell conf iguration on sound suppression
properties.

d . Human Factors Analysis of J. Kobrick Feb 1960 Dec 1960
Means of Protecting Visual
Function from Extreme En-

L vjronmental Stresses

Studies are being made of the effects of wind-temperature combinations upon visual
performance in order to determine possible limits of environmental exposure of the eyes.
The results will be app licable to development and use of func tional m ilita ry headgear and
facegear .

e . Human Factors Study of J. Senna Jan 1959 June 1961
Visual , Acoustical, Ballistic ,
and Crash Protection for
Army Aircraf t  and Aircrew
Systems

Work is continuing to determine techniques for providing passive protection to the a i r -
crews of new aircraft and to determine factors in the aircraft environment which affect pilot
performance.

I. Human Factors Study of the B. Crist Jan 1959 June 1961
V Des ign, Operation, and

Maintenance of Materials
Handling Equipment
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Human engineering guidanc e is being fu rnished on the new Sandfl y fork li ft  t ruck  ser ies .

Date Es t imated
itle Ex~ ‘n imenters  Started Completion

g. Study of Techniques for 3. Kobrick Nov 1958 Jan 1961
Reducing  Performance
Decrements Pr oduced
by Handwear

Studies are planned to invest igate  types of m aterials and methods of handwear design
which can be used to construct  handwear which will pe rmit increased tactical sensitivity and
dexterity.

h . Ana lysis of Hand Movements 3. Kobrick Jan 1960 June 196 1
Essent ia l  for Accomplishing
Military Tasks

Realistic development of manual performance tests and hand protection gear requires
knowledge of wha t soldiers do with their hands . A preliminary analysis has been made of
hand movements during field communications activities. Further studies are planned.

i. Human Engineering Support R. Dusek July 1960 Continuing

Evaluations, ass istance , and guidance in support of item development are furnished as
requested.

2. Studies to Provide Anthropometric Design Guidance and Realistic Design Criteria for
QMC Items

a. Collection and Analysis R. Newman Jan 1958 Continuing
of Anthropometric Data
Concerning Functional
Characteristics of the
Military Population

Range of movement , spatial dimensions, and other functional characterist ics of the
military population are being determined to provide anthropometric criteria and guidance for
the design and development of QMC items . Head and face dimensions, ankle and foot contours ,
and special hand dimensions are being studied.

b. Anthropometric Measure - R . White July 1959 Dec 1960
ments of Army Aviators

Anthropometric measurements of a representative sample of Arm y aviators are under-
going analysis to establish realistic criteria for the desi gn and sizing of materiel and equip-
me mit .

c. Anthiopometric Design R. White 1948 Continuing
and Sizing Guidance

Tariffs  are developed and design guidance Is furnished as requested in support of
clothing and equipment developmental programs.

3. Systemat Ic Investigation of the Psychological and Physiological Reactions of the Sol-
dier to the Stresses of Natural  and Military Environments.

a. Determination of the Psycho- B. Fine July 1959 Continuing
logiàal and Psychop hysiological
Effects of Environmental
Stresses on the QMC-
equipped Soldier

Studies are being conducted on the effects of auditory stimulation on perception of the
vertical and on the effect, of high humidi ty at high and moderat e temperatures on soldier
motor and Intellectual performance.
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Date Estimated
Title Exper imenters Started Completion

b. Study of Factors Important R . Clark Jan 1959 Dec 1960
for Efficient Hand Perform-
ance at Extreme Temper-
atures

Studies are being made of the effects of hand skin temperatures , duration of exposure
to the cold , and the temperature at which the task t~ learned on five finger dexterity. Lim-
iting skin temperatures for unaffected hand performance are being determined also.

c. Exploration of the Value , as B. Fine July 1959 Continuing
Indices of Strain Imposed on
the Soldier by Natural and
Milita ry Enviro nments , of
Individual and Group Psy-
chological Measures

The MMPI derived Internalization Ratio (IR) is being used for predicting satisfactory
test subject pe rformance, both in the QM RIt E Command test subject pool and in a Greenland
field exercise. Work is continuing on the IR and also on the MMP 1 derived Anxiety Index
(A.I.).

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Clark , R. E, The calculation of mean hand skin temperature in studies of manual perform-
ance in the cold. EPRD Re.. Study Rept. PB-29, U. S. Army, QM RI tE  Command, Natick,
Mass., Oct. 1959.

Clark , R . E. and A. Cohen. Manual performance as a function of rate of change in hand skin
temperature, 3. Appl. Physiol., 1960, 15(3), 496-498.

Cohen, A. Psychoacoustic and comfort properties of helmet communications gear. EPRD 
V

Tech. Rept. EP- l23 , U. S. Army , QM RItE Command, Natick, Mass., Jan. 1960.

Cohen , A. Sound transmission through the Combat Vehicle Crewman’s helmet when the seal
of the earpads is broken. EPRD Re,. Study Rept. PB-39, U. S. Army, QM RItE Command ,
Natick, Mass. (In press.)

Cohen, A. and J. F. Corso. Further assessment of the effect. of intensity on the pitch of
pure tones. J, Acoust. Soc. Amer., 1959, 31, 1565 .

Cohen, A. and B. S. Fine. Auditory discrimination and sleep deprivation. J. Acoust. Soc.

V 
Amer., 1960 , 32, 925.

V Corso , .1. F. and A. Cohen. Methodolog ical asp ects of absolute audito ry threshold measure-
meats. J. Exp. Psychol., 1958 , 55 , 8-12.

Fine , B. J., A. Cohen and B, Crist. Effect of exposure to high humidity at high and moderate
V - ambient temperature on anagram solution and auditory discrimination. Psycho l. Reports ,

1960 , 171-181.

Gardner , A. A. Multiple-choice decision-behavior as a functio n of the numbe r of response
categories. USAMRL Report No. 408 , Dec. 1959.

Gardne r , A. A. Two-choice decision-behavior and the number of alternative critical events.
USAMRL Report No. 438 , 1960. (In press )

Gardner , A. A. A note on theory and methodology In the stud y of fi gural aftereffects. Psych.
Rev. 1960. (In press)

Gardner, R . A. Immediate and resid ua l figural aftereffects in kinesthetic judgeme nts. Amer.
J. P sychol., 1960. (In press )
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Hooton , E. A. Body build in a sample of the United States Army .  Part I: Bod y build in rela-
tion to military function. Part  II: Measurements of body build. EPRD Tech . Rept . EP-
102 , U . S. Army,  QM RI tE  Command , Natick , Mass., Feb. 1959. (Dept . of Anthropology,
Harvard University  Contract Nos. W44-  l09-~lM- 1078 and W44 - 109-UM-ZO 14 .)

Kobrick , J, L. and B. Cris t .  QM huma n eng inee r ing  handbook se r ies :  VII : The size and
shape of the available visual field during the wearing of A r m y  headgear . EPRD Tech.
Rept. EP- 133 , U. S. Army,  ~M RI tE  Command, Natick , Mass., May 1960 .

McGinnis , J . M. Human factors observations during winter iza t ion  tests  of the SERGEANT
Missile Sys tem. EPRD Res. Study Rept. PB-2 8 , U . S. Army, QM RItE Command, Nat ick ,
Mass., Sep. 1959.

McGinnis , J. M. Human factors observations dur ing  winter izat ion tests  of the LAW Miss i le
Sys tem.  EPRD Res. Study Rept. P8-31, U . S. Army,  QM RI tE  Command, Natick , Mass.,
Dec. 1959.

McGinnis , J. M . Human factors observations during winterization tests of the SS-11 Anti-
tank Missile Jeep-Launcher. EPRD Res .  Study Rept. P8-32 , U . S. Army,  QM RI tE  Com-
mand , Natick , Mass.,  Dec. 1959.

McGinnis , J. M. Human factors observations during cold tests of the LACROSSE Miss i le
System. EPRD Re,. Study Rept. PB-34 . U . S. Army,  QM RI tE  Command, Natick , Mass .,
Dec. 1959.

McGinnis , J. M. Human factors study of QMC clothing and equi pment dur ing cold w e a t h e r
tests  of the M-59 APC installation of SS- l l  Antitank Missile System. EPRD Res . Study
Rept.  P 8-36 , U . S. Army,  QM RI tE  Command, Natick , Mass., Jul. 1960.

McGinnis , J. M. and G. Rosinger . Human factors observations during winterization tests  of
the XM-70 Rocke t Launcher. EPRD Res. Study Rept. P8-24 , U. S. Army, QM RI tE  Com-
mand , Natick, Mass., Jun. 1959.

McGinnis , J. M. and G. Rosinger . Human factors observations during winterization tes t s  of
the LITTLE JOHN Missile System. EPRD Res . Study Rept . P8-25, U. S. Army,  QM R I tE
Command , Natick , Mass., Jun. 1959.

McGinnis , J. M. and G. Rosinger . Human factors observations during winterization tes ts  of
the H A W K  Missile System. EPRD Re,. Study Rept. P8-26 , U . S. A r m y ,  QM R I tE  Com-
mand , Natick , Mass ., Jun. 1959.

McGinnis , J. M. and G. Rosinger.  Human factors study of the compatibility of the QMC-
equipped soldier with field communications equ ipment under cold wet condit ions.  E P R D
Res . Study Rept . P8-38 , U. S. Army, QM R&E Command, Natick, Mass ., Aug. 1960.

Newman , R . W . Sizing study: Glove , Shell , Leather , Curved-Palm and Mitten , Shell , Leather ,
Curved-Palm over wool inserts.  EPRD Re,. Study Rept. PA-Zl , U S. Army,  ~~M RI tE
Command, Natick , Mass ., Aug. 1959.

V Newman , R. W . Compatibility sizing study: Flight Helmet , APH-5 and CVC Helmet , T56-6
with E75 Gas Mask. EPRD Re,. Study Rept. PA-20 , U . S. Army , QM RI tE  Command ,
Natick , Mass. ,  Aug. 1959.

Rosinger , G. Human factors observations during winterization tests of the Phase II LITTLE
JOHN Weapon System and the XM-7OE l Rocket Launcher. EPRD Re,. Study Rept . PB-33 ,
U. S. Army,  GM RI tE  Command, Natick , Mass.,  Dec . 1959.

Rosinger , G. Human factors study of QMC clothing and equ ipment dur ing cold wea ther  tests
of the LITTLE JOHN Weapon System. EPRD Res. Study Rept . P8-37 , U . S. A r m y ,  QM
RI tE  Command , Natick , Mass., Jul. 1960.

Rosinger , G. and J . M. McGinnis. Human factors observations during winter izat ion tes ts  of
4 the CHOPPER JOHN Missile System. EPAD Rca, Study Rept . PB-27 , U . S. Army ,  QM

RI t E  Command, Natick , Mass., Oct. 1959.

2211

P —

L V ~~~ V~~~~~~~~~~~~~~~.~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— --V-- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ -

Ro s inge r , G. and J. M. McGinnis. A quest ionnaire  evaluation of QMC cold dry clothing by
men stationed in the An ta rc t i c .  EPRD Re, . Stud y Rept. P8-30 , U. S. Army.  GM R I tE
Command , Natick , Mass . ,  Nov . 1959.

Sassouni , Viken. Identification of war dead by means of roentgenographic cephalometry.
E PRD  Tech.  Rept . EP- 125 , U. S. Army,  GM RI t E  Command, Natick , Mass ., Feb. 1960 .
(Philadelphia C e n er  for Research  in Child Growth , Graduate School of Medicine , Contract
No . D A - l 9 - 1 29 - Q M - 7 3 9 , U n i v e r s i t y of Pennsy lvania.)

Siegenthale r . B. M.. A . Cohen and D. Rhodes. Additional data on bone conduction shift when
the auditory rneatuses are occluded. A.M .A. Archives of Otolaryng., 1957 , 66, 22 3-227 .

C. B 1OGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

C L A R K, RUDOLPH E ., Dr ., 1st Lt., Medical Service Corps , Research Psychologist, Ps~rc ho-
physiology Section; PhD , Univers i ty of Iowa , 1958. Area of specialization: Physiological
fac tors  in learning and performance;  motivation.

COHEN , ALEXANDER , Dr ., Research Psychologist, Human Engineer ing Section; PhD , Penn-
sy lvania State Univers i ty.  1959. Area of specialization: Engineer ing psychology; hearing
and speech .

CRIS T , BRIAN , Research  Psychologist, Human Engineering Section; MA, Boston University ,
1957 . Area  of specialization: Vision; hearing; apparatus design.

DU SEK, E. RALPH , Dr ., Chief , Psychology Branch;  PhD , State Univers i ty  of Iowa , 1951.
Area of specialization: Physiolo gical psychology; psychomotor performance.

FINE , B E R N A R D  .7., Dr ., Chief , Psychophysiology Section; PhD , Boston University, 1956.
Psychop hysiology; social prychology wi th  emphasis on attitude change , personali ty and
small groups.

GARDNER , R. ALLEN , Dr ., Research Psychologist , Psychophysiology Section; PhD , North-
wes tern  Unive r s i ty ,  1954. Area of specialization: Perception;  learning.

JONES , C L A R K  E ., Resea rch  Psychologist , Human  Engineer ing Section; MS , Pennsy lvania
State Univers i ty ,  1949. Area of specialization: Ph ysiological psychology.

KOBRICK, JOHN L., Dr., Chief , Human Engineering Section; PhD , Pennsy lvania State Uni-
vers i ty, 1953 . Area of specialization: Engineering psychology ; apparatus design; learning.

McGIN N IS, JOHN M., Dr ., Chief , Systems Resea rch  Section; PhD , Yale Unive r s i ty.  1929.
Area of specialization: Human factors in system design;  environmental  psychophysiology;
attitude measurement.

NEWMAN , RUSSELL W ., Dr., Chief , Anthropology Branch; PhD , Univers i ty  of California,
1949. Area of specialization: Applied physical anthropology.

PELKE Y , WILLIAM E ., 2nd Lt ., QMC , Research  Psychologist, Systems Research Section;
AB . Un ive r s i t y  of Maine , 1958. Area of specialization: Experimental  psychology .

ROSINGER , GEORGE , Research  Psychologist. Systems Research  Section; MA , Lehigh Uni-
ve rs i t y ,  1959. Area of specialization: Applied experimental psychology; human factors

V 
engineer ing .

SENNA , JOZEF F., Captain , QMC , Research  Psychologist , Systems Research Section; MA ,
Ohio State U n i v e r s i t y ,  1959. Area of specialization: Human factors problems in systems
operations; engineering psychology.

WHITE , ROBERT M., Phys ica l  Anthropologist, Anthropology Branch;  BS, Haverford College ,
1939. Area of specialization: A pp lied phys ical  anthropology.
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II. U . S. Army Quartermaster Food and Container Institute for the Armed Forces , Chicago ,
Illinois.

A. CURRENT WORK PROGRAM

1. Research  on Attitudes Toward and Acceptance of ~ MC Materiel

Date Estimated
Title Experimenters Started Completion

a. Effect of Non-functional J. Kamen March 1960 Continuing
Attributes of Products on
Acceptance

The role of factors such as packa ging, color and labeling on acceptance or use of ma-
teriel is being studied in order to determine if acceptance can be increased by methods not
requiring training or indoctrination. Currently the effects of such devices as a ‘‘seal of ap-
proval” on attitudes toward a product are being investigated.

b. Role of Feeding Procedures R. Seaton June 1958 Dec 1960
in Interpersonal Relations
of Small Groups

Sociometric measures , questionnaire responses and essays were used to assess the
effects of meal preparation and planning by individuals vs. groups , on interpersonal relations
and on acceptability of the items.

c. Study of Needs and R . Seaton Jan 1960 Ma rch 1961
Interpersonal Relations
as Affected by Work and
Hunger in the Arctic

Test teams will break trail and haul sleds with both normal and reduced food allow-
ances. Measures of morale and interpersonal relations will be taken during the operation.
E ffects of regrouping the men will also be investigated.

d. Prediction of Food F. Pilgrim Oct 1958 Dec 1960
Acceptance on Basis of J. Kamen
Attitudinal and Food
Composition Measures

Preliminary evidence shows that food consumption is predicted by preference , sub-
jective satiety and othe r psychological factors in conjunction with the protein , fat and carbo-
hy drate content of the food (R= .87). Reduction of number of predictor variables , and extension
to more foods , is underway.

e. Physico-chemical Basis H. Schiitz Oct 1959 Sep 1960
of Odor Perception (Contract)

Relate various psychological attributes of odorants to physico-chemical indices as
surface tension , gas chromotographic analysis and infra red absorption. Multiple regression
and factor analytic techniques are being employed.

f. Quality Control of D. Peryam Jan 1952 Continuing
Products by Means of
Sensory Evaluations

This program has continued to develop methods of measurement and to establish stand-
ards for palatability and flavor identity of procured food products.

g. Investigation of Special B. Kroll July 1959 Dec 1960
Scales and Procedures to R . Seaton
Assess Acceptance of
QM Materiel
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This work con sists of a series of studies to determine effects of types of rating scales ,
of methods of presenting products and of method of asking the question s on the responses to
the products or product images . The goals are increased discrimination along with greater
efficiency in testing procedures -

Date Est imated
Title ~!p~~~

m
~~

ters Started Completion

h . Shaping Use r  Acceptance E . Smith July 1960 June 1961
(Contract)

Explore and test techniques for shaping attitudes toward new GM items of food and
equ ipment. Techniques and procedures will be based on previously developed hypotheses
concerning attitudes and attitude change , such as consonance-dissonance and “scapegoating . ”

i. Perception of Taste J. Kamen Aug 1960 June 1961
of Water

Whether people learn to like or dislike the tastes of waters from different sources ,
and whether sensory adaptation occurs to the tastes , will be investigated. The purpose is to
shed light on the process of attitude formation and change under conditions where attitude is
almost solely dependent upon sensory or perceptual factors.

B. BIBLIOGRAPHY OF PUBLiCATIONS SINCE LAST CONFERENCE REPORT

Eindhoven , J. and F. J. Pilgrim. Compatibility of menu items. QMFC 1AF Rept. Nr . 35-59,
Dec. 1959.

Furchtgott, E. and M . P. Friedman. Effect of hunger and satiety on odor sensitivity. Kept .
Nr. 13 (FInal), 31 Jul. 1959. (Contract DA-l9-129-QM-844 .)

Kamen , J. Variability of food acceptance behavior under normal feeding conditions . Part I.
Basic results of consumption survey. QMFCLA F Rept . Nr . 30-59, Nov . 1959.

Kamen , J. Variability of food acceptance behavior under normal feeding conditions . Part 2.
Reasons for non-consumption. QMFCLAF Rept. Nr. 38-59, De c. 1959.

Ka rnen , S. M., F. J. Pilgrim , N. S. Gutnian , and B . S. Kroll . Interactions of suprathreshold
taste stimuli. QMFCIA F Rept. Nr . 14-60 , Jun. 1960 .

Kroll , B. J . and F. J. Pilgrim. Sensory evaluation of accessory foods with and without car-
riers. Food Technol. 1960 , 14 (In press) .

Peryam, D. K. The variable taste perception of sodium benzoate. Food Technol. 1960 , 14 (8),
Aug. l ’;60,

Peryam, D. R., B. W . Polemis , J. M. Kamen , S. Eindhoven , and F. J. Pilgrim. Food pref ~
erences of men in the U. S. armed forces.  Chicago: Quartermaster Food and Container
institute for the Armed Forces , ian. 1960 . Pp. Xii ~ l60.

Pilgrim , F. J., and S. M. Kamen. Patterns of food preferences throu gh factor analysis .
5. Marketing, 1959, 24-(2) 18-72, Oct. 1959.

Schutz, H. G. , R. C. Ove rbeck , and R. S. Laymon. Relationship between flavor and physico-
chemical properties of compounds. Battelle Memorial Institute, Final Rept ., Oct . 1958.
(Contract DA-19-129-QM- 114 1.)

Seaton , A. W . Response patte rns to an appeal to taste irradiated foods. QMFCIA F Kept. Nr .
34-59 , Jan. 1960 .

C. BIOGRAPHICAL. DIRECTORY OF PROFESSIONAL_PERSONNEL

KA MEN, JOSEPH M ., Dr ., Research  Psychologist , Research and Evaluation Section; PhD ,
Univers i ty  of Illinois, 1955 . Specialization: Psychophysics of taste and odor monotony ;
att i tude measurement;  product acceptance.
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P E R Y A M , DAVID R ., Chief , Food Acceptance Branch; MS , Ohio State U n i v e r s i t y .  1941.
Specialization: Sensory test methods for foods; taste perception; attitudes and p re fe rences .

PILGRIM , FRANCIS J ., Dr ., Chief , Research  and Evaluat ion Section; PhD , U n i v e r s i t y  of
Pittsburgh, 1948. Specialization: Regulation of food consumption; mechanisms of taste
and odor percept ion;  consumer  pre fe rences ;  psychophy s i cs .

SEATON , R I C H A R D  W ., Research  Psychologist;  BA , Columbia U n i v e r s i t y ,  1947 . (In r e s idence ,
University of Chicago, Sep 1958 - date). Specialization: Social psychology , attitude change ;
small groups.

KROLL , B E V E R L E Y  S., Chief, Sensory Testing Laboratory, Wilson Junior College and Illi-
nois Ins t i tu te  of Technology, Chicago , 1946-1949 and 1955-1957. Specia l iza t ion:  Sensory V

test methods for foods; consumer p r e f e r e n c e s .

III . U . S. Arrn1Quarterrnaster  Research  and E~ g~neer ing  Field Evaluation Agency,  Fort  Lee,
Virginia

A . CURRENT WORK _PROGRAM

1. Selection and Util ization of Test Personnel

This program was initiated due to the reduction in the n u m b e r  of en l i s t ed  men with
college degrees available for technical and semi-technical ass ignments  in the f ie ld test  pro-
gram.

Date Est imated
Title E x p e r ime n t e r s  Star ted Comp letion

a . Selection of Obse rve r -  R . Andrews Nov 1957 Continuing
Recorders for Field K. Ingold
Testing

Utilizing standard personnel selection techniques , it was determined that  the Lowry
Reasoning Test A was a better predictor of observer-recorder performance that education or V
any of the subtests  in the genera l  c lass i f ica t ion  bat tery .  This made possible  the u t i l iza t ion  of
personnel  that would have previously bee n rejected because of educational level . A recent
cross validation of these f indings  has indicated that changes in the mil i tary population s ince
the original stud y will require a revis ion of the selection process .  Planning is now in prog-  3
ress for an invest igat ion of cr i ter ia  for the selection of test  subjects  for  f ield tests  u n d e r
extreme environmental conditions. V

Z . Field Studies of Quar termaster  Items

The purpose of these studies is the investigation , measurement, and control of f ac to r s
a f fec t ing  soldier ’ s rat ings of Qua r t e rmas t e r  items by el iminat ing ext raneous  var iables  through
experimental  and statist ical  controls while providing the most valid and rel iable measu re s  of
fac tors  that are related to funct ional  u t i l i ty .

a . The Evalua t ion  of Atti tude R . Andrews  June 1957 Cont inuing
Towards  the Army as a L. Paul
Factor  in Soldier Accept -  K. Ingold
ance Rat ings

Sta t is t ica l ly s igni f icant  cor re la t ions  have been found between attitude towards the
A r m y  and r a t ings  of food and clothing items. Multip le regress ion techni ques , however , have
shown that only a very small portion of the total acceptance var iance  is accounted for  by the
a t t i tude  variable.  

V

b. Soldier Acceptance of R. Andrews  Jan 1958 Continuing
Clothing and Equipment  L . Paul
Items

The p r i m a r y  object ive of this test  is to identif y those characteristics of clothing and
equipment items that are relevant to soldier acceptance and provide valid and reliable scales
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for their measurement. Factor analysis was used to identif y the important dimensions of a
number of charac te r i s t i c  i tems . Equal interval  scales were  then developed to measure some
of the more important factors.  Still in progress  is a study to determine whether the soldier’s
rating of the importance of the various characteristics is related to overall acceptance.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Andrews , K . S. An inves t i gation of the relationship between general  a t t i tude toward the Army
and specific food attitudes and preference. GM RI tE  FEA Tech.  Rept . R - l , Jun.  1958 .

Jones, L. V. and T. E. Jeffrey. Development of suitable rating scales for measur ing  the sub-
jective reactions of troops using Quartermaster items under actual field test  cond i t ions .
QM RItE FEA Tech. Rept . K - S . Oct. 1959.

Paul , L. E . The cons t ruc t ion  of interval scales for measuring the acceptance of clothing and V

equi pment in field tests.  GM R I tE  FEA Tech . Rept.  R-4 , Jan. 1960.

Paul , L . E. and H. W . Hembree.  The detection of guess responses in the rating of s ta tements
by the method of success ive  categories . Tech. Paper - - Proceedings for the Conference
on the Design of Exper iments  in Army Resea rch  and Test ing,  Sep. 1959.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

ANDREWS , ROBERT S., Ch ief , Methods Research Branch, UM RI tE  FEA , Fort Lee , Vir g inia;
MA , 1959. Psychology.

H E M B R E E , H O W A R D  W ., Scientific Director , UM RI tE  FEA , Fort Lee , Vi rg in ia ;  PhD , 1952 .
Human factors .

INGOLD , KENNETH K ., Captain , Test Officer , Methods Research Branch, QM RItE FEA ,
Fort Lee , Virginia;  MA , 1950 . Psychology.

PAUL . LEE E ., Supervisory  Psychologist , Methods Research  Branch , GM R&E FEA , Fo r t
Lee , Virginia; BS, 1950. Psychometrics .
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6. U. S. ARMY SIGNAL CORPS

I. U. S. ARMY SIGNAL RESEARCH AND DEVELOPMENT LABORATORY, FORT MON-
MOUTH, NE W JERSEY

A. CURRENT WORK PROGRAM

1, internal

Studies were performed in support of the design and development of equi pments and
systems inc luding the following:

Control Tower A NI T S W - I
Infrared Imaging Devices Study
Radar Set A N/ T P N - 8  V

Corps and Army Communications Systems V

Unj con-i Subscriber Central
Subsystem Radar Set AN/MPQ-32
Detonation Location Central AN/ GSS-5
Radio Set AN/ GRC-50

This work was performed under Contract Nr  DA 36-039 SC 78921 by Dunlap and Associates .
Inc.

As part of the Laboratory Product Review Program, human factors reviews were
made of the following equipments:

Radio Set AN / V R C - l Z  Audio Accessories
Telephone T A - 3 4 l / P T
Radio Set AN/ARC-44  Power Supply
Battery Charger PP- l659
Signal Generator SG-155/U
Homing Antenna AT-784/PRC
Radio Set AN/ GRC-53
Telephone Modern TA-368/ TCC
Power Supply PP-2127 1U
70 MM Processor and Viewer
Telephone Test Set TS-7 16/U

In addition , consultation was provided to research and development scientists and
engineers on a wide var iety  of human factors considerations including the following:

Readout problems in Surveillance Radars
Body and Hand size
Maintainability
Mock ups
Operator safety
Telephone Handset Design V

Telephone Ringing and Sidetone Problems

2. External

The Specification, SCL 1787 , “Human Factors Engineering for Signal Corps Systems
V and Equipment ,” has been referenced in all prime equ ipment specifications to which it has

applicability. in addition, a new “ standard paragraph” has been prepared for inclusion in
V equipment specifications to indicate broad areas of applicable enforcement requirements .

A program for developing task-synthesis system of use to design engineers is in
V progress. A theoretical model and an analysis vocabulary have been developed and initial

equ ipment and user  surveys have been conducted. A catalog of equipments and an app lica-
tion methodology are being developed . (DA 36-039 SC 78328 - Applied Psychology Corp..

V 1 Jun 59.-i Jul 60).
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B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Dunlap and Associates, Inc.

A Guide to Human Factors Considerations in the Design of Signal Corps Enclosures.
December 1959.

System Dynamics and Design Methods. October 1959.

A Methodology for Evaluation of Ground Surveillance Radars. June 1959.

Environmental Factors in Signal Corps Shelters.

Applied Psychology Corporation

First , Second , and Third Quarterly Progress Reports on Contract Nr DA 36-039 SC 78328 ,
“Design Standards for Man-Machine Tasks in Signal Corps Systems.”

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

GRIFFITH , PAUL E., Chief , Applications Engineering Branch; BA , Carleton College.

HUEBNER , DANIE L L., Chief , Human Factors Engineering Section; MA, The New School
for Social Research.

BREINEN , CHARLES, SP4; BA, Psychology, University of Buffalo.

REINHARD, ALFRED G., Electronic Engineer (General).

HENNESSY, JOHN R ., Psychologist; MA, New York Universi ty. V

V II . U. S. ARMY COMBAT SURVEILLANCE AGENCY. ARLINGTON 1, VIRGINiA (PROJECT
MICHIGA N)

A. CURRENT WORK PROGRAM

All human factors research under Project MICHIGAN is done by the Eng ineering Psy-
chology Group, Willow Run Laboratories, under a subproject entitled “Engineering Psychology V
Studies.” This subproject is organized into two Objectives. During the present contract year
the scientific and support manpower allocation to Objectives 1 and 2 , as described below , is
approximately in the radio d:2 .

All work is concerned with the capabilities and limitations of human operators in the
interpretation of displayed outputs of sensor subsystems of surveillance systems (photo ,
radar , IR) and in the processing of data from multiple sources to provide intelligence. The
principal independent variables of interest are the characteristics of the displays of surveil-

V lance data (including intrinsic characteristics of sensor outputs) and of information-gathering V

systems for collecting and interpreting these data; the principal dependent variables are
search strategies, detection times and accuracies, and decision strategies.

1. Objective 1: Investigations of advanced designs of sensor and information processing V
subsystems jointly with other relevant tasks of Project MICHIGAN , for the purpose of com-
paring alternative, feasible , and psychologically promising modes of display of sensor or
mult iple-source information.

a, In collaboration with the Infra -Red Laboratory, WRL , a study of the interpretation
of IR strip-map records as a functionofal ternative frequency “ clipping” techniques is under-
way with the best available samples of records representing different altitudes , times of day
and year . weather , etc.

b. In collaboration with the Data Processing and Simulation Task of Project MICHI-
GAN , WR L , a study of human error  in the detection and location of moving targets from Air-
borne MTI radar has been completed in an attempt to determine the contribution made by the
human operator to the AMTI Radar subsystemoutputerror.  The report is in prepa r ation, and
fur ther  studies are planned.
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c. In collaboration ~iith the Radar Laboratory, W R L , various questions regarding the
interpretat ion of high-resolut ion radar output displays are being investigated.

d. In collaboration with the Data Processing and Simulation Task of Project MICHIGAN ,
WRL , various processes and operator and operator-team functions associated with the col-
lation and interpretat ion of multiple-source data are being examined preparatory to experi-
mental investigations of operator and team efficiencies.

2 . Objective 2: Investigations of human operator capabilities in the detection and identi-
fication of targets in heterogeneous two-dimensional (map-like ) displays as a function of
intrinsic characteristics of the displays, such as density and relative characterist ics of
pseudo-targets (visual or perceptual “noise ”); number , size , shape , contrast , and patterning
of targets; and certain and probabilistic relationships between target locations and promi-
nently patterned features  of the disp lay.

a. Techniques for the production of stimulus materials which are judged to be suitable
for the simulation of sensor output displays have been developed for both individual (projection
equipment ) and group (paper-and-pencil) studies , and proving of the technique is current ly
under way.

b. Studies of speed of single target detection under conditions involving variation in
the density, contrast , and size will be comp leted during the summer of 1960. The projected
di splays are used in thi s stud y.

c. Studies of speed of single target detection and location under conditions involving
different amounts of information with :espect to the nearness of the target to prominent
patterned features of the display (which vary in number and type) is underway with the printed
display simulation.

d. Extension of studies with both projected and printed displays to other variables of
interest in defining operator characteristics in the interpretation of two-dimensional hetero-
geneous displays is in the planning phase.

V e. A study of the effects of instructions to the observer and background information
about the disp lay on the speed and accuracy of detection and ident ification has been completed
using abstract verbal material for the display.

V B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Subjective Probability in Decision Theories, by W . Edwards. UNCLASSIFIED, March 1959.

Some Effects of Target Microstructure on Visual Detect ion, by S. W. Smith and K. T. Louttit ,
Visual Search Techniques , Armed Forces--NRC Committee on Vision, Publication 712 ,
National Academy of Sciences--National Researc ”~ Council , Washington , D.C. 1960 .

Tactical Aerial Photography--Photo-Interpretation Field Tests, by W. T . Pollock, CONFI-
V 

DENTIAL. May 1959.

Costs and Payoffs are Instructions, by W . Edwards. UNCLASSIFIE D . July 1959.

Relations Between the Engineering Psychology Group and the Simulation Task, by W . Edwards.
UNCLASSIFIE D. August 1959.

Engineering Psychology ( 1957.1959), by A. W . Melton. UNCLASSIFIED. 11 August 1959.

Psychological Measurement and a Theory of Data, by C. H. Coombs. UNCLASSIFIED. Sep-
tembe r 1959,

Presentations by A. W. Melton, W. T. Pollock, and S. W. Smith at ACSI-OCRD Meeting on
“Human Factors Research in Image Interpretation, 1-2 September 1959, by A. W . Melton.
UNCLASSIFIE D. 4 September 1959,

V Decision Making Under Risk, by C. H. Coombe and D. G. Pruitt . UNCLASSIFIED. April 1960,
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a

The Engineering Psychology Program of Project MICHIGAN as Presented in USASRDL on
13 Octobe r 1959, by A. W. Melton . UNCLASSIFIED. 22 October 1959.

Probability Learning in 1000 Trials,  by W . Edwards. UNCLASSIFIED. February 29, 1959.

Information Measures Based on Overlapping Counts for Studying Sequential Dependencies, by
W , Edwards.  UNCLASSIFIED. 18 March 1960.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

MELTON , A, W ., Head , Engineering Psychology Group, WRL , and Professor of Psychology,
University of Michigan (PhD , Yale University , -

~ time).

EDWARDS , W .D., Research Psychologist (PhD , Harvard University,  5/12 time) .

FOSTER , H.F. ,  Associate Research Psychologist (PhD, Universi ty of Michigan , Full time) .

KINCAID , W .M., Mathematician, Assistant Professor of Mathematics, University of Michi-
gan (PhD , Brown Universi ty , 1/4 time).

POLLOCK, W.T ., Research Psychologist (PhD , Johns Hopkins University , Full time).

ROBINSON , G.H ., Engineer (M.A ., University of Michigan, Full time) .

SMITH , S.W ., Research  Associate , Psychology (M .A., Oberlin College, Full time).

WALKE R , E . L., Professor of Psychology, University of Michigan (PhD , Stanford University,
1/4 time) .

Ill . U. S. ARMY ELECTRONIC PROViN G GROUND, FORT HUACHUCA! ARIZONA,

AUTOMATIC DATA PROCESSING DEPARTMENT

A. C U R R E N T  WORK PROGRAM

I. Systems Design

Human Factors Specialist is currently working as a member of the “design types” on
the development of the Fire Support ADP Subsystem.

Human Factors areas considered are:

V Analysis of tasks
Analysis of decision requirements
Formats for presenting information
Work space layout
Design of inpu t panels
Personnel requirements
Training requirements

Methods used include detailed document analysis~ preparation of decision flow charts
and application of standard human engineering principles. The results consist of recom-

V rnendations and reports to the Tactical System Design Division.

2. Supporting Research

a. Input Accuracy . The human operator inputting data to an ADP system is like ly to
be much less reliable than the electronic system. Research is planned to study the relation

V between human input accuracy and such factors as formats, procedures , environmental
variation, and input equipment.

b. Aptitudes of Signal Corps personnel assigned to the ADP Department will be niea-
aured to determine their potential capability for maintaining ADP equipment.
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3, AD HOC Studics

Empirical investigations are being made of proposed desi gns of special purpose input
panels for the Fire Support Subsystem.

4. Systems Analysis

Studies , primarily analytical in nature , are being conducted to determine the role man
should play in an ADP system and the skill and knowledge required.

5. Miscellaneous Activities

Plans were developed early in FY 60 as guides to the human factors engineering pro-
gram.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Systems Design

“Fire Mission Procedures . BN FDC ’

“Equipment Design and Arrangement  Considerations for ADP System for Artillery”

“Development of Requirement for ADP Company Strength”

Supporting Research

“A General Model for Relating Human Factors to AD? System Performance”

“Human Inpu t Accuracy Test -- Test Plan”

“Personnel Selection for ADP Company”

“ The Application of a Logical Analysis Testing Technique to the EVATA”

AD HOC Studies

“Equipment Design an~ Arrangement Considerations for ADP System for Artillery”

Systems Analysis

“Methods for Decreasing Human Error  in AD? Systems”

V 
“USAEPG/ADP Department Specialized FIELDATA Troop Training Program for 1960”

“The Importance of Personnel Evaluation”

“The Evaluation of Operational Personnel in ADP Systems”

Mi~ ceilaneous Activities

“Human Factors and Training in the Field Test Facility ”

“Tactical Systems Test Division Test Program”

V 
“Human Factor Program Evaluating Man-Machine Relations in Subsystem Ia ”

“Human Factors Methodology”

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

TEEPLE , J.B., Psychologist; M.A., University of Pennsylvania.
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SIGNAL COMMUNICATIONS DEPARTMENT

A. CURRENT WORK PROGRAM

I. There are two current  tasks involving human factor engineering in the Signal Com-
munication Department.

a. Evaluation of Automatic Electronic Switching Equipment (Task Nr 42-58.00 17).

(I) Telephone TA-34l/PT
(2) Automatic Electronic Switching Central AN/TTC-lZ (200-line local).
(3) Automatic Electronic Switching Central A N / T T C - l 3  (long distance) .
(4) Automatic Electronic Switching Central AN/TTC-l4 (20/40/60).
(5) Automatic Electronic Switching Central AN/TTC-l5  (division tandem).

b. Pershin g Communication System E quipment (Task Nr 42-0001) .

Portable Scatter Communication Terminal ANITRC-80.

EVALUATION OF AUTOMATIC ELECTRONIC SWIT CHING

Human Factor Areas considered include:

(1)  Intelligibility (telephone instrument)
(2) Installation and maintenance (all equipment )
(3) Signaling range (telephone instrument)
(4) Extension range (telephone instrument)
(5) Work space layout (centrals)
(6) Design of controls and displays (all equ ipment )
(7) Arrangement of controls and displays (centrals)
(8) Directory function (centrals)
(9) Operating and technical manuals

( 10) Social environment (centrals)
(11) Analysis of tasks

PERSHING COMMUNICATION SYSTEM

Human Factor areas considered include :

(l~ Operation and maintenance (all equ ipment)
(2) Work space layout (shelter)
(3) Design of controls and displays (all equipment)
(4) Arrangement  of controls and displays (all equipment)
(5) Operating and technical manuals
(6) Social environment (shelter)

Equipment will be evaluated to determine compliance with human factors engineering
design practices . As of this date only a limited amount of equipment has been received on
“Evaluation of Automatic Switching” task and no equi pment received on “Pershing Com-
munication System” task.

2. Supporting Research - - None.

3, Ad Hoc Studies - - None.

4 . System Analysis  - - The systems approach to design will be used in an effort to im-
prove interaction between men and the equipment so as to increase overall effectiveness of
the system’s mission.

5. Miscellaneous activities

Preparation:

( 1 )  Preparing tapes of mono-syllabic words to be used in intelligibility test.

(2)  Pre l iminary tests to determine the need for any change in plan of tests.
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B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT -_ NONE .

C. BIOGRApHiCAL DIRECTORY OF PROFESSIONAL PERSONNEL

ABRAHAM , S .D., Psychologist;  B .A., Emory Univers ity .

COMBAT SURVEILLANCE AND AVIONICS D E P A R T M E N T

A . C U R R E N T  WORK PROGRAM

1. Most of the equipments and systems undergoing operationa l evaluation test ing by this
Department  originated with contractual or in-house effort  sponsored by U SASRDL. As Such
Human Factors Engineer ing is considered an integral part of the initial design and develop-
mental phase. Notable examples are the AN/ IJ SD-4 and AN/USD-5  Surveillance Drone Sys-
tems . On each of these systems . Dunlay and Associates  as a sub-contractor  provided a
detailed Human Factors Eng:neer ing  Report to the Prime Contractor.

2 . Notable exceptions to this procedure are equ ipments or systems which originate with V
contractual or in-house effort  sponsored by USAEPG. Here too , Human Factors Engineer ing
is considered an integral  part  of the initial design and developmental phase .

3 . All Test Plans originating within the Combat Surveillance and Avionics Depar tment  
Vare reviewed to insure that specific tests are included to determine that adequate Human

Factors Eng inee r ing  was util ized in either the initial design and development of the equip- V

ment and any subsequen t  modifications to it which have been effected prior to this te s t ing .

4 . Human factor areas considered are:

Personne l requi rements
Training requirements
Operation and Maintenance manuals
Check sheets
Test and/or  check-out equ ipment
~-Iandling equipment
Packaging
Work space layout

B . BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

Human Factors Engineering Study on the Self-Contained Automatic Navigation System
(SCAN) -- 30 June 1959, MELPAR Inc.

C. BIOGRAPHICAL DIRECTORY OF PROFESSiONAL PERSONNEL

(None spe c ifically assigned.)

ELECTRONIC WARFARE DEPARTMENT

A. C U R R E N T  WORK PROGRAM

There are current ly several Human Factors tasks being conducted within this department:

1. Equipment Desi gn

a. Man-Pack VT Fuse Jamrner
b. DECCA Homing Beacon Jammer

V c. AN/MLQ-7 Tracking Rada r
d, AN/ MLQ-8 (XE-2) VT Fuse Jamrner
e. Shoran-Tacan Jamrner

Human Factors areas considered in these tasks include:

a. Task analysis
b. Personnel requirements
c. Training requirements

j d . Operational requirements

211)
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e. Maintenance requirements
f. Work space layout
g. Systems analysis

Both ana lytical and empirical methods are used in evaluations of tasks. The results con-
sist of detailed recommendations for equipment modification.

2. Internal Studies

a. Development of Indices of Maintainability of Electronic Counter-measures Equip-
me fit .

b . Human Factors Evaluation of Departme ntal Power Units.

3 . Ad Hoc Studies (External to EWD )

a . A study to Develop an Index of Ope r ational Comp lexity for Electronic Equipment.

b. A Stud y to Develop a Program for training Personnel to Read and Speak throug h
Interference.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT 
V

Evaluation Report of Countermeasures Set AN/MLQ-8(XE-2) .

Evaluation Report of Man-Pack EDL Type 39.

Evaluation Report of the Multi-purpose Jarnrner Ula-M59 Installation.

Evaluation Report of the Multi-purpose Jammer 3/4-ton Vehicle Installation.

Evaluation Report of Countermeasures Set AN/ALT -2(XN-Z) .

Evaluation Report of Countermeasures Set AN/QRC.23b(T).

(The above reports are CLASSIFIED, however , the titles of the reports are UNCLASSI-
FIED.)

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNE L

ED WARDS , J.J., Psychologist , Head, Human Engineering Section, University  of Texas . 
V

CARRIGER , BARBARA K., Psychologist. University of Indiana,

V IV. U. S. ARMY SIGNAL AIR DEFENSE ENGINEERINGAGENCY, FORT GEORGE G. MEADE,
MARY LAND

A. CURRENT WORK PROGRAM

1. The following list of projects are currently deriving benefits from human factors
studies being undertaken principally by the University of Michigan.

a. Contract SC-70097 , Martin Company , AN/ FSG-l.

b. Contract SC-64627, University of Michigan, Design Study of Experiments.

c, Contract SC-64478 , Hughes Aircraft, AN/MSG-4 .

d. Contract SC-71183 , Martin Company , AN/F SG- l . Facilities,

e. Contract SC-74881 , Burroug hs Corporation , Study Automatic , Target Evaluat ion.

2. Human Factors Areas:

a. Analysis of tasks
- b, Personnel requirements (MOS studies)
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c. Training requirements
d, Handling equipment
e, Pre- and In-Test Activities
f . Systems synthesis
g. Reduction of human reactions in mathematical form
h. Manual and check sheets for engineering user tests .

The methods used are basicall y statistical in nature . Gene rally, through the use of large
scale computer progranuning, empirical resulti were obtained and recommendations offered.

3. Supporting Research

a. Detection and Radial Localit&tion of Eccentric Spots of Light on a Simulated Radar
Scope: This experiment represents an attempt to distinguish experimentally between locali-
zation errors which occur when the observer is asked to indicate the radial position of an
eccentrically presented spot on a simulated radar scope and detection er rors  which occur
when the observer is unable to perceive the spot , in this resea rch, the specific items con-
sidered are:

(1) Visual Detection
(2) Visual Acuity
(3) Extent of Form Field
(4) Visual Attensity
(5) Reaction Time
(6) Binary Pattern Recognition
(7) Estimation of Number
(8) Radial Localization

b. Operator Stability: This analysis was undertaken in an attempt to find a measure V
of operator performance which can be used to rank operators in terms of the goodness of
their performance. Stability was determined for:

(1) Time to Time
(2) Raid to Raid
(3) In relation to different functions , such elements as morale, job and training

satisfaction , previous experience and performance of others.

V c. Evaluation of Visual Factors in AN/ FSG-l Field Tests and Indor~ ement of Most
Satisfactory Lighting System.

Points considered are:

V (1) Light removal and room and dial illumination
(2) Smoking (Tobacco)
(3)  Hedonic tone (effect of color)
(4) Visual performance with goggles
(5) Coding

4. Systems Analysis

Human Factors in the Missile Master , AN/FSG-l Air Defense System

a. Representative man-model
b. Mathematical form of the model
c. Empirical material on operator performance
d. Future Human Factors Research
e. Design of Experiment in future field tests.

B. BIBLIOGRAPHY OF PUBLiCATiONS SIN CE LAST CONFERENCE REPORT

“Progress Report on Analy.is of AN/FSG-I Operator Characteristics,” by H. Foster ,
15 October 1958. 2354-635-M.

“Dete ction and Radial Localization of Eccentric Spots of Light on a Simulated Radar
Scope ,” by E. Rae Harcurn, 25 March 1959. 2354-649-M .
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“Evaluation of Visual Factors in the AN! FSG-1 Field Test ,” by E. Rae Ha rcum, 24 July
1959. 2354-655-M.

“Human Factors in the Missile Master AN/FSG -I  Air Defense System ,” by Foster ,
Kincoid , Walker , Jan 1960. 2354-25-R .

“Visual Recognition Along Various Meridians of the Visual Field IX Monocular and Bin-
ocular Recognition of Square and Circle. , ” by E. R . Harcum , April 1959. 2144-307- 1’ .

“Visual Recognition Along Various Meridians of the Visual Field: XU Acuity for Open and
Blackened Circle. Presented Eccentrically, ” by £ . R . Harcum , April 1959. 2144-3 15-1’.

“Visual Recognition Along Various Meridian. of the Visual Field: Xl Identification of the
Number of Blackened Circle. Presented,” by E. K. Harcurn and BlVackwell, April 1959.
2144-314- 1’.

“Visual Recognition Along Various Meridians of the Visual Field: Ill Patterns of Black-
ened Circles in an Eight Circle Template ,” by E. K. Harcum and A. Robe , April 1959. 2 144-
294 - T ,

“Visual Recognition Along Various Meridians of the Visual Field: VII I Patte rns of Solid
Circle. and Squares ,” by E. R. Harcum and A. Robe . April 1959. 2144-306-1’.

“The Evaluation Program for the AN/ FSG- 1 Antiaircraft  Defense System ,” Volume UI ,
2-354-14-S . Jul y 1959, pages 3-7 .

“The Evaluation Program for the ANIFSG- l  Antiaircraft Defense System,” Volume U ,
‘‘The AN/FSG-l  System Field Test ,” 2354-9-T , December 1958 , pages 6-13 , 29-38.

“The Evaluation Program for the AN/FSG-1 Antiaircraft Defense System , ” Volume I ,
2354-8-T , Octobe r 1957 , pages 8-16, 36-38.

“A Techni que for the Study of the Missile Master  System Operation ,” by Harold W .
Sherman, October 1959, 2354-12-K.

Symposium on Prediction of Performance of Large Scale Sys tems , 3 , 4 , 5 , Septembe r
1958 , held under sponsorship of USASADEA. 2354-11-S . Volume 1 paper 14 entitled “The
Role of Human Factors in the Evaluation of Information Processing and Decision Making V

Systems ,” by Ward Edwards and Harr ie t t  Foster .

“Principles of Dynamic Weapon Systems Programming,” by M. E. Salveson.

“Actions of Battery Commander in Target Selection During Fort Meade B Tests ,” by G.
V Schwenk, 6 April 1960.

“Tab Error Effects on Time to Lock-on and Probabili ty of Wrong Lock-on in FSG-1 ,”
by Max S. Schoeffler , 30 March 1960.

“Experimental Analog of TAB Assignment Problem .” by MaxS . Schoeffler , 26 April  1960.

“Fort Meade Tests - Comments, Gusses , and Heresies ,’~ by G. Schwenk, 26 April 1960.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

(No in-house professionals,)

V. Ti. S. ARMY SIGNAL EQUIPMENT SUPPORT AGENCY

A. CURRENT WORK PROGRAM

1, Development and promulgation of a Maintainability Specification for Signal Communi-
cations - E4~ ctr onics Equipment. Essentia lly classified as Maintainability Activity, this speci-
fication will establish quantitative requirements for maintainability; a program for coordina-
tion between the maintenance and desi gn eng ineers; de.lgn feature guidance for achieving
maintainable design ; and a method for quantitativel y scoring degree of achievement. It is

‘Vt ;
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significant from a Human Factors viewpoint because many of the design features which are
important in an ease-of-maintenance sense are equally human engineering oriented. There
is a broad area of common ground between human engineering design and maintainabili ty
desi gn. To that extent this activity contributes to progress in the Huma n Factors field . V

2. Man-Machin e Loop Data. While not formally classified as Human Factor. activity,
this agency makes a constant contribution in the course of coordination with the development
laboratory during equipment design and in the formulation of the Maintenance Support Plan
for each new equipment entering development. At the outset of planning, data are presented
concerning the training, skills, and facilities available to the maintenance personnel antici- 

Vpated to be responsibl e for maint enanc e of new equ ipment. As development progresses the
maintenance requirements  are closely watched in order that needs for new skills , training
or additional facilities m a y  be recognized and action initiated for implementation. In this
manner every effort is made to optimize the relationship between the maintenance man and
the equipment.

3. As part of the Product Review and Value Analysis Program this Agency, through its
Product Review Committee ’s anal ysis of the Human Engineering Report in conjunction with
the other fou rteen (14)  areas considered during product review , assures that vital and essen-
tial Human Factors receive proper consideration in relationship to the other disciplines
bearing on the equipment design.

B. BIBLIOGRAPHY OF PUBLICATIONS SINCE LAST CONFERENCE REPORT

ASTIA AD 219 988 Development of an Index of Maintainability: A Research Report. Munger , V

M. K ., J. Willis , M. P., American Institute for  Research, DA 36 039 SC 66488. 
V

ASTIA AD 219 989 An Index of Maintainability: Instruction Manual. Munger , M. R ., and
Dannel s, G., American Institute for Research, DA 36 039 SC 66488.

ASTIA AD 219 987 An Index of Maintainability: Evaluation Booklet. Munger, M. R., and
Altman, J . W ., American Institute for Research, DA 36 039 SC 66488 .

The above publications while classed as Maintainability documents , contain a great deal
of design guidance equally applicable to Human Factors design. 

V

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNE L

(No in-house professionals,)
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‘7. U. S. ARMY TRANSPORTATION CORPS

U. S. ARMY TRANSPORTATION RESEARCH COMMAND, FORT LUSTIS, VIRGINIA

A. C U R R E N T  WORK PROGRAM V

1. E quipment Evaluation

Date Estimated
Title Experimenter Started Completion

a. Lighter , Amphibiou s Cargo J . W . Bailey Aug 1959 Sept 1961
Resupp ly (LARC)

Evaluation of the Human Factors Eng ineering aspects of the cab and the controls,

b. Overland Train J. W . Bailey Jan 1960 Sept 1961

Human Factors E n g i n e e r i n g  Stud y of the Overland Train , being an environmental  stud y
on the work space used , the con t ro l s , cab , the in s t rumen t  panel , wind shi elds , s tee r ing  wheel ,
seating foot pedal and the arrangement  of the living quarters.  Mock-up now read y for inspec-
tion.

2. Supporting Research

a. HFE Handbook for TC J .W . Bailey Jan 1960 June 1962
Equi pment

The prepara t ion of a “Human Factors  Engineering Handbook for Transportat ion Equip-
rnent Desi gners ” has  bee n s tar t ed .

b. Effect  of Vibrat ion or Human Bostrom Research Dec 1959 Dec 1960
Performance Lab

A contract with Bostrom Research Laboratories has been awarded through HEL ,
Aberdeen , Mary land , to study the effect  of low frequency, high amp litude whole body vibration
on human performance. The study is approximately 50% comp lete. 

V

c. Aviation Crash Injury F.P . McCourt Sept 1959 Continuing
Research TRECOM, Fl ight H

Safety Foundation

Purpose: To provide for increased crash survivability for occupants of Army airc raft.
To determine the s t ructural  components most conducive to injuries to crew and passengers. V

To development design cr i ter ia  to overcome these limitations and apply such criteria to future
designs.

Status: Contract awarded in l959to Flight Safety Foundation of New York. The major.
ity of work is actually accomplished by the Aviation Crash-Injury Research (AVCIR) division
at Phoenix, Arizona. Contract provides for:

( I )  Training courses for crash investigators (funded by O &M ,A funds , monitored
by this contract) .

(2) Analyze and code crash injury reports for statistical analy sis .

(3) Prepare general design parameters for crash safety requirements.

(4) Evaluate and report on Army model specifications and mock-ups. V

(5) Formulate a manual for investigators of Army aircraft crashes.

(6) Conduct crash injury investigations of Army a i rcraf t  accidents.

Work is proceeding on each of the above item, . TC Is currently conducting engineering eval-
uations of recommendation, made as a result  of three  Army a i rcraf t  accident investigations .

2fl

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~- - -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V -



— ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - - S -

Date Estimated
Title Experimenter Started Completion

d. A/C  Vulnerability and F.P. McCourt Feb 1959 Continuing
Pilot Armor TRECOM

Capt. J. Senna , QMC

Purpose: To determine the degree of vulnerability of Army a i rc raf t  and the optimum
degree of protection which can be provided for the air crews through the combination of per-
sonnel armor and aircraft  armor.

Status: At the Personnel Armor Conference in 1958 , it was decided that the problems
affecting the protection of a i rcraf t  and crews could best be solved on a Joint User - In te r  Tech-
nical Services basis. Therefore , an Ad Hoc Committee on Ai rc ra f t  Armor was organized to
deal with the problems. Representatives f romQM, ORD , USCONARC, MED, SIG and TC corn-
posed the membership with the TC member as chairman. A working group of this committee
was formed as the Aviation Vehicle Environmental Research  Team (AVERT) .  The team co-
ordinator is the QM member.  AVERT has published one report  dealing with their analysis
and recommendations for  armor protection of the L .l9  and its crew.  AVERT is present ly
studying the next a i rc ra f t  as published on a priority list by USCONARC.

B. BIBLIOGRAPHY OF PAPERS PUBLISHED SINCE LAST CON FERENCE REPORT 
-
~ V

Bostrom Research Laboratories . The Effects of Low Frequency, High Amplitude Whole Body
Longitudinal and Transver se  Vibration on Human Performance, being the Firs t  Quar ter ly
Progress  Report for the period , 13 January 1960 - 13 April 1960 . Bostrom Research
Laboratories , M ilwau kee , Wiscons in , April 1960 . Two pages Contract No. D A -l l - 0 2 Z -
509-ORD-3300 , Ordnance Project  No. TEL 1000 , U . S. Army Transportation Research
Command. Project  9 R 9 5 - 2 0 - O O l - O l O , TRECOM House Task 30002. 02. MIPR Contract  No.
R60.8-T C-RE .

Ki rne , James A ., and Harp, Charles H . A study of the Vulnerability of Representat ive Trans.
portat ion Corps Instal lat ions to Biological Warfare .  U. S. Army Chemical Corps , Bio-.
logical Warfare Laboratories , Fort Detr ick , Mary land , April  1960 . 55 pages. I l lustrated.
U. S. Army Transporta t ion Research Command , MIP R Contract.  Fort De t r i ck  Control
No, 60-FDS-1l58 ,

Aviation Crash In jury  Research Staff. Crash Inj ury Investigators School , Program of Instruc - V

tion . Sky Harbor  Ai rpor t , Phoenix , Arizona . Aviation Crash Injury Research , Phoenix ,
Arizona.  10 pages. U . S. Army Transporta t ion Resea rch  Command Contract  No. DA-
4 4 - l 7 7 - T C- 6 2 4 , March  1960 .

Carroll , Jack and Knowles , William K . Draft  Report of Crash Injury Evaluation, U . S. Army
Y H C -IB - Ve r t o l  Chinook Mock-up. Morton , Pennsy lvania, January 1960. Aviation Crash
Injury Research , Phoenix , Arizona , 1960 . 107 pages , i l lustrated, U. S. Army Transpor-
tation Research Command Contract DA-44-177-TC-624 .

Carroll , Jack; Knowles , William K .; Bugg ink , George M ,; and Roegner , Harold F., Crash In-
ju ry Report , U . S. Army H U - 1A , Bell Iroquois Helicopter Accident , East St. Louis , Illinois ,
21 Octobe r 1959. Aviation Crash Injury Research , Phoenix , Arizona , January 1960 . 49
pages , illustrated. Appendix 12 pages , U. S. A r m y  Transportat ion Research  Command, V

Contract DA-44-177-TC-624 ,

Carroll, Jack; Roegner, Ha rold F.;and Knowles, WilliamR, Crash-Injury Report. U. S. Army
U - l A  DeHavilland Otter Accident , Fort Carson , Colorado , 16 June 1959. Aviation Crash
Injury Resea rch , Phoenix , Arizona. 6 1 pages , i l lustrated.  U . S. Army Transporta t ion
Research Command , Contract DA-44 -177-TC-624 , 1960 .

Roegner , Harold F. Improper Instruct ion in the Use of Safety Belts in the H-2l  Helicopter
Manual.  Aviation Crash Injury Resea rch , Phoenix , Arizona . 5 pages , i l lustrated . U . S.
A r m y  Transportation Research  Command , Contract  D A - 4 4 - 17 7 - T C - 6 2 4 , M a r c h  1960.

Roegner , Harold F. Draft  Repor t  of Crash Injury E’ on , G’~ ‘~an AO .lBF . U . S. Army
‘Mohawk” Mock-up. Bethpange , L. I., New .- , Mar 0. Aviation Crash Injury

Resea rch , Phoenix , Arizona , 1960 . 24 pages , ~~iust ra t e~ S. Army Transp ortat ion
Resea rch  Command Contract  DA -4 4 - l7 7 - TC - 6 24 .
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Roegne r , Harold F.; Knowles , William K,; Buggink, George M., and Carroll , Jack. Crash In-
jury Investigation, U. S. Army H.2 1C , Shawnee Helicopter Accident , Big Meadows , Vir-
ginia , December 2 , 1959. Aviation Crash Inj ury Research, Phoenix , Arizona. 57 pages ,
illustrated. U. S. Army Transportation Research Command. Contract DA-44-177-TC-
624 , February 1960 . TCREC-Technical Report , 60-141.

C. BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

U. S. Army Transportation Research Command, Fort Eustis, Virginia

BAILEY , JOHN WENDELL , Chief , Life Sciences Division, Research Directorate, in charge
of Human Factors Engineering; PhD , Harvard University, 1927,

McCOURT , FRANCIS PATRICK, Chief , Research Analysis Division, Aviation Directorate.
S

MERRITT , ELME R VERNON , Military Applications Branch , Research Analysis Division,
Aviation Directorate.
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