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1. This report is the record of subject conference held at the
Wal ter Reed Army Institute of Research , Wal ter Reed Army Medical Center ,
Washington, D. C., 14—17 October 1963. The continued annual sponsorship
of these conferences and the publication of this report by the Chief of
Research and Development , Department of the Army, reconfirms the va luable
cont-ribution of the conference to the interchange of information among
agencies and personnel concerned with the effectiveness of the U. S. Army
soldier and his equipment in the operational environment . A compendium
of current Army human factors research and development work programs is
ixscluded in the appendices of this report.

2. The conference successfully serves the vital functions of bring-
ing together the diverse elements of the Army’s human fac tors researc h
and development activities and stimulating joint efforts on common
problems. This year, as in the past , the scope of the conference has
been widened to include a larger number of both military and civilian
agencies and institutions interested in the various facets of the human
factors program.

3. The Army’s Human Factors Research and Development Committee is
to be commended for thoroughly planning and effectively conducting this
successful conference . The committee is encouraged to continue its
diligent and critical search for more effective means to assure that the
Army derives full benefit from the application of the reaults of research
in the psychological and social sciences. Comment! regarding thia
conference may be directed to the Chief of Research and Development ,
ATTN: Chief , Human Factors and Operations Research Division , Department
of the Army, Washington, 0. C. 20310.

FOR THE CHIEF OF RESEARCH AND DE LOPMENT :

‘I I 
-

Brigadier General
Director of Army IRes h

DISTRIBUTION:
One copy to each conferee
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CDC, USCONARC, (20) ea.; USAUJL, USA Rsh Office (D), tEA R&D Gp (Europe),
WA R&D Gp (Far East) (3) ea.; USA Elm, Def Rsh 0, Latin America (2) ;  USAPRO
(5); Navy: ONR ( 5) ;  Air Force: D~~/R&T, D/R (5) ; Misc: DDR&E, RAC (3) es .;
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REPORT OF THE
NINTH ARMY HUMAN FACTORS RESEARCH AND

DEVELOPMENT CONFERENCE

CHAPTER 1. INTRODUCTION

lA. BACKGROUND accomp lished by a U. S. Army Human Fac-
tors Research and Development Committee

References: (Formerly the Army Human Factors Engi-
a. Conference Report , “Army Human neering Committee). The committee is com-

Eng ineering Conference , The Pentagon , posed of representat ives of the Chief of
14-15 December 1955. Research and Development (Chairman) ,  the

b. Report . ‘Second knnual Army Engi- U. S. Continental Army Command , U. S.
neer ing Psychology C o n  f e r e n c e ,” Army Army Combat Developments Command, Corps
Medical Research Laboratory, Fort Knox , of Eng ineers , U. S. Army Materiel Command ,
Kentucky, 7-9 November 1956. and The Surgeon General. In addition to the

c. Report , “Third  Annual Army Human above representation directed by reference i ,
Factors Eng ineering Conference , ” Quarter- the committee has been augmented since
master  Research  and Eng ineering Command , 1960 by regular participant observers from
Natick . Massachuset ts , 2-4 October 1957. the U. S. Army Personnel Research Office ,

d. Report , “Fourth Annual Army Huma n a Class II activity under the jurisdict ion of
Factors E n g i n e  e r i n g  Conference ,” U. S. OCRD; the Human Resources Research Of-
Army Chemical Center , Mary land , 9- 11 fice (HumRRO), of The George Washington
September 1958. University; the U. S. Army Board for Avia-

e. Report , “Fifth Annual Army Human tion Accident Research (USABAAR) and the
Factors Eng ineering Conference ,” Redstone Special Operations Research Office (SORO).
Arsenal , Alabarna , 22 -24  September 1959. Purposes of the Conference are:

f. Report , “Sixth Annual Army Human
Factors Engineering Conference , ” Fort Be!- a. To provide direct exchange of in-
voir , Virginia , 3-6 October 1960. formation on human factors  research  and

g. Report , “Seventh Annual Army Human development among personnel of U. S. Army
Factors Eng ineering Conference , ” Univers i ty  development agencies , and between these and
of M ichigan , 3-6 October 1961. representat ives of user  agencies and other

h. Report , “Ei ghth Annual Army Human qualified individuals .
Factors E n  g i n  e e r i n g  Conference , ” U. S. b. To provide recommendations and
Army Infantry Center , and U. S. Army In- suggestions to be followed up by the U. S.
f an t ry  School , Fort Benning,  Georg ia , 16-19 Army Human Factors Research and De-
October 1962 . velopment Committee to a s su re  exp loitat ion

i. Army Regul a t ion7o-8 , Human Factors of all opportunities for  improving man-
and Nonrnateriel Special Operations Re- machine compatibility in the desi gn of U. S.
sea rch , dated 9 August 1963. Army materiel .

c. To provide a conference  report  which
Sponsorship and Planning of the Conference will serve as a useful , authori ta t ive , and

complete compendium of cu r r en t  work pro-
The U. S. Army Human Factors Research  gr ams and r elated info r mation concerning
and Development Conference is sponsored al l  U. S. Army human factors  eng inee r ing
annually by the Chief of Research and De- research  and development ac t iv i t ies .
velopn-ient , (OCRD) Departr~n n t  , f  the Army .  Following the invocation by Lt. Colonel
This conference  is the ninth in the se r i e s .  Dennis F. Murp hy, Chapla in, the Ninth  Army
Previous con fe r ences  have been desi gn ated Human Facto r s R esea r ch and Development
Annual U. S. Army Human Engineer ing Con- Conference  was cal led to order  in Sternberg
ference .  The conference  has been redes-  Auditor ium , Walte r Reed Army Insti tute of
ignated in order  to r e f l ec t  a broadened Research , Wal t e r  Reed Army Medical Cen-
scope. The confe rence now encompasses  not t e r , Wash in gton , D. C. at 0900 hours , 15
onl y the human fac to r s  eng inee r ing  work  of October 1964 by General  Confe rence  Cha i r -
the  A r m y ,  but includes programs in a l la reas  man , Dr. Lynn E. Baker , U. S. A r my  Chief
of human f a c t o r s  of in te res t  to the Army.  Psycholog ist , Human Factors and Operations

Prev ious  conferences  have been repor ted  Resea rch  Division , Off ice  of the Chief of
in reli r er i c c s  a th roug h h above. Resea rch  and De~ e 1opment , Depar tment  of

I lL a c c u r d a n c e  with r e f e rences , p lannin g the A r m y .  Reg istra t ion of the confe r ees
fo r the c~,n f c r . nce , as wel l  as fo l low-up  of was accomplished at S te rnberg  Audi to r ium ,
it s sugg - t l o n s  and r ecommendat ions , is 1200-1700 hours  on 14 Octobe r 1964 .

____ - ..—~~— — - — —,.-- - . —--—. .-—



Bri gadier General Robert E. Blount , MC , Walter Reed Army Institut e of Research , for
Commanding General , U. S. Army Medical the excellent planning and outstanding prep-
Research  and Development Command , Office aration for the conference;  and to Mrs.
of The Surgeon General , welcomed the con- Marie Russell  and Mrs .  Carol Unger , for
ferees  on behalf of The Surgeon General’s their thorough and e f f i c i en t  handling of ad-
Office. He was followed by Colonel Wil l iam ministrat ive matters  in connection with the
D. Ti gert t , D i  r e c t o  r and Commandant , conference .  The grat i tude of the conferees
Walter  Reed Army Inst i tute  of Research , who is also extended to the nume rous enlisted
welcomed the conferees  to Wal ter  Reed and men and civil ians who provided the excel lent
placed the faci l i t ies  of the Ins t i tu te  and the technical  support in the form of audio-visual
Army Medical Command at the disposal of aids for  the confe rence  and facil i tated the
the conferees .  The keynote address was de- o rder l y conduct of the meet ing.
livered by Lt. General Wil l iam W. Dick , J r . ,
Chief of Research and Development. The Adjournment
fu l l  text of General Dick’s address appears
later  in this report.  The confe rence  adjourned at 1600 hours on

The Conference Banquet was held in the 17 October 1963.
Walter  Reed Army M~ dical Center  Off icer ’s
Open Mess at 1800 hours , 15 October 1964. Forecast for 1964
Dr . Roger W. Russel l , Chairman , Department
of Psychology, Un ive r s i t y  of Indiana , Bloom- The h is tory  of this annual confe rence  has
ington , Indiana , was the toas tmaster  for this been one of growth and expanding scope.
occasion. The forecas t  made in the previous confer-

During the second day of the conference , ence report  nas indeed mater ia l ized and this
conferees  were privileged to tour laboratories 9th conference  was in every respect an
and facil i t ies of the Walter  Reed Army In- Army Human Factors Research and Develop-
sti tute of Research both at the main facil i ty rnent Conference.  This report marks  the
and at the Forest Glenn Annex. The main f i r s t  instance of the inclusion of the work
demonstrat ions and tour included the follow- program of the Special Operations Research
ing: Medical Equipment Development Lab- Office within Appendix II of the document.
ora tory,  Prevent ive  Virology,  Introduction Since the last report the planning commitLee
to the Division of Neuropsychiatry,  WRAIR , f or this conf er ence has been r econstituted in
Neuroendocrinology and Experimental  Psy-  conformance with the reorganizat ion of the
chology,  Nuclear  Reactor Facility. Heart Army.  The government regulation AR 70-8
Pump, Psychology Laboratories, and Pros- covering Human Factors and Nonmater ie l
thet ics  Laboratory. Special Operations Research has been com-

pletely revised and reissued. The present
Acknowled gements conference herein reported was the f i r s t  to

witness the appearance on the program of a
The conference extends to its hosts , the representative of the Army of one of our
Medical Research and Development Corn- Allies. The location of this confe rence  and
mand in The Surgeon General ’s Office , the the opening paper by Dr. Rioch , Director of
Walter  Reed Army Inst i tute  of Research of the D i v i s i o n  of Neuropsychiatry. Walter
the Walter  Reed Army Medical Center . and Reed Army Inst i tute  of Resea rch , hi ghlights
the r e s p e c t i v e  Commanding Generals the reemphasis on the areas of mutual in-
ther eof , our appreciation and congratulat ions te rest  between the human factors  field and
for  the outstanding manner in which the the medical f ie ld.  The work of this con-
conference was planned and conducted. Spe- fe rence  and the planning committee wi l l  con-
ci f ically ,  the conference wishes to record tinue to focus upo n the integrat ion of human
its appreciation to the following who toiled factors specialities in the solution of broad
dili gentl y for our comfort  and convenience: Army problems. Questions will  be viewed
Lt . Colonel William Hausman and Dr. Glenn in a less elemental fo rm and will  to an in-
R. Hawkes , Chief and Assistant Chief , re-  creasing degree be seen in a total opera-
spectively, of the Behavioral Sciences Di- tional complex with all human factors as-
vision , U. S. Army Medical R&D Command; pects related one to the other in a proper
Lt. Col. Paul Wentworth , MSC. Secretary, perspective.
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lB. KEYNOTE ADDRES S

L ieu tenan t  General William W. I)ick , Jr.

Chief of Research and Development

Dep artment  of the Arm y
Was hington . D.C. 20310

Genera l  Blount , Colonel I i gertt , distingu ished It is g ratif y ing to observe that many of
gues t s , ladies and gen t l emen,  your e f fo r t s  which were  in the research  stage

Let me beg in my re ma r ks by asking a dur ing my previous tou r are now in operation.
quest ion:  what is the A r m y ? I will answer  HumRRO tasks , OFFTRAIN and NCO are
by say ing that the A r m y  is many  things:  it among these.  The Of fice r  Evaluation Center
is an i n s t r u m e n t  of na t ional  pol icy;  it is the is in operat ion at Fort  McClellan as a resu l t
nation ’s force  for engag ing and defeat ing an of the effor ts  of the U.S . A r m y  Personn el
en emy in sustain ed ground  combat ;  it is a Research Office. Our Pershing missile sys-
va st and com p lex o rg anization deploying tem is be tte r becau se of the ca r eful human
wea pon systems a r ound the world; the A rmy fa ctors  eng inee r ing which acc ompanied its
is all this , and much more .  But the simp lest  deve lopment.  I am happy to note that I could
way to understand the A r my  and A r m y  prob- enumerate  at considerable length your ac-
lem s is to understand that the ar my is Me n. complishments  ri ght here at Walter Reed ,
The backbone , the powe r , the s tr ength, the as well as at SORO , the Natick Laborator ies ,
exc ellence of the A rm y r eside in the men A r m y  Medical Research Laboratories , and
who comprise it. the other laboratories  doing research in thi s

For all of oul p rogress  in weaponry ,  vital area.
and regardless  of the supe r io r i t y  of our ma- However , it would be an unusual keynote
teriel , not a sing le missi le fli es , not a tank address which hi ghli ghted and dwelt upon the
moves , not a rifle f i r ec  until the man takes accomplishments  of the past. Rather , it is
his plac e in the picture.  Onl y when we have my intent ion here today to indicate to you
well-trained and well-disciplined tr oo ps , so m e goals toward which you should proceed .
competentl y led , do we have an A r m y .  I p ropose to remind you of some of the un-

Small wonder then that the Army takes solved problems with the intention of stimu-
great  in te res t  and g reat pr ide in it s men , in lating you to renewed e f for t s  to overcome
the excellence of their t ra in ing ,  thei r char- them. I hope to challenge you to pursue  with
acter , the level of their skill and the quality increased zeal the solution of Armyproblem s
of their per formance .  This exp lains the within your purview.
A r m y  de te rmina t ion  to provide those men Note well that the solution of A r my  prob-
wi th the f inest  weapons and equipment - and lems is the ult imate jus t i f icat ion for  the
th e co n ce r n that th ose men und erstand wh y existence of A r m y  research and development.
they serve. Thoug h research and development  be in-

It is trul y a pleasure for me to take this te res ting ,  of bene f it to mankind , add to our
opportuni ty  to address those of y ou whose knowledge , and fu r t he r  the common good , the
pr imary  concern is with the quali t ies and simple fact  remains  that the purpose of
character is t ics  of our soldiers . You who spending the taxpayer ’s dollars on A rm y
wo rk in the human fac to rs  area a r e directl y resea rch and development  is to solve A r my
responsible to the A r m y  for the excellence problems.
of its manpower.  It i s  you who devise the Since A r m y  R &D  suppor ts  the A r m y
selection me th ods and adv ise on c r iteria to mi ssion it ma y be appr opri ate to touch upon
he used.  I t i s  you who mus tp rov ide  the prog-  A r m y  roles in the world today and to specu-
ress  in improving t ra in ing  p rograms  and late upon the possible shifts  in emp hasis
tra ining methods , enhance and define leader- among these roles. You all know that the
shi p, and promote the spir it and mo t ivat ing t raditional , off icial , and p r i m a r y  m i s s i o n  of
forces of A r m y  men. Also , it rests  with you the Army is to en gage and defeat  the enemy
to provide through your research  the in for -  in sustained ground combat. However , b y
mation which the A r m y  needs in work ing  with world events we are  being forced toward the
people of other cul tures  in its newl y empha- dic t ionary  de f initi on of combat as a fight , a
8ized roles in civic action and in coun te r -  s t rugg le. As President  Kenned y put it: “ The
insurgency.  mis sion of our Armed Forces - and especial l y

U pon my re turn  to A r m y  Research  and the A r my  today - is to maste r these ski l ls
Development af ter  two and a half yea r s  in and techniques [of Special War fa rel  and to
other assignments , it is both in teres t ing  and be able to hel p th ose who have the will to
ins t ruct ive  to note the changes which have hel p themselves.  Pure mi l i t a ry  skill  is not
occurred,  enough . . . .  To win in this s t rugg le our

5
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off icers  and men must  unders tand and corn- around an eng ineer ing  or ph y sical p r inc i ple
bine the poli ti cal , economic , and civil ac t ions  with the naive idea that  the human , as a mat-
with skilled mi l i t a ry  e f fo r t s  in the exec~xtion ter of course , will be able to inte rp r et th e
of this miss ion.” output of the equi pment . This  has not a lways

The al ternat ive s now open to the P rmy  proven to be true.  Suffice it to say,  i n the
range in the spectrum of conflict f r on t  the in te res t  of bud getar y econo my alone i t  wil l
cold up to an openl y declared hot war.  Thi s be necessary  to evaluate proposals  much
mean s , for example , that the Sino-Soviet more dili gentl y than we have been doing to
probes in so-cal led  “wars  of national lib- include the pifl ’ -‘ of the human in the sys tem
erat ion ’ can f i r s t  be met in the subbelli ge r -  as well as the ~ bility of the human to utilize
ency range . i.e., civi c action and counter-  the syste m .
insurgency operations , and a wide var ie ty  of I feel that we need a new look at our
other mil i tary  measures short  of al l-out procedures  for the development of new i tems.
war.  Much of the change in or ienta t ion is Although we extol! a new developm en t as a
reflected in a build-up of special warfare  major advance over previous mater ie l , all
forces and teams which expand the capabili - too often it tu rns  out to be d isappoin t ing l y
ties of the military assis tance adv i so ry  similar to previous i t ems .  I believe this
groups and mi l i ta ry  missions. This in turn may resul t , in part , f rom res t r i c t ing  our
has expanded the relationships between our thinking to the traditional relat ionship be-
own militar y and f or ei gn troops. tween prior equipment and the opera tors

In this connection , it is of int e r e s t  to me mann ing the equipment. In build in g a new
to observe the change and growth .of this con- item , it mi ght be f ru i t fu l  to beg in b y review-
ference over recent years .  I heart i l y con- ing the mi l i ta ry  mission of that item and
gratulate you on broadening it f rom an A r m y  performing a detailed anal ysis  of the func-
human factors  eng ine ering conference  into a t ions  which the new materiel  must  pe r fo rm.
meeting which very  properl y considers  the This will lead to an identification of the m a n -
relation between man and man , but indeed machine-envi ronment  relat ionship s and th e
between man and his culture. I understand interact ions which are crit ical to the success
tha t for  the f i r s t  time in the h i s to ry  of this of the final product.  These initial anal y s e s
conference the research  of SORO will be in- will indicate the feasibi l i ty  of using human
chided both in the program and in the pro- operators  and suggest  what their  role s should
ceedings of this conference.  This is most  be. They will p r ovide a basis f or es t imat in g
t imely, for the new task of nu r tu r ing  condi- the number of pe r sonne l  required . Taken in
t ions which enc ourag e the in ternal secu r i ty  thei r en t i r e ty,  these  anal y ses will a s s i st in
of le ss developed nation s di ff er s great l y f rom determining  the conf igu ra t ion  of ma te r i e l  and
that whic h was involved some ten yea r s  ago in de termining  the design of components  so
in assisting countries to rebuild their rn ili-  that the f inal  man-machine  combinat ion  will
tar y pos t u re p r imarily for  defense f rom cx- have maximum e f f e c t i v e n e s s .  This  would
te rnal  threats .  Establishment and apprecia- lead to what I would describe as a full y in-
t ion of the new attitudes , the new ins tit uti ons , tegrated man-mach ine  s y s t e m .
and the new values required is a much more I wish to tu rn  for  a few m o m e n t s  to cer-
comple x pro cess than tha t of providing fund s tam specific gaps which ex is t  in the f ie ld of
for  a rms for defense. It calls f o r  new pro- human fac tors  knowled ge.
ced ur es , new techn iques , and an appreciation Wh y is it that we have so i n a d e q uit e l y
of th e valu e of the social  science disciplines correlated the measures  of the ph ys io logical
which , as re centl y as ten years ago , we re not condition of the bod y with the pe r fo rmance  of
f r e qu entl y called upon. We mus t  now be the individual ? We know enoug h re ason abl y
awa r e of all of the im plications that ar ise  in to expect such cor re la t ions  to ex is t .  I r a i se
de al ing  with the social re la t ionships and othe r this point  merel y as a specific example typif y-
as pects of fo re ign  cu l tu re s  wi th which we ing the u rgen t  need for  a comprehens ive  and
are  now faced,  inte nsive program of r e sea rch  to advance the

0 v r  the yea r s , we have seen human unders tanding and prediction of human  p e r -
eng inee r i ng expand f rom the statement of forrnance and individual behavior.  Essent ia l
populat ion s t e r e o t y p es , knobs  a nd dials , and to this advancement  is the ext ens ion  of knowl-
a f t e r - t h e - f a c t  m o d i f i c a t i o n  of equi pment , to edge concern ing  the fundamenta l  psycholog-
a concept  of sy s t em desi gn and the balancing ical , ph y siolo gical , and bio mechanical  fa c t o r s
off of the human ope ra to r  agains t  machine which influence human p e r f o r m a n ce .
f u n c t i o n  to op t imize  the e f f i c i e n c y  and effec-  As I have noted , an eff ec t ive  A r m y , no
t iv e n e s s  of t h e  total s y s t e m . I bel ieve that matte r what its comp lexion , is founded on i i i

here  also we have  en t e r e d  a n ew  s tage  which o rgan ized  bod y of t rained men.  Your  r e~
seeks  to ca pi t a l i z e  on the uni que capabilities search m u s t  be d i rec ted  toward g u a r a n t e e i n g
that  the h u m a n  being can c o n t r i b u t e  to the the c o n t i n u i n g  a v a i l a b i l i t y  of qualif ied per-
s y s t e m . Our d i f f i c u l t i e s  with  ce r ta in  i t ems  sonn el  to cont ro l  and man the o r g a n i / a t i on s
of m a t er i , t a r e , to me , due to a lack of ap— of the m o d e r n  A r m y .  Effect ive  and e f f i c ien t
p r e c i i t . i u n  of the human  e l e m e n t.  I hese t r a i n i n g  i n the s ho r t e s t  possible t ime  and  at
ite ms have been des i gned and deve loped  the smal les t  possible cost  is One of the
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p r in  ip al goals of that r e s e a r c h .  We must u t te rance  has not diminished with time , and
de f i n e  those ski l l s  and a reas  that can be it is with “that mater ia l”  that you a r c  con-
most e f f i c i e n t l y taug ht in the school environ-  cerned .
ment  a,:d those  th at n e c e s s a r i ly must  be I know there  is a tendency among the
l e a r n e d  In a un i t  on the job .  peop le working in the r e s e a r c h  and develop-

Another  topic for  r e s e a r c h  I consider ment field to emph asize  the machine as the
most f u n d a m e n t a l .  You have studied this  with important element in the weapons systems
some s uc c e s s , but not enoug h. I speak of we are  devising.  It is the machine that is
mot iva t ion,  the  p r ime mover  of human act ion,  being developed on the drawing boa rds an d in
How do we mot iva te  d e s i r a b l e  men to join the the shops.  The machine is new . Man is
Army ? How do we motivate men to learn , pret t y much what  he was thousands  of yea r s
to lea d , to fol low , and to fi ght? How do we ago. The machine appears  to do bet ter  t h a n
f ind that  spa rk , that  e lec t romot ive  force  man. It can see and hear  bet ter , move fas te r ,
within ev e r y  individual  and adjust  it so that punch h a r d e r .  Perhaps  another  reason for
he will  do wh at he should when he should.  r ega rd ing the  machine  as the important  corn-
You a r(  b et t er  than I at g iving a t echn ica l  ponent in our man-mach ine  sys tems is that
desc r iption of motivat ion , but you a r e  no th production of machine s involve s peop le ’ s
be t te r  at r ecogn iz ing  its pract ica l  importance livelihood. Machines  mean jobs .  Product ion
to the A r m y .  I don~t have  the a n s w e r s , but of people , I am informed , is avocational, a
perhaps  you can find them. The fundamenta l  le isure ac t iv i ty .
and cr i t ica l  role of th is  fac tor  in human per -  It is also t ru e  that sc ient i f ic  r e s ea r c h
IL rmance demands your a t ten t ion  and y o u r  resul t ing in the development of machine s has
dili gent work,  a th ree  hundred ye~ r old h i s to ry .  The heavy

In the area of human f ac to r s  eng ineer ing  breakthrough in your  r e sea rch  area  occu r r ed
y ou have probabl y made as much or more about 100 yea r s  ago . The t echnolog ies of
p r o g r e s s  toen in any of y our o ther  a r eas of ph ysic s and chemist r y have a lon g heads tar t
endeavor .  Yet , two of your  competent and over the behavioral  sciences , es pecial ly the
exper ienced colleagues contended in 1961 app lied human factor  sc iences .  I t i s  probabl y
that  you have no adequate systematic  meth- true that the hardware  sciences have de-
odolog y f or al locat ing funct ions  between man veloped f i rs t  because they found read y- to -
and machine . They noted this situation per-  hand mathematical tools. It is true that man
sists  in the face of ten yea r s  of r e sea rch,  is a knottil y complicated phenomenon , diffi-
Wh y is this so? What is the obstacle to cult t oun rave l .  It is because man is so corn-
p rog r e s s ?  plex that the behavio r al sc iences  have had ,

The rep ly I leave to you.  I’m no expert .  comparatively, such a late start.  It is be-
Howeve r , your c o n  t e m p 0  r a r y , Nehemia cause of man ’s complexity that we tend to
Jordan , in a recent a rt icle on this topic ex- think ofrnachines  as the constants and human
presses  thou 1 .ts which may be well worth fac tors  as the va riable s in the r n a n - r n a’h i n e
wei ghing.  You have , he thinks , jumped on the system model .
bandwagon of the engineers .  You have t rea ted  There are many good reasons  for devot-
the man as a “ component” of a system, often ing time, effor t , and money to the resea rch
as a link between components.  Preoccupied and development of machines , but thi s  does
with the at tempts to describe men in mathe-  not mean that we can ignore in any way the
ma t i c ala n d eng inee r ing te rms, you have failed other important factor in the weapons sys-
to real ize that to the extent to which you suc- tem - the human being - the soldier.  I doubt
ceed , you also provide the basis for construct-  that automation will eve r reach  the stage
ing a mach ine  which wil l perform equally where  man is no longer needed.  No m a t t e r
well. I cannot believe that man is a machine,  to what degree automation is app lied , man
You who specialize in this  field should excel wil l  continue to bc needed.  In fact , as auto-
in del ineat ing the d i f fe r e n c e s  between the two. mat ion proceeds , the hu man will  become
It is this that must  be emphasized in human even more significant , Si nce the jobs le f t  for
fac tors  research  and development - the dif-  humans to do are the jobs  that  the machin e s
f e re nce  between men and machines - the cannot do. What will r emain  are the  jobs
uni queness  of the  man, that man can do bette r , tha t which he can

It does not seem necessa ry  to apolog ize contr ibute uni quel y to the sys t em.
for  man , the subject  of yo ur science , just  be-  General  W h e e l e r , the  Ch ie f  of Staff , re-
ca use mathemat ics  is not su f f i c i en t l y pro- cent l y wro te  that we in t h e  A r m y  can ’t get so
found to fathom the  depths  of his comp le xi- fascinated by the  comp lex equ ipment  and
t ies .  You need not emulate eng in e e r s  in the changes in o rgan i za t i on  and tact ics  as t o  f o r -
fu r the rance  of your  field.  You may be jus t l y get that our n u m b e r  on, weapon is  s t i l l  t he
proud of your  independent  scientif ic  p r o g r e s s .  individ ial soldier , in th ~ Uni ted States A r m y
Certainl y you have no cause to depreciate  combat e f fec t iveness  must  beg in wi th  tb
the importance of you r endeavors .  In rev iew-  individual.  The A r m y  r e l i e s  heavi l y on
ing his t roops  before  Water loo , Well ington human fac tors  r e s e a r c h  and deve lopment
poin t ed to t h em and said : “It all depends  on for continued improvement  of our  a l r e a dy
that mater ia l .” The t ru th  of that t e r s e  hi gh qual i ty  so ld ier s .
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1C. CERTAIN RELATIONS BETWEEN RESEARC H
IN MILITARY PSYCHIATRY AND
HUMAN FACTORS ENGINEERING

I)a vid M eK. R ioch , M.D.

Director. l)ivisiom of Neuropsychiatry

Walter Reed Arm y I ns t i tu t e  of Research
Wash ington . D.C. 20012

The research  interests  of mi l i t a ry  neuro-  Dr. W. J. H. Nauta [10] has conducted a study
psychiat ry d i f f e r  f rom those of other p ro fe s-  of the general s t ruc ture  of the forebrain
5 ions engaged in stud ying human factors  in together  with detailed investigations of the
emph asis ra t h e r  th an in kind . With  its t radi-  subsystems of which it is composed. From
tion in medicin e , mil i tary psychia t ry  is more these studies it may be definitely concluded
concerne d with emotional disturbance result-  that the brain should be regarded as cons ist-
ing in personal breakdown and wi th  t rea tment  ing of three major long itudinal sys t ems :  a
and prevention in relation to total life situa- central system , con sist ing of the limbic lobe ,
tions than it is with the per for m ance of the the hypothalamus and the mesencephalic-
average man on a specified task.  The medical limbic area;  an intermediate system , con-
tradi t ion also emphasizes investigation of the sisting of the striatum , the subthalamus and
intrasomat ic  mechanisms which mediate lateral parts of the reticular formation of the
per formance .  Recent technical developments midbrain; and a peri phe ral sy s tem , consis t ing
have led to several important problems con- of the neocortex and the long fiber pathways
cern ing human factors  in man-machine sys- interconnect ing it with the hindrain and sp inal
t e m s — s u c h  as determining the situation in cord.
which  the man should be r eplaced by another All three  of the long itu d ina l s y s t e m s  o f
machine , im proving communication between the forebrain receive input from all of the
m an and m achin es , def ining the cr i ter ia  for sensory  mechanism, although the detailed
decision m aking at d i f fe ren t  levels of corn- dis tr ibut ion from d i f fe ren t  sensory  sys tems
plex sy ste m s , and so fo r th . In contrast  with d i f fe rs . For example , in man the input from
these problems mil i tary psychiatry has bee n the eyes is re lativel y di rectl y t ransmit ted
mo r e conce rn ed with person-person proc- to the peri pher al loiig i tud n al system , namely,
esses and with social communication systems .  the neocor tex , whereas the inpu t from the
N e v e r t h e l e s s, since all, of the professions pain , t empera tu re  and other so-called pro-
conce rned  with the area of human resources topathic sensory  mechaiiisms of the bod y
ar e dealing p r imar i ly with humans , th e re is goes chie fly to the re t icu lar  formation of the
mo re over lap than divergence in the fields hindbrain and midbrain [9] and is then dif-
of i n t e r e s t . It is a pleasu r e , the re fore , to fusely and widely d is t r ibuted  throug h the
pa r t i c i pate in the Ninth  A r m y  Human Factors forebra in  from these reticular centers .  In
Research  and Development Conference and this regard , it is i n t e r e s t ing to note that the
to h ave t h i s  oppor t u n i t y to presen t  some of r etic ula r for mation is now known to be of
the work bein g conducted under  the direction great  importance in arousal , ale r tin g and
of the  A r m y  Medical R e s e a r c h  and Develop- o ther  s imilar  reactions [4 ]. It is also capable ,
ment  Command , in ca r n ivo res  and lowe r mammals , of mediat-

Since it is clearl y not possible to present  ing s te reo typed  behavior  pat terns  which arc
a comprehens ive  pictu re of the whole pro- often regarded as inst inct ive [15]. In con-
g r am of resea r ch , it is proposed in this paper t r ast  to all o ther  input sys t ems  the o l fac tory
to conside r some of the wor k bea r ing on th r ee inpu t goes di r ectl y to ce r tai n subdivis  ions of
major  top ics , namely: ( 1)  The s t ruc tu re  of the the limbic Lobe , f rom which messages are
fo reb r ain and its implicat ions for the stu dy of then distr ibuted to the ot h e r p a r t s o f  t heb ra in .
behavior ;  (2)  the control of the endocrine The in t r ins ic  f iber  connections of the
sy stem by the bra in,  and (3)  the endocrine three long itudinal sy s t ems  of the brain are
responses  to prolonged psycholog ical load, quite dis t inct ive and in comparison with the

numbers  and complexity of these i n t r i n s i c
THE STRUCTURE OF THE FOREBRAIN connections interconnections between the

AND ITS IMPLICATIONS FOR three  sys tems  in the rostral parts of the
THE STUDY OF BEHAVIOR brain are relatively few. All of the “out put”

f ibers  of the cent ra l  and intermediate long i_
Using a method he had p reviously developed tudinal  systems and a large proportion of
for select ively s ta ining degenera t ing  axons , those of the peri pheral  system terminate  in
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the ret icular  formation of the midbrain [3 , character ized behavioral studies in the
10, 13]. The reticular formation , thus , seems past.
to be the chief mechanism throug h which the Conceptual models to describe functional
d i f ferent  outputs of the forebrain are inte- relations in biolog ical sys tems have most
grated. The ret icular  formation , with its often been developed throug h analog ies with
long and short fiber paths connecting one physical mechanisms.  In the past such models
part with another , forms a continuous column for central nervous funct ions were based on
throug h the brainstem and spinal cord. It mechanical, h ydrod ynamic and other sys tems
thus represents  an enormous , organized corn- concerned with energy  t r a n s f e r .  Later , with
plex of internuncial neurons through which the telegraph and telephon e , the brain was
the output of the forebra in  is integrated and often considered as a mosaic of “centers ”
t ransmit ted  to the motor cells. It is only connected together  by lines and relays.  This
in the hi gher  ape s and mar. that direct con- model required the fu r the r  assumption of
nections exist  f rom the neocortex to the forces or powers in these “centers ” of ex t r a -
anter ior  horn cells [3J . In lower species all ordinary complexity to ca r ry  out the assumed
behavior is mediated by the r e t i cula r fo rma-  functions.  Thus , in the “visual  center ” of the
tion. brain one had to postulate virtually a homun-

On the bas is  of the anatomy one would be culus who ”saw ,” in the “sensory center ” one
jus t i f ied  in assuming that the three long itu-  who “felt ,” and so on. The telephone system
dinal sys tems of the forebrain  process in- model clearly provided no basis for separat-
format ion coming from the peri phery  in quite ing data on the behavior of the organism as
d i f fe ren t  manners and , hence , mediate dif- a whole from data on the separate parts or
ferent  functional components of behavior, mechanisms involved. With the advent of
One may fu r the r  assume that each of these servo-mechanisms and transduceru and ,
sys tems  participates in directing all of the later , of cybernetics , information theory and
behavior of the organism. If this is the case computers much more sophisticated con-
the old assumption that the so-called “lower ceptual models for organizing data on the
funct ions , ” such as , emotions , et c., are brain and behavior have become possible. It
localized in “lower centers ” in the brain is now apparent that one may usefully for-
whereas thinking,  cognit ive behavior and the mulate behavior as the continuing interaction
so-called “hi ghe r  functions ” are localized in of the organism and the environment con-
“higher centers ” is necessari ly incorrect  trolled or directed by the flow of information
and the  older , phrenolog ical system of cere- and , over longer periods of time , controlled
bral localization of functions is no longer by memory effects  of the consequences of
tenable , previous responses in similar situations.

The problem of the functions mediated This model facilitates dealing separately with
by the different  parts of the forebrain is thus such factors as data reception throug h recep-
again emphasized and cannot be dismissed tor t ransducers  and data processing throug h
by invoking the old cliches . We may say, central nervous systems , while also stud ying
categorically, that no sat isfactory solution the interaction of the receptor systems and
to this problem is yet available and that as the central mechanisms under different con-
much of this problem lies in the adequate ditions. Instead of dealing with behavior in
identification of component parts of behavior t e rms  of causes and motives it calls atten-
as lies in the definit ion of the functional corn- tion to correlations between environmental
ponents of the brain. We may consider , contingencies , sequence of events and forms
therefore , systems for analyzing behavior or patterns of interaction. The model thus
other than the conventional one, tends to emphasize certain formal character-

The problem of the functions of the fore-  istics of behavior , such as , the duration for
brain is thus again opened , as it were , and which a particular pattern of in teract ion—or
is emphasized by the fact that modern tech- t ransac t ion—is  maintained, the number  of
nology has created a situation in which we sub-transact ions into which it is divided , the
need to know the limiting factors of human number  of situational factors  different ial ly
capabili t ies under vary ing c i rcumstances,  modif ying the course of a transaction, the
The approach to this problem is now being disturbance of a t ransact ion by irrelevant
made along two major lines. The investiga_ events (noise), and so for th . These formal
tion of the mechanisms mediating behavio r characterist ics of behavior are independent
is being pressed , utilizing much more power- of what may be called its “content ,” namely,
ful  tools than were previousl y available, the consummatory act or state terminat ing
Equall y important , and in many ways more the par t icular  pat tern , such as , food , water ,
novel , is the gradual development of a meth- shelter , destruction , escape , sex , and so
odologyand a system for stud ying and classi- forth.  This system of formulating behavioral
fy ing the phenomena of behavior. A science data simplifies the analysis of complex be-
of behavior  is emerg ing which is very dif-  havioral programs in which separate trans-
ferent  f rom static measurement s  of isolated actions are conducted sequentially or simul-
funct ions or the subject ive--often anecdotal— taneously. It also calls attention to the
descri ptions of separate ep isodes which problems of t r ans i t ion  from one transaction
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to another , problems which may become of the cortical cell act iv i ty  and muscle con-
seriously d i s rupt ing  under s t r e s s f ul condi- traction is possible. Such data , howeve r , do
tions. not reveal the functions of the cortex—although

Using the cybe rne t i c s -compute r  model it is called “motor. ” They only show mediat-
one may speculate that the three  long itudinal ing relationships. The plan , thoug h not the
anatomical sys tems of the forebrain function specific functions , of large parts of the fore-
as th ree  parallel computers , each receiving brain now have been mapped , thoug h other
messages from all the input sys tems and areas are still experimentally “ silent.” Much
participating in controlling behavior of all of the recent progress  in this  field has re-
“contents. ” In this model the di f ferences  in suited from the use of implanted electrodes
functions of the long itudinal subdivisions of and the development of experimental  psy-
the forebra in  would be corre la tedwith  formal cholog ical methods for reliably evoking dif-
aspects of behavior , which are common to ferent  patterns of behavior  as well as meas-
all patterns of interaction of the organism ur ing relevant aspects of the pattern evoked.
with the environment, Thus , for example , it Lt. Colonel Joseph V. Brad y and Dr. John W .
seems clear that the major r i lechanisms nec- Mason , with thei r associates , have conducted
essa ry  for d i f ferent ia t ing spatial character- a broad program of research by applying
istics of the environment  and temporal Se- these and other methods directed primarily
quences of the course of interaction are toward determining the responses to situa-
located in the peripheral  long itudinal (or tional s t ress  and the nervous mechan i sms
neoc or t i ca l )  system . Dr . Nauta [11] has sug_  involved.
gested that the central system --i.e., the Since all behavior is dependent on the
l imbic-hypothalamo-mesencephalic sys tem— maintenance of the organism , it is not sur-
may be concerned with maintaining the prising to find that the central  long itudinal
continuity of patterns of interaction. It is system of the forebrain , which is also phy-
possible that the intermediate (or stz’iatal) logenetical ly the oldest of the subdivisions ,
system is concerned with coordinating the should have very direct connections to the
necessary  background ~~~~~~~ appropriately efferent  mechanisms controlling the cardio-
with the particular pattern of interaction in vascular and visceral functions of the bod y
progress .  These concepts are obviously and also to those controlling the secretion of
speculative, but are presented here to m di- the endocrine glands. Dr. Nauta ’s studies
cate the direction studies of behavior need [10] have demonstrated large nervous path-
to take for correlation with functional ana- ways connecting the limbic lobe with the
tomical data on the brain. Heretofore the hypothalamus and the midbrain and , reci p-
formal aspects of behavior have been vir-  rocally, connecting the midbrain with the
tually dis m issed in such categor ies as “nor-  hypothalamus and the limbic lobe. Certain
mal” or “abnormal;” “i mmature ,” “childish ,” hypothalamic m e  c h a n  i s  m s then connect
adolescent ,” “mature ,” “senile ” or ‘de- through the reticular formation of the mid-
ranged;” “instinctual,” “voluntary,” “well brain and hindbrain to coordinate cardio-
trained , ” and so forth. Clarity and precision vascular and visceral  activit y with behavioral
are ser iously needed but cannot be attained patterns , particularly with those patterns
by the use of static concepts of fixed prop- which require 

~~~~ 
energy outpu t (such as in

er t ies .  The problems of defining goals and response to emergency situations ) and with
object ives , of assess ing  the program for their  those requiring low energy output (such as
at ta inment  and for de te rmin ing  the effects  on during rest , digestion etc. ). These mech-
the course of the program of relevant and anisms control t,ic sympathetic and para-
irrelevant environmental contingencies re- sympathetic nervous  systems , the sec r etion
qui r es s tudy of the organism-envi ronment  of ep ine phrine and norep ine phrinc from the
inte rac t ing  system over  considerable tern- adrenal medulla and possibly the secr etion
poral in t e rva l s ,  of insulin f rom the pancreas. There are also

m echanisms in the h ypothalamus in the
CONTROL OF THE ENDOCRINE nei ghbo rhood of the tu ber cine r eum which

SYSTEM BY THE BRA IN exert a neurohumoral  control over the ante-
rior p i tu i tary  and so , secondarily, control the

In exper imental  studies of ne rvous function rate of secre t ion  of the adrenal cortex , the
~~se is made of ablation of anatomically de- th yroid , the gonads . etc . The p recursors  of
f ined s t r u c t u res , electrical or  chemical oxytociri and p it ressin appear to be secreted
st imula t ion  and electrical recurding. Cor- by cells of the supraoptic and other  nuclei of
re la t ion of the resul ts  of these methods with the h ypothalamus and to pass down thei r
r e su l t i n g modificat ions of behavior is much axons into the poster ior  p i tui tary and so into
more  precise  the closer the s t r u c t u r e  studied the bloodstream. It has also re cent ly beer
is t o t he  o r iginal input channel or to the final shown that e lcc t r ical s t imu lat ion  in the reg io
o I , t 1) J t  channe l . Thus , since the pyramidal  of the uppe r caudal wall of the th i rd  vent r ic le
t rac t  runs  f rom cells in the neocortex to inc reases  the sec re t ion  of aldostcronc.
motor  and closel y related in ternuncia l  cells Althoug h the d e t a i l s  of these mechan i sms
in the sp inal cord very precise correla t ion  are not yet known it is now clear that  t h e r e
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are three major output systems through which The converse exper iments , na mel y, the
the brain controls the functions of the body. effects of surg ical ablation of the amygdala
These are : (1 )  the so-called cerebro-spinal and hi ppocampus required a standard prep-
system to the s t r iped muscles controlling aration which would show reliable hormonal
posture  and movements of the animal in space; changes during the experimental procedures.
(2 )  the autonomic, going to the heart , to the Lt . Colonel Joseph V. Brad y, MSC , was able
smooth muscles of the vascular and visceral  to produce such a preparation by use of in-
sys tems  and to the exocrin glands ; and (3) a strumental conditioning techniques developed
neurohumoral  system through the pituitary in the laboratory by Dr. M u r r a y  Sidman [18].
and through certain autonomic nerves con- A monkey sitt ing in a standard res t ra in ing
trolling the endocrine system and, thus , chair was trained to avoid a moderately pain-
secondarily, controlling various metabolic ful shock through his foot by pressing alever .

L. ‘ and other cellular functions . The shock would be presented every 20 sec-
The functional analysis of the central onds unless the lever were pressed and it

nervous control of the endocrines has de- took only a relatively short  t ime for the
pcnded on the u t i l iza t ion  of a number of dif- monkey to learn to avoid the shock almost
ferent  experimental  and clinical methods,  entirely. Under these conditions very con-
The quant i ta t ive measurement  of the hor- sistent rises in the blood levelof 17-h ydroxy-
mones in the body fluids is itself a major corticosteroids could be routinely obtained,
problem. The application of gas chromatog- When the anygdala was bilaterally removed
rap h y, of immunochemical methods and of in such animals the r ise in 17-h ydroxy -
the ’ use  of isotopes is now making it possible cort icosteroids no longer occurred [5 ,8].
to make accurate quanti tat ive chemical However , when the hippocampus was removed
measu remen t s  of hormones  which could only or the fornix cut bilaterally the rate and level
be es t i mated by bio-ass ay techni ques before,  of rise of 17-h ydroxycorticosteroid remained
Anothe r  complexity is introduced in this field approximately the same but the hi gh lev els
by the fact that the hormones show very  were maintained for very much longer. It
marked diurnal  rh ythms and reliable base- appears as thoug h in th e intact  anim al the
line data a r e necessa ry in order to interpret  effect  of the amygdala under psycholog ical
variat ions intrc,duced experimentally. As a s t r e s s  is immediate and the ef fec t  of the
f i r s t  approximat ion one may say that the hi ppocampus com es in late r an d reduces the
hormones  associated with energy output-- rate of 17-h ydroxycort icosteroid secret ion.
l7 -h yd r ox ycort icostero ids , ep inephrine and This reduction in the rate of secret ion may
norep ine phr ine— show an early morning ele- occur under some conditions even while the
vation and drop to low levels during the a f t e r -  s t r e ss  is being maintained.  That the s t ress
noon and ni ght . In contrast , the androgens in these experiments  was psycholog ical , and
and es t rogens  tend to be low earl y in the day not due to the shock per Se , was demonstrated
and to r ise du r in g the af te rnoon and evening,  by the fact that in many cases the ani m al
One mi ght sa y tha t the catabolic horm ones pressed  the le ver ve ry eff ic ientl y and avoided
are hi g her  during the period of central ne rv -  the shocks entirely.
ous arousal and a l e r t ne s s  and the anabolic These and other experiments  indicate
horm one’s are hi gher  dur ing res t . Dr. Mason that the amygdala-h ypothalamicadrenal sys-
[5] found that this diurnal rh yth m could be tem is very sensit ive.  In the absence of the
i n t e r r u p t e d  by bilateral section of the fornix amygdala other mechanisms will stimulate
( the f i be r  t r act f ro m the hi ppocampus to the the hypothalamus , but the i r  thresholds  are
h ypothalamus) .  much hi gher.

By the use  of implanted in t racran ia l  Earl y in the cou r s e  of these experiments
ele c t rodes  in monkeys , Dr.  Mason has been it was found that the blood levels of ep ine ph-
able to s t imu la t e  the amygdala and the hi ppo- rine showed little to no change in most of the
campus d i sc re te ly [5 ,8]. Stimulation of the experimental ly in duced psycholog ical st ress
amyg dala resu l te d in a r ise  in the blood level situations although the 17-h ydroxycor t ico-
of 17- h ydrox ycor t icos te ’ro ids  at the same steroids and the norepinephr ine showed pro-
ra te  as produced by a n  optimal dose of ACTH. nounced r ises . This was an unexpected find-
In co n t r a s t , elect r ical  s t imulat ion of the an- ing s ince  in medical  fo lklore  since the t ime
te n or end of the hippocampus resulted in no of Cannon , ep ine phr ine has bee n associated
i m m e d i a t e  change but was f ollowed som e ei ght wi th h y p e r - a l e r t l e ig ,  anx i e t y, and so forth .
h o u r s  la te r  by a profound  depress ion  of the  Lt. Colonel Brad y and Dr. Mason proceeded
blood le vel of the 17- l ey d roxycor t i cos tero ids  to search for  the s ituations in which the blood
w h i c h  did not r e t u r n  to normal  for 36-48 level  of ep inep hr ine  wou ld r ise  [7]. They
hours . F rom t h e s e  s tud ie s  and f rom other  found that rap id t rans ien t  r i ses  occurred in
obse rva t ions  it appears that the amyg dala is a complete ly novel , in ambiguous and in unex-
f ast ac t ing  sys tem which pla y s a r ole in th ose pect ed s i tuat ions. Thus , the f i r s t  t i m e  a
behavioral  p a t t e r n s  r e q u i r i ng  arousal anden- samp le of blood was drawn or the f i r s t  t ime
e rgy ou tpu t . The hi ppocarnpus , however , ap- the animal was g iven an e lec t r ic  shock , but
pe a rs  tu be s lower  a c t i ng  and possibly involved not on second occasion, the level of blood
in anaho li c  and r e s t o r a t i ve ’  func t ions .  epinep hr ine  rose’. The most  marked  r i ses
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were  obtained by giving “ f ree ” shocks to a adequately so that consistent comparisons
well t ra ined animal during the shock avoid- may be made . In general , it would appear
ance procedure. From these observations that adrenal hormones increase  in a state of
one comes to the conclusion that the mech- arousal and aler tness , when the subject is
anisms controlling the secret ion of ep ineph- “involved” with his environment and asso-
nine  are ’ d i f ferent  f rom those controlling the ciates. Thus , the great  major i ty  of patients
17-h ydroxycort icosteroids  and norepineph- show a pronounced rise , lasting several days ,
rifle. It would thus appear that there are in their  17-h ydroxycorticosteroids when ad-
two types of h yper-aler t ing reactions and mitted to the hosp ital , or when t r ans f e r r ed
that these can be different ia ted by measur ing to a new ward from the one they have become
the hormonal responses , although they have acquainted with. Dr . Mason and Dr. Edward
not been separated by general clinical ob- Sachar [17] studied a group of schizophrenic
servat ions.  These data may have an impor-  patients in the special t rea tment  ward on the
tant bearing on the problem of inexperienced Psychiatr ic  Service of the Walter  Reed Gen-
men going into severely s t r e s sfu l  situations eral Hospital. They found that during the
the f i r s t  time, initial period of acute anxiety and turmoil

the adrenal hormones were  hi gh , but dropped
ENDOCRINE RESPONSES TO during the f i r s t  or second week to levels in

PROLONGED FSYCHOLOGICAL LOAD the upper normal range. This was followed
by a period of several  weeks in which the

One of the more si gnificant findings which has patient was quiet , but withdrawn and typ icaily
emerged from the research program in schizophrenic.  During this period the adrenal
neuroendocr inology is the prolonged effect hormone levels remained in the hi gh normal
on the endocrine system of psychologically range . Those patients who ultimately recov-
s t ress fu l  ep isodes [6]. Following a 72-hour ered from the schizophren ic episode and
session of shock-avoidance by pressing a either re turned to dut y or were  separated
lever , the levels of pepsinogen , the androgens from the Army and re turned to civil ian life
and estrogens rise and remain elevated for (approximately 50 percent and 35 percent ,
S to 10 days. The thyroid responds slowly, respectively, of the total admitted to the
but may continue more active than normal ward)  frequently showed a second period of
for three weeks. It is thus apparent that emotional disturbance af ter  8-10 weeks of
complete “ recovery” from even a mild s t ress  t reatment ,  This disturbance lasted a week
requires more time than would be estimated or two and was character ized by ag it ation ,
from stud y of overt  behavior. These ob- demands for hel p and attention, sadness and
servat ion s bear on a very  important military depression and direct , personal approach to
problem , namely, that of recuperation. Ex- members  of the staff. The behavioral change
per iments  ore now in progress  to determine was accompanied by rise in the adrenal hor-
the effects  of repeated s t r e s s ful episodes , mones which dropped again at its termina-
using both behavioral and hormonalmeasures  tion. There then followed a longer period of
as indicators.  Preliminary results  indicate gradually improving performance and gradual
that for the most part experimental anim als drop of the hormone levels to the average
demonstrate  a remarkable capacity to adapt normal range . By the use of the hormone
to s t ress fu l  situations , with modification both measurements it was thus possible to dif-
of the i r  behavioral and of their  hormonal ferentiate four periods in the course of treat-
pat terns . ment of schizophrenic episodes and to identif y

It is , of course , not feasible to follow the their  onset and terminat ion with considerable
hormonal pat terns over long periods of time accuracy. The method facilitates correlating
by study ing the levels of the hormones in the events during t reatment  and determining Se-
blood . The diurnal rh ythm and shif ts  in the quences of therapeutic maneuvers  and patient
time of rise and fall in this rh ythm would responses more definitely than is readily ac-
e i ther  introduce serious e r ro r s  or require complished by general observations of be-
an inordinate number of blood samples. It havior. Since the brilliant contributions of
has been found , however , that the ur inary Selye to the stud y of t rauma it has been cus-
excre t ion  of the hormones provides a rela- tomary to regard the adrenal cortical re-
t ive , but reliable , measure  of their  rise and sponse as a m e a s u r e  of the degree of “ st r ess ”
fall in production. Most of the chronic ex- the organism was under. Many studies have
per i m e n t s  on animals and humans have , been directed toward clarif y ing the ‘elation-
therefore , employed 24-hour rates of excre-  shi p of the adrenal cortex to “ s t r ess ” and
tion in order  to follow the changes in hor- also to presumably related states , such as ,
monal patterns. “anxiety,” “emotional disturbance ,” and so

Studies on human subjects in “real life ” on. More recently it has become clear that
situations have revealed a number of im por- the ori ginal theory needs modification. The
tant aspects of the relationship between the studies cited earl ier  in this paper , for exam-
endocrine system and behavior under different  pie , demonstrate that the whole pattern of
conditions. The more diff icul t  part of these endocrine response is changed under in-
studies  has been to describe the behavior creased situational load. Indeed , at t imes
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adrenal cortical activity may be quanti tat ively of the animal s died unexpectedly and lesions
less a f f ec t ed  than the act ivi t y of other glands . of the gastrointest inal  t ract  were  found at
Studies on average normal , human subjects in autopsy [14]. On the basis of this experience
situations of prolonged psycholog ical distrub- a studywas  instituted to determine the situa-
ance show that adrenal cortical responses tional factors responsible for the resul ts .
vary a great deal. In collaboration with Reviewing the experiments it appeared that
Dr. S. B. Friedman and Dr. David Hamburg prolonged rather than acute “ s t ress” was re-
and his associates at the National Institute sponsible and a continuing, repeated ”s t ress ”
of Mental Health , Dr. Mason [2] investigated was used in the projected studies. The chronic
adrenal responses of the parents of children situational “St ress ” consisted of putting the
being treated during the terminal stages of monkey on a schedule consisting of alternat-
leukemia. The levels of excretion of 17- ing six-hour periods of pressing a lever to
hydroxycorticosteroids per 24 hours varied avoid a moderately painfu l shock and six
greatly, from well above average normal hours of rest , Paired controls who received
rates in some of these parents to consid- the same number of shocks the experimental
erably lower than average in others. The animal did (through his failure to press the
high excretors showed a still further increase lever on time) showed no abnormal ities. A
associated with sudden , dramatic events , considerable number of the experimental
such as , sudden onset of new symptoms, an imals , however, developed peptic ulcers
death of the child , and so forth. In contrast , and two developed ulcerative colitis . Fur-
some of the low excretors responded with a ther studies to determine the particular as-
paradoxical fall of the 24-hou r excretion of pects of the situation responsible for the
17-h ydroxycorticosteroids. Tests showed pathogenic response have defined certain
that this type of response was not due to fe atures more sharply [1]. The work - rest
adrenal “exhaustion” and on other occas ions intervals are of importance, since lesions
the same subject might show the typical rise. did not develop in animals on schedules of

Careful psychiatric and clinical observa- 18 hours ’ work and 6 hours ’ rest , nor in
tions demonstrated that there was excellent animals on 2 hours ’ work and 2 hours ’ rest.
correlation between the behavior of the Young monkeys seem less susceptible and
parents under study and their  rate of 17- apprentl y adapt more readily to all the
hydroxycorticosteroid excretion. The high schedules. Mature monkeys which show a
excretors showed more immediate “ involve- high levelof gastric hydrochloric aci .! secre-
ment ” in the situation , were more labile , tion during the basal control period (preced-
entered into relationships with the staff more ing expe r imental manipulation) and increased
“warmly” and so on. The low excretors acid during the course of the experiment are
tended to be more “self-contained,” at times most liable to develop peptic ulcers. There
aloof , or showed ritualized patterns--such is also evidence that animals which are more
as blandly “deny ing ” that the child had a susceptible fail to settle down to an economic
serious iUness. These patterns or attitudes rate of lever pressing to avoid shock and ,
did not correlate with clinical estimates of instead, tend to press at steadily increasing
the adequacy of the subjects in their per- rates throughout the experimental period.
formance as parents . Specific performance Other factors not yet defined also probably
measures were not employed , however , as play a role in this pathophysiological process
the clinical situation was not suitable, and the question as to how important previous
Nevertheless, these studies indicate that life experience is in comparison with geneti-
there is a close relationship between overt cally determined characteristics cannot yet
behavioral patterns and hormonal secretion , be answered. The work accomplished to date
though the adrenal corticosteroid response on this problem clearly shows that patho-
is not necessarily correlated- with the pre- log ical anatomical changes can be evoked by
sumed situational “stress.” The adrenal certain s t ressful  situations , but all the fac-
response is related, rather , to the “attitu- tors necessary cannot yet be defined,
dinal” response to the situation.

Another type of problem related to pro- CONCLUSIONS
longed situational “stress” is of interest  from
the viewpoint of psychosomatic medicine. On the basis of the work which has been
That the servo-mechanisms involved in summarized by this paper , as well as other
homeostasis may become disorganized and studies not included , certain general con-
so lead to death of the organism in certain clusions may be drawn .
acute situations has been well documented One of the most important biosocial
[16]. That prolonged , moderate, situational problems which needs attention is a more
stress may lead to somatic lesions has more adequate system for analyzing and formulat-
recently been shown in a series of studies ing data on behavior. It is no longer suf-
conducted in Lt. Colonel Brady’s and Dr. ficient to describe emotional and motivational
Mason ’s laboratories. The initial observa- content but it now is necessary  to pay atten-
tions were made in the course of experiments tion to the complexity and adequacy of per-
on conditioned emotional responses . Some forrnance as well. Comparison of these
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formal aspects of behavior with the require-  7. Mason , J. W ., Mangan , G,, Brad y,
ments  r ep resen ted by the ta0k may eventually J. V., Conrad , D. and Rioch , D. M., Concur-
permit the introduction of quantitative meas- rent plas m a epineph r ine , norep inephrine and
urements  in this  field. Neuroendocrinological 1 7-h ydroxycorticoste roid levels during con-
studies provide a fur ther  method for d i f fer -  ditioned emotional disturbances in monkeys .
entiat ing pat terns  of interaction of the or- Psychosom. Med. 23: 344-353 , 1961.
ganism with the environment and are in- 8. Mason , J. W ., Nauta , W. J. H., Brady,
creasingly being used for defining certain J. V., Robinson , J. A. and Sachar , E . J ., The
character is t ics  of these patterns . However , role of limbic system s t ruc tures  in the
it is clear that no single hormone can be used regulation of ACTH secretion. Acta Neuro-
as a quanti tat ive indicator of the degree of vegativa.  23: 4-14 , 1961.
s i tua tional “s t ress ” or of the intensity of 9. Mehler , W. R.. The anatomy of the
emotional disturbance. Fur ther  studies of so-called “ pain t ract”  in man. In , French ,

L the “homeostatic ” mechanism is necessary  J. D. and Porter , R. W .,  eds . Basic Re-
since it is clear that under some acute con- search  in Parapleg ia. pp 26-55. Spring f ield ,
dit ions and also under prolonged situational Illinois , Charles C. Thomas , 1962.
“s t r e s s ” disorganization of these mechanisms 10. Nauta , W . J. H., Hippocampal projec-
rna y lead to illness or death . Similar studies tions and related neural  pathways to the mid-
are  also n eeded to d e s c r i b e  the pro cess of bra in in the cat. Brain 81: 3 19-340 , 1958 .
recuperation from acute s t r e ss fu l  episodes 11. Nauta , W. J. H., Central nervous or-
as well as to determine the characteris t ics  ganization and the endocrine motor sys tem .
of adaptation under conditions of prolonged In , Nalbanov, A. V., ed. , Advances in Neuro-
or repeated episodes . endocrinology, pp 5-27 . Urbana , Illinois ,

REFERENCES Univ. of Illinois Press , 1963.
12. Nauta , W. J. H. and Gygax , P. A.,

1. Brad y, J. V., Ins t rumenta l  behavior Silver impregnation of degenerat ing axons in
and psychophysiolog ical change: A compara- the central nervous system : A modified
tive approach to the experimental  analysis  technic.  Stain Technology 29: 9 1-93 , 1954 .
of psychosomatic  disorders . Proceedin~~ 13. Nauta , W. J. H. and Mehier , W . R.,
of the World Health Organization Expert Some e f f e r e n t  connections of the lent i form
Committee on the Treatment and Prevent ion nucleus in monkey and cat . Anatomical
of Psychosomatic Disorders .  Geneva. Oct. Record 139 , No . 2 , Feb. 1961 .
1963 (in press) .  14. Por ter , R. W ., Brad y, J. V., Conrad ,

2. Friedman, S. B., Mason , J. W . and D., Mason , J. W ., Galambos , R. and Rioch ,
Hamburg,  D. A., Ur ina ry  17-OH-CS levels D. M ., Some experimental  observat ions on
in parents of children with neoplastic disease,  gas t roin tes t ina l  lesions in behaviorally con-
Psychosom. Med. 25: 364-376 , 1963 . diti oned monkeys . Psychom . Med. Vol . XX ,

3. Kuypers , H. G. .1. M., Gorticobulbar No. 5: 379-394 , 1958.
connexions to the pons and lower brain-stem 15. Rioch , D. M., Certain aspect s  of
in man. An anatomical study. Brain 81: conscious phenomena and their  neural  cor-
364-388 , 1958. relates . Am. Jour. Psychiat. 111: 810-817 ,

4. Magoun , H. W. ,  The Waking Brain . 1955.
Spring f ield , Illinois , Charles C. Thomas , 16. Rioch , D. M., The psychoph ysiology
1958. of death . Panel discussion:  In t roduct ion  in

5, Mason , J, W ., The central  nervous Simons , A., ed. , The Physiology of the Emo-
sys tem regulat ion of ACTH secret ion , in tions , S p r i n g f i e l d , Illinois , Charles C.

~~~~~~ p9~ i~ m o n  Reticular  Formation Thomas , 1961.
of the Brain , pp 6~l5-66Z.  Boston , Mass . ,  17. Sachar , E. J., Mason , J , W . ,  Kolmer ,
Litt le , Brown & Co., 1958. H. S. and Ar t i s s , K. L., Psychoendocrine as-

(~, Maso n , J. W ., Psycholog ical influ- pects of acute’ schizophren ic  reactions.
ences on the p itui ta ry-adrenocor t ica l  sys- Psychom . Med. 25: 5 10-537 , 1963.
tem . In C. Pincus (ed.)  Recent Progress  in 18. Sidrnan , M., Avoidance’ cond i t i on ing
Hormone  Rese~arch , pp 345-389. New York , with brief shocks and no exterocept ive  warn-
N. Y ., Academic Press . ,  1 959. ing si gnal . Science 118: 157 , 1953 .

p

14

‘~ ‘
~~~~~~ 

4~~~~i 

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

~-‘4’~r ~~~ 

- 

~~

- -- --——--_- -- -

~~~ 

—



CHAPTER 2
ENHANCING MAN’S SENSORY FUNCTIONING

Chairman. George S. Harker
Director, Psychology E)ivision

L ’ .S. Army Medical Research La1~~ratory
Fort Knox , Kent uck y

A. FUNCTIONAL ASPECTS OF IONIZING IRRADIATION OF THE RETINA: William W .
Dawson , Auburn Univers i ty ,  Auburn , Alabama

B. PRIMARY TASK FACTORS IN THE REDUCTION OF PERFORMANCE DECREMENT:
Harold L. Wil l iams , Lieutenant Colonel , MSC , Walter Reed Institute of Research , Wash-
ington , D. C. 20012

C. THE INFLUENCE OF TASK AND ENVIRONMANTAL VARIABLES ON THE MAINTE-
NANCE OF VIGILANCE PERFORMANCE: Bruce 0. Bergum , Air Defense Human Re-
search Unit , Fort Bliss , Texas

D. HUMAN FACTORS STUDY OF DESIGN CONFIGURATIONS FOR THE LASER RANG E
FINDER: A . Charles Karr  and James Thomas O’Connor , Pfc , Frankford Arsenal , Phila-
del phia , Pennsy lvania

E . SOME STUDIES IN THE USE OF TELEVISION AS AN AID TO HELICOPTER FLIGHT:
Claude B. Elam , Bell Helicopter Company, Ft. Worth , Texa s

I

? ‘-‘- 
~~~~~~~~ 

- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
- - ‘w •W

~~~~— -‘ —~~~~~~ ~—- - — - - 

-



2A. FUNCTION ASPECTS OF IONIZING RADIATION
OF THE RETINA

W illiam W. Dawson

Auburn Un iversit y
Auburn , Alabama

At the present  level of the science the topic light could be recorded during X - r a y  expo-
at hand may be considered a negat ive ap- sures of less than 200mr delivered to the
proach to the improvement  of human sense frog retina. Recent data f r o m  Rachofer
function.  The positive approach to the future ( 1962) lowers thi s threshold to 7 mr (see
may be achieved throug h fu r the r  research  Figure 1). Normal human , whole m outh ,
into the sensory actions of ionizing radia- dental radiography pr oduces dose levels  of
tj ons in an a t tempt  to gain knowled ge of how 100-200 mr.
the action of this energy  form on the sense Earl y a v o i d  e n  c e studies by Garcia ,
organs may be confined to facilitate rather Kimeledorf and others (1956) of the Naval
than debilitate. I believe that this paper may Radiological Defense Laboratory in San Fran-
be the f i r s t  to call a t tent ion to the severe  cisco demonstrated that ra t s  and pr imates
human orientation problems which may be
encountered in env i ronman t s  where modest T Y P I C A L  L O W — L E V E L
radiation levels exist;  levels which might be
considered per f ectl y acceptable for short
term human occupation. But before elabo- X R A Y  R E S P O N S E S
rating this point  let us examine the support-
ing data .

Although it is cur ren t ly popular to con-
sider ionizing rays as an unseen vehicle of
pathology, it is a fact  that under many con- 3 0 — m r  f l a s h
dit ions and dosages pathology cannot  be dern-
onstrated.  Indeed , certain plants have ex-
hibited a b n o r m a l l y hi gh growth rate s in
radiation fields which would be considered
intolerable to other fo rms . It is equall y un-
true that  the sensory  apparatus is i ne r t  to
the effects  of ionizing rays.  The visual st im- 1 9 — m r  f l a s h  — .s~~~~~ - —.-- —

ulating effect  of X - r a y s  have been known
since 1896 . London newspapers at the turn
of the century made much capital reporting
visual recovery in blind individuals exposed-
to low intensity X- r ays .  Many phys ic is ts
tested their earl y X-ray  tubes by peer ing at “‘- — m c l a e h
the electron beam target .  The appearance ~ r
of a green or yellow glow which covered the
visual field was sure evidence that the equi p-
ment was operating and X- rays  were  being
gene’~ated. This practice has been gradually
abandoned as a test procedure , and direct
observation of the sensory aspects of ioniz- 12 mr  f l a s h  —~~~~~~~~~~~

‘
‘ —-—-.ing rays occurs now only by accident and 

—

then is often classified , rarely reaching the
scientific literature.

During the last decade there has been a
resurgence of interest in the behavioral as-
pects of non-lethal doses of radiation.  Un-
fortunately work in this area has been con- 7 — mr f lash -~~~~~~~~~

--. .... .---- —

fined to only a few laboratories and usually
relates to relatively complex patterns of be-
havior , or gross whole organ potential stud-
ies such as the electroencephalogram or the
electroretinogram. Along these lines the Figure 1. Electrical responses of the frog’s
study of Lipitz (1955) reported that ERG “B” retina to flash irradiation (After Bachofer,
waves resembling those produced by visible 1962).
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would quickl y develop an avoidence of places sleepin g opthalectomized cats . The se rec-
or su bstances which ha d , before  their  asso-  ords f rom recent  data of Dawson will prob-
ciation with X or gamma rays , demons trat ed abl y not be published as a complete wo r k due
a positive or neutral  behavioral  valence,  to apparatus d i f f icu l ty  involved in r eplica-
Ennucleation , sympathetomizat ion or shield- Lion (see Figure 4).
ing of any sing le bod y area tended to in-  Trace I was f r o m  bi polar leads which
crease  the avoidance threshold but did not straddled the left parietal  reg io n whi le t r ace
eliminate i t  (see Figure 2) .  Recent  data II was produced by bi polar records f rom the
f rom the San Franc i sco  Laboratory  were in- occi pita l a r ea , III and IV are pneumograms
terpre ted  as indicat ive of a CNS receptor and EK6 respectively. Trace V is an ( ‘vent
for  X - r a y s . Careful l y con tr olled i rra diat i on marke t  which was coupled to the pulse gen-
of sleeping opthalectomized rats showed an erator dr iver  for  the X- ray  t r iode.  Prior  to
activation threshold at about 12 r. The dose the onset  of pulses , in record A , the an ima l
rate was 1.9 r / se c  and the dose was appar-  was jud ged in level II or IV sleep which
entl y delivered in an uninterrupted exposure.  agrees with the 0.5-3 cycle rh ythms and
Figure 3 shows a marked adaptation a f te r  30 spindling of the cortical records.  Two sec-
sec. ond s following the onset of X - r a y  pulses in

Pulsed X-ray  stimulation at 7pps , 70msec record B this pattern is disrupted and 7- to
per pulse produced unmistakeable pat tern  dis-  18-cycle rh ythms appear as dominant while
turbances in the EEC wave fo rms  f rom chron- spindling ceases,  The shift is seen most
ically implanted dural surface electrode s in rapidl y in the parieto-occipital elect r odes
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PA NEL A — NORMAL ANIMAL S

£1 .9 r/SEC(15) •025 r/SEC (17) — CONTROLS (23)
L 0 0

~~ � .5O

SECONDS (EXPOSURE)
Fi gure 3. ERG as an indicator of act ivation of the i r r ad i a t ed  sleep ing ra t .

but a definite shift  toward higher f r e q u e n -  hi ppocarnpus and the p r e p yr a f o r m  cortex
d e s  follows in trace I. The incident dose (See Fi gure 5).
del ivered between the onset  of X- i r radia t ion  We have sampled then f rom the three
and the f i r s t  disruption of the cortical pat- type s of exper imenta t ion  which is cu r r en t ly
te rn was 45 mr .  Dose rate was 1.35 r f m i n.  available in the l i t e ra tu re  deal ing with in
R ate of mea~ ERG peak .hif ted f rom 3.2 - 3.4 vi”o responses  of animals to low dose ioniz-
pps du r ing  the exper imental  period . Resp i r -  ing radiation . These methods may be termed
atory  a l ter a t i o n s  are also apparent ,  The low the ( 1)  behavioral , (2)  whole animal physio-
f r equency  slow waves did not  reappear in log ica l , and (3)  the sing le organ electrophys-
channel  II until 45 second s after  the t e rmina-  iolog ical. Each approach repor t s  data which
tion of X- i r r ad ia t ion.  That is , the f a s t e r  in some way involves the input of i n fo rma t ion
occipital pa t t e rns  persisted f rom Z sec . into the organism yet onl y one stud y is avail-
a f t e r  X - r a y  onset  for  a total of 55 sec. able which deals with a simple sing le recep-
Control  records  were generated in identical  tor system throug h which basic data of the
fash ion  to the exper imenta l , only the hi g h type required fo r  theory generat ion was oh-
voltage was  removed f r o m  the X - r a y  anode tam ed . This stud y by Dawson and Smith
so that i r rad ia t ion  was  abse nt , but so were (1959) examined the response of the function-
the EEG pa t te rn  a l t e ra t ions .  Results have ally sing le , visual receptor of Limulus p01-
been obtained f r o m  deep implants in the yp hemus,  the horseshoe  crab , to i r radia t ion
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Figure 4. EE6 patterns from chronic implants in the pulse-irradiated sleeping cat.

during dark adaptation. In many respects arthropods is a rhodopsin with chemical
this is analogous to stimulating and record- characteristics similar to the human retinal
ing from the single vertebrate visual rod rod receptors.
cell. The “single” receptor study by Dawson

It has been shown that the Limulus func- and Smith (1959) reported records for pri-
tional visual characteristjc8 as recorded mary axons of Limulus whose lateral inhibi-
from the eccentric cell axon are very sim- tory fiber system had been disabled. These
liar to those of the human. Wald has re- preparations exhibited rather remarkably
cently published that the pigment found in altered light thresholds in the dark-adapted
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Figure 5. Records of CNS activity from chronically implanted electrodes in the
hippocarnpus and prepyraform cortex during normal and irradiated sleep.

Limulus following cumulative doses of ioniz- possible to test this hypothesis by in vitro
ing rays (see Figure 6). extracts and suspensions of rhodopsin and

It may be seen that the amount of light rod end segments from frog and cat.
per test flash required to stimulate the dark- The digitonin complexed rhodopsin mol-
adapted receptor has decreased with X-ray  ecule exhibits a characteris t ic  difference
dose. Prior to the recording of the data shown , density spectral curve which peaks at 500
dark-adaptation had been allowed to proceed mp . The measure of purity is the ratio of
for 30minute s and a stable scotopic threshold densi ty  at the minimum, 400 m~~, to the maxi-
was achieved. Normal dark-adaptation in mum density at 500 m~ . Normal values re-
Limulus produces abouta 2-log unitdecrease ported byWald,Dartnall,Hubbard,and others
in threshold. The 0.6 log unit gain shown is range from 0.7 to 0.3 (see Figure 7).
in addition to this and was attributed to the The control curve was taken prior to ir-
action of the X-rays on the system. radiation by 100 r. The immediate curve fol-

The primary question asked by these re- lows irradiation by 15 minutes; the delayed
searchers was at what level of the Ljmulus curve 30 minutes after the immediate.
retina are the effects of this cumulative dose During irradiation the reference cell
of ionizing rays produced. It was assumed was shielded by one-half inch of lead . The
thatbleaching of the irradiated ,dark-adapted , main effect which is seen appears to be a
sensitized retina would cancel the demon- transient increase in density followed by a
strated phenomena providing the effect was gradual decay with time . It seemed fruitful
localized in the photochemical system. Un- to examine change in density at a specified
der test this assumption was verified. As a wave length against time. This is done in
result, it was postulated that the synthesiza- the next experiment where re f r igeration of
tion was caused by alteration of some portion the test cell was introduced to guard against
of the rhodopsin cycle. Recently, it has been thermal decay (see Figure 8).
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Fi gure 6. The variat ion of stimulus in tens i ty  required  to produce a threshold response  in
a sing le receptor  uni t .  Data points  are the means  of 15 pre pa r a t i o n s .

The gradual  decay of densi ty with time genera ted  by the ascending  ser ies  of the
was not seen here .  I r r ad ia t ion  was t e rmi -  method of l i m i t s . The adaptation curve pr ior
nated at time ze ro .  The total dose was 140 r to i r r a d i a t i o n  is normal  requ ir ing  about one
at 140 r / rn i n  and was terminated at the a r -  hour  and cover ing  about 1.6 - 2 .0 log uni ts .
row. Du r in g the r a d i a t i on se r ies  f ollowi ng

The r e su l t s  of the spect r ophoto metr y ,  da r k  ada pta t ion , the ey e was exposed be gin-
whethe r of rod end s egmen t s  suspended in ning at the a r r o w  to X - r a y s  fu r  3 seconds
suc rose  or ex t rac ted by a de te rgen t , are fo l lowing  each threshold  check. The dose
gene ra l l y con s i s t en t , in that  a modest  in -  rate was 140 r / m i n .  Target  subject  d i s tance
c rea se  in dens i t y occurs  immediate ly fol- (TSD) 20 cms , 1. 2 5 mm of Al inherent  filtra-
lowin g i r r ad ia t ion .  The gain in apparent  t ion , Half  Value Layer (HVL) 1.25 of alumi-
rhodo p sin co n ce n t r a t io n f ollowin g i r r a d i a -  num and c u r r e n t  a t  5 mill iamps (ma .), The
Lio n is an a t t r ac t i ve  exp lanation for  the in-  i n s t r u m e n t  used was a Mueller  cons tant  po-
c r ease  in s e n s i t i v it y of the dark-adapted tent ia l  X - r a y  g e n e r a t o r .  For this stud y it
s ing le rece ptor  repor ted  by Dawson and was operated at 100 Ki lovol t s  Constant  Po-
Smith (1959) .  H o w e v e r , the o rde r  of m a g n i -  t e n t i a l ( K V C P ) , th u s av oidin g the r ipple prob-
t iide in d e n s i t y gain is too small  especially lems and v a r y ing  wave  len g ths  u sually en-
whe n cons idered  wi th  a recent  examina t ion  coun te red  in s t ud i e s  of this na ture .  The
of t he s ame  phenomenon (see Fi gure 9). ph y siolog ical sol u tion bath ing the eye was

Pr ior  to t ime zero  the eye had been ma in ta ined  at 15’C , and was oxygenated
ada pted to a mo der at e,inte n sity of wh ite li ght  th roug ho u t the ex pe r i ment .
fo r  15 m i n u t e s .  Li g ht threshold s were  taken These resul t s  are  quite comparable to
every  5-10 minute s af te r the beg i n n i n g of those  pr evio u sly reported by Dawson and
d a r k  ada pt a t i o n . The v is ib le  tes t  f lash  was Smith , except that the gain of sensi t ivi ty was
100 r n s e c  i n d u r a t i o n  and the threshold  cu r v e s  a lmos t  one ful l  addi t ional  log unit .
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ILl fl3 - I Figure 8. The change in spectral dens i ty  at

/ 500 rn 1L f o l lowing  the i r r ad i a t i on  of rhodop sin.

/ a 3 response  t ra in  in “ C ’  although an accu-
.02 ‘ j mulated dose of 207 r was delivered in B-F.

j  The 1.45 log unit  value seen in A and C re-

\ f e r s  to the amount of attenuation inser ted in
0.10 ‘ fi the stimulus beam to produce the standard ,

II 4 discharge response. Stimulus beam inten-
II ~~~~~~~~~~~ 

sity , unattenuated througho u t the ex per i ment
..l~ ~~~~~~~ was 50 Lux , while its duration was 100 msec

.UUI except where  spec if ied othe r w ise ( s e e  Figure
Il 0—0 IMMEDIATE 11).
V The previous exper iments  are suggestive

.0009 0—0 CONTROL of a separa te  site of eff ec t fo r  visible li ght

A—A DEI AVED and X-rays  yet a more convincing demon-
str ation might be obtained in a d i f f e rence

.0008 o threshold paradi gm where  the phos phene was
initiated prior to a visible test  f lash.  In A 1
da rk-adapted threshold was measured with a

• . i . I . I • . 1 .  . i i i • , . a , , 3 discharge c r i te r ion,  Flash-response la-
400 20 40 60 80 500 20 40 60 80 600 tency in second s is ind~cated . Ne xt the

X-irradiation was begun and when the phos-
MILLIMICRONS phene response had been well established ,

the same test flash was presented . The same
procedure was followed in B1 . In both in-

Figure 7. Dif fe rence  densi ty  spectrum of stances , the response cr i te r ion of thr eshold
digitonin bound rhodopsin before and after was met regard less  of the presence of X- rays .
irradiation. The exposures ran concurrently and the ac-

cumulated X-ray dose at the time of the final
It was found that phosphene s were pro- test flash in B2 was about 50 r .  Neverthe-

duced by the X-rays during each exposure less , the incoming ir radiat ion does not ap-
yet visible light threshold decreased.  Those pear wholly ineffective. A consis tent  reduc-
ERG studies cited report  the deter iorat ion tion in li ght stimulus response latency is
of v i s i ble light threshold in the irradiated associated with the incoming X - r a y  quanta
complex retina.  If the site of effect  were  and/or  the production of the phosphene re-
photop igment , however , the neural complex- sponse.
ity should have no bearing.  A series of phos- The resul t s  which have been shown are
phene studies were undertaken to examine at odds with the phosphene data taken by
this apparent  contradict ion (see Fi gure 10). ERG in the complex retina by both Li pitz an d

“Phosphene” spike s are produced in the Bachofer . These authors  have presumed
dark-adapted receptor , eccentr ic  cell axon,  that since X-rays  init iate ERG “B”. waves
The visible li ght threshold was checked jus t  like those produced by visible li ght and that
before (A) and jus t  after  i r rad ia t ion  (B).  No multi ple X - r a y  stimulation reduces  th resh -
loss in visible li ght sensitivity could be de-  old , the site of effect is then as in normal
tected after irradiation as measured by the bleaching of the photo-p~gment (see Fi gure
standard visible st imulus required toproduce 12).
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Figure 9. Dark adaptation of the normal and then irradiated single visual receptor.
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Figure 10. Spike discharges of the single receptor during
irradiation by various X-ray intensities .
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Figure 11. The reduction of discharge latency for
visible light stimuli during irradiation.

One further attempt was made to find In summary, the simple receptor of
the photopigment phenomena which would be Limulus when freed of the lateral inhibitory
predicted by the current phosphene theory. influences of its recurrent plexiform neural
Retinal rod ends from Rana Catesbiana were system respond s to X-rays during dark-
suspended in an isopicnotic sucrose solution , adaptation. Visible li ght thresholds is unaf-
A control spectrophotometric density curve fected during X-ray activation at 50 r total
was made and the suspension was irradiated dose levels, Increasing doses of X-rays
by 585 r and a new curve taken. This proce- tend to decrease the threshold rather than
dure was repeated 6 times. Although the increase it as would be predicted if the site
total dose was 3510 r no loss in density or of stimulation were the photopigment. X-ray
bleaching of the rhodopsin can be detected, doses 500,000 times the phosphene threshold
The delivered dose is 500,000 times the ERG for frog produce no noticeable decrease in
Phosphene threshold reported by Bachofer the spectrophotometric density of rhodopsin
wh ich is pre sumed to have its effect by pig- extracts or rod segment suspensions.
ment bleaching. A further control recording The evidence supports both direct stim-
where the experiment was repeated without ulation of the visual system by ionizing rays
X-rays showed little deviation of the 7 tern- and modification of normal visual function.
porally separate density functions. However , the previously presumed site of
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F body, and primary axon. Each contributes
to the f inal  product  which is the act ion p0-

.5 C tential in the p r imary  axon which signals the
central  nervous sys tem.  The pool may be

.1 seen as an in tegra t ing  mechanism between

~ 3 TOTAL 35100 the t ransducer  or receptor level and the
L. - transmitter or axon cell bod y level.  It is

2 - presented in th ree  phases of function: sco-
- topic quiescent;  scotopic , li ght s t imula t ed ;
.1 and scotopic , X- i r radia ted , light st imulated.

The active and r e f r ac to ry  receptor e lements
-. are indicated by the usual ligh t q u a n t u m  sym-

400 
MILLIMI CI1ONS bol. Quanta falling on active receptors are

desi gnated by open circles , those abso r bed
Fi gure 12 . Density spectrum of exhaustively by refractory receptors  by solid circles.

irradiated rhodopsin. Under  quiescent  conditions there is a
balance between the pool and receptor l e v e l

effect , the photopigment , does-no t  appear to and the neural  cell bod y r e m a i n s  inactive.  It
play a pr imary role , is an empir ica l f ac t  tha t stimulation of one

of the receptor pool members  elevate s the
DISCUSSION threshold in the non - s t imu la t ed  members .

In this ca se , the activated receptor causes a
The resul t s  which have been presented dem- disrupt ion of equilibrium which is re-e  stab-
onstrate that sensory receptor systems un- lished by participation of the other units ,
dergo functional  a l terat ions when exposed to throug h the offices of the pool. Because of
doses of ionizing radiation which are not this interaction the remainder  of the pool
medically patholog ical. One system, the becomes relatively re f rac tory  to incoming
visual  receptor complex , has been presented stimuli and a minimum of information is
as a case in point. Earlier recordings of t ransmit ted to the cell bod y level.
gross  retinal potentials lead to conclusions A histological analogy may be drawn
that  are not supported by studies of the i r -  between several mammalian receptors and
radiated sing le recepto r or the isolated pho- the retinula cells of the Limulus receptor
tochemical .  That is , X-ray  phosphene pro- (see Fi gure 14) . If this is correct, then the
duction in man may not be the result  of the anthropod counterpar t  of Rushton ’s summa-
photochemical bleaching which occurs in tion pool may be the plexiform network formed
normal  vision.  It is more likely the result  by the retinula cell axons and their mutual
of direct s t imulat ion of the intermediate in teract ions .  Thus , light str iking a sing le
system between the i somer iza t ion  of the retinula cell should reduce the potential ac-
11 -cis form of rhodopsin to the all trans tivation of the eccentric cell by stimulation
fo rm and the subsequent init iation of the pr i -  of other retinula cells in the same receptor
mary nerve discharge.  The irradia tion of or pool (see Fi gure 13). On this basis the
isolated photopigment does not support a resul ts  of irradiation of the Limulus visual
direct  rhodopsin bleaching as the source of receptor  may be discussed in terms of two
the human radiation phosphene . An inter-  largely separate reactions as diagramed:
mediate site is also supported by the reduc-  (1) The phosphene phenomenon which is tran-
tions in latency of spike response to visibl e sient and seems to have no bearing on the
li ght in the presence of X- rays .  dark-adapting mechanism may be produced

The role of the pigment rhodopsin in the by (a) a t ransient  alteration of the eccentric
visual process is general ly recognized as an cell permeability in much the fashion that
impor tant  one. However , recent work by has been demonstrated for peripheral nerve
Rushton suggests that it is only one of the trunks , producing an astable system or by
pr imary  factors  which determine the psycho- (b) a tr ans ien tuni form activation of the sum-
ph ysical parameters of vision. He has sug - mation pool. It has been shown that the la-
gested a “ summation pool ,” presumably an tency of spike impulse production by visible
entity of neural character , to account for the flashes is shorter during X-irradiation. This
phenomena of early dark-adaptation where it may be used as evidence fo r  a greater gen-
may bt~ demonstrated that 99 per cent of the erator potential slope , heightened eccentric
bleached rhodopsin has regenerated while cell excitability or disinhibition of the pool;
functional visual sensitivity has increased (2) The second discrete phenomenon is en-
only 30 per cent. The concept of the sum- hancement of i r r a di a ted receptor dark-
rnation pool may be applied profitably to the adapted, light sensitivity. This  fact poses a
data which has been presented on the i r radi -  need for a decrease in the threshold of the
ated single receptor. Our working hypothe- summation pool. Unlike the phosphene situa-
sis of it~ structure may be seen on Figure 13. Lion the sensitizing phenomenon requires a

Four levels of organization are consid- durable alteration of the system and is asso-
ered , the receptor , summation pool , cell elated with hi gher radiation doses. If the
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$ F bod y, and pr imary  axon . Each contr ibutes
to the final product  which is the action p0-

5 C tential in the pr imary  axon which si gnals the
central nervous system . The pool may be
seen as an integrating mechanism between

3 TOTAL 35100 the t ransducer  or receptor level and the
- t r ansmi t t e r  or axon cell bod y le vel . It is
2 presented in three phases  of function:  sco-

topic quiescent; scotopic , light sti mulated;
and scotopic , X- i r radia ted , li gh t st imulated.
The active and refr acto ry receptor elements
a r e indicated by the usual light quantum syrn-

M~L[IN~ RONS bol. Quanta fal l ing on active receptors  are
designated by open circles , those a bsor bed

Fi gure 12 . Densi ty  spectrum of exhaustively by re f rac tory  recep tors  by solid circles.
i r r ad i a t ed  rhodopsin.  Under quiescent  condit ions there is a

bala nce between the pool and receptor  level
ef fec t , the photopig ment , does not appear to and the neural  cell bod y remains  inactive . It
play a p r imary  role , is an empirical fac t  that  st imulation of one

of the r eceptor pool mem be r s elev at es the
DISCUSSION threshold in the non-s t imula ted  members .

In thi s case , the activated receptor causes a
The resul ts  which have been presented dem-  disruption of equilibrium which is re-estab-
ons t ra te  that sensory receptor sys tems un- lished by participation of the other units ,
dergo functional  a l tera t ions  when exposed to throug h the offices of the pool. Because of
doses of ioniz ing  radia t ion which are not  this interaction the remainder of the pool
medically patholog ical. One sys tem , the becomes relatively r e f r ac to ry  to incoming
vis ual receptor com plex , has been presented stimuli and a minimum of informat ion is
as a case in point . Earlier recordings  of t ransmit ted to the cell bod y level.
gross  retinal potentials lead to conclusions A histolog ical analogy may be d rawn
that  are not supported by studies of the i r -  between several mammalian receptors  and
radiated single receptor or the isola ted pho- the retinula cells of the Limulus receptor
tochemical. I’hat is , X - r a y  phosphene pro- (see Figure  14) . If this is correct , th en the
duction in man may not be the result  of the anthropod counterpar t  of Rushton ’s summa-
photochemical bleaching which occurs in tion pool may be the plexiform ne twork  formed
normal  vision. It is more likely the result by the retinula cell axons and their mutual
of d i rec t  st imulation of the in termediate  interact ions. Thus , li ght s t r iking a single
system between the i somer iza t ion  of the retinula cell should reduce the potential ac-
11-cia fo rm of rhodopsin to the all t rans  tivation of the eccentr ic  cell by s t imulat ion
fo rm and the subsequent ini t ia t ion of the pr i -  of other retinula cells in the same receptor
mary  nerve  d ischarge .  The i r radia t ion of or pool (see Figure 13). On this basis the
isola ted photopigment does not support a results of i r radiat ion of the Limulus visual
di rect  rhodopsin bleaching as the source of receptor  may be dis cu ssed in te r ms of two
the human radiat ion phos phene. An in te r -  largely separate reactions as diagramed:
mediate site is also supported by the reduc - ( 1~~The phosphene phenomenon which i s t ran-
tions in la tency of spike r es pon se to visi ble s ien t  and see m s to hav e no bearing on the
li ght in the presence of X- rays .  dark-adapting mechanism may be pr od uced

The role of the pigmen t  rhodopsin in the by (a) a t rans ient  a l terat ion of the eccentr ic
visual process is genera l ly recognized as an cell permeability in much the fashion that
important one. However , recent work by has been demonst ra ted  for peri pheral nerve
Rushton  suggests  that it is only one of the t runks , producing an astable system or b y
pr imary  fac tors  which determine the psycho- (b) a t ransient  uniform activation of the sum-
physieal parameters  of v is ion .  He has sug- mation pool. It has been shown that  the la-
gested a “summation pool,” presumably an tency of spike impulse production by visible
entity of neural character , to account for the flashes is shorter during X-irr adiat ion.  This
phenomena of ear l y dark-adapta t ion  where it may be used as evidence for  a greater  gen-
may be demons t ra ted  that  99 per cent of the erator  potential slope , heightened eccentr ic
bleached rhodopsin has regenerated while cell excitability or disinhibition of the pool;
functional visual  sensi t iv i ty  has increased (2) The second discrete  phenomenon is en-
only 30 per cent. T,ie concept of the sum- hancement of i r r ad i a ted receptor dark-
mation pool may be app lied profitably to the adapted , light sensitivity. This fact poses a
data which has been presented on the irradi - need for a decrease in the threshold of the
ated sing le receptor.  Our working hypothe - summation pool. Unlike the phosphene situa-
sis of its s t ruc ture  may be seen on Fi gure 13. t ion the sens i t iz ing  phenomenon requi res  a

Four levels of organization are consid - durable alteration of the system and is asso-
ered , the receptor , summation pool , cell ciated with higher radiation doses.  If the
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Figure 13. Schematic presenta t ion of the i r radia ted , functional receptor  pool.

spitislual I summation pool is aware of the rhodopsin
content of several cells as proposed by Rush-

IshN ia C. ton , the informat ion t ransmit ted is probably
electrochemical in character .  Its inhibi tory

!hA WSSSIS 
- influence might be described as a result of

•itscksudna 
- 

an at tempt to maintain a balance throug hout
sccsut r ic C. - -

- - 
the system. Those non-par t ic ipating units

sccsitric C a  of the pool contribute energy  necessary  to
r .ti.la ax . 

. 
~- restore the active uni t  to equi l ibr ium. Dur-

. 
the entire pool and af ter  time all would reach

- 
the normal receptive level together . Irradia-
tion on the other hand may produce hyper-

ing the process , th r e sho ld would be high for

• polarization or other deactivation of the poo 1
• resulting in an exchange in the direction of

the pool only,  f ree ing retinula units f rom in-
terdependence. Deactivation of the pool in
this way would permit activation of the pri-

~~~~~lISU ~I SiUS mary afferent by non-bleached members of
the pool. Deactivation of the pool accounts
for the great  pain in sensi t ivi ty  following ir-
radiation.

We have presented data on the actions of
X-rays  upon the funct ioning visual  receptor

Fi gure 14 . Schematic diagram of the and generated a testable hypothesis, corn-
sing le receptor .  patable with c u r r e n t  theory to account for
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them. A great deal of research must follow much the homogeneous fashion of highly dif-
to test this hypothesis which may reduce fused ligh t emitted by an extended field. The
some of the mystery surrounding the be- entire environment would appear filled by
havioral data on X-ray avoidance. However , this homogeneous stimulus. Perhaps the
opthalectomized animals also avoid X-rays most appropriate analogy available would be
at higher thresholds. Thus the work is mul- the Ganzfeld or white-out Seen under certain
tiplied while only a handful of researchers atmospheric conditions in the Arctic. Yet no
participate , white-out could achieve the complete uni-

The applied implication of the behavioral formity of visual field which might be antici-
and electrophysiological data are consider- pated in this hypothetical visual environment.
able and produce many questions of their own. With the entry of the human observer

Consider the human observer , under many new questions are generated: What
dark-adapted conditions, who is presented will the degree of disorientation be; what
with a field of isotope s which are emitting visual judgments can be made; will thresh-
ionizing rays in the 0.5 - 3.5 MEV energy old be enhanced or reduced after the expo-
range. The emitted quanta could not be sure and , perhaps most important , how can
focused or attenuated by the intraocular tests of these questions be made in a practi-
structures but would strike the retina in cal manner?
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2B. PRIMARY TASK FACTORS IN THE REDUCTIO N OF
PERFORMANCE DECREMENT

Harold L. W illiam s , Lieutenant Colonel, MSC

Walter Keetl Arm y I nst itute of Research
Washi ngton , D.C. 20012

Two general problems in the experimental response must  be made within a prescribed
anal ysis o f  performance decrement  a re :  interval, lapses ordinarily produce errors of
(a) To i d e n t i f y and measure the st ress -  omission.
sensi t ive aspect of performance on any task , Many work-paced tasks can be trans-
and (b) To analyze the condit ions which pro- formed to self-paced. One way to do this is
mote or modify impairment. These condi- to increase the stimulus duration , or the ef-
tj ons include pr imary  factors in the task fective response time . Another is to use the
situation as well as characterist ics of the S EEG, other physiolog ical indicators, or ex-
a n d  environmental  parameters. Accurate  ternal signals as warning devices . They
information on these topics would permit control a work-programmer so that data are
practical guidance on management of per- presented to S onl y during optimal states of
forrnance in the field , vigilance , or only when he demands the data ,

What is the general nature of impair- or they warn a computer to disregard S’s
rnent in performance? Recent studies (Bart - answers when his ph ysiolog ical state is mo-
lett , 1942; Maag, 1957; Rosvold et al ., 1956 , mentarily impaired. In practical situations
and Williams et al., 1959 and 1962) show that it is important for the commander to decide
for a number of conditions (e.g., fati gue , whether  speed can be traded for accuracy.
hypoxia , brain injury, t ranqui l iz ing  drugs If allowed to proceed at their own pace , sleep
and sleep loss) impairment in performance deprived Ss can sustain high accuracy for as
takes the form of an increasing irregularity long as 100 hours of wakefulness.
or unevenness, The S cannot maintain per- The upper half of Figure 1 is taken from
formance at a constant hi gh level. Instead, the record of a sleep deprived subject who
from time to time, his performance falters was performing an auditory vigilance task .
or stops. These “lapses” increase in Ire- The stimuli and the S’s responses are shown
quency and duration as the adverse condi- on the first line, the EEG on the second and
tions are prolonged or intensified , During finger pulse volume on the third line. Stimuli
sleep-loss, lapses are signaled by and ac- marked (S) are critical signals. Note that as
companied by slowing of EEG r h yt h m a, the alpha rhythm disappears and the finger
peripheral vasodilation, slowed heart and pulse dilates , the S makes an error of omis-
breathing rates. Between lapses , the S per- sion. After the alpha rh ythm returns , and
forms at or close to his usual level. vasoconstriction beg ins , the S’ s performance

If decrement appears in the form of in- is brisk and accurate .
terrnitt ent lapses , what aspects of per form-  What task conditions promote or modif y
ance will be most sensitive to the adverse impairment ? What change s in the perform-
condition? This  depends on the nature of ance situation minimize  or maximize  lapses?
the task. As a rule , tasks are grouped in Some of the more important are monotony,
te rms of the common mental process they practice , knowled ge or resul ts , distraction
are thought to represent, e.g., spat ial tasks , and information load .
ve rbal, reasoning, learning, etc. In contrast ,
following Broadbent (1953), we first classif y MONOTONY
tasks as self-paced or work-paced . In a
self-paced task like editing script , adding In general, lapses increase both as a function
numbers, or sending messages, the S con- of sleep deprivation and task durat ion.  Sleepy
trols three important variables: The time Ss canpull themselves together to work very
when the stimulus is presented, the duration well for a few minutes, or seconds, but show
of the stimulus and his own response speed. increasing impairment as the task increases
In a work-paced task like radar observation, in length.
monitoring communications or receiving or- Figure 2 shows the incidence of e r rors
ders, these aspect s of the task ar e controlled in two-minute  blocks of a visual vi g ilance
by external Sources. In a self-paced task , task , where two sli ghtl y di f ferent  forms ,
the response can be deferred until a lapse is each lasting 10 minutes, were given in sue-
over. Thus impairment usuall y appears as cession . On the first day of sleep loss, task
a change in speed , but not in accuracy, In duration has little effect, but by about fifty-
work-paced task, however, since the stimulus four hours of sleep loss , the ~ccond block of
is present only for a l imited time , and the two-minutes is producing more e r rors  of
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omission than the f irst  two minutes. At Wilkinson on the third fortnight are more
seventy hours of sleep loss there is an even nearly the “true” effects of sleep loss than
steeper rise in errors during the first  six those obtained from the first  test .
minutes .

The same effect  occurs during the sec- KNOWLEDGE OF RESULTS
ond ten-minutes.  But notice that during the
first  block of two minutes , errors are much In general , motivational variables such as
less f requent  than during the fina l two m m -  knowledge of results  reduce the impairment
utes of the preceeding task. This brief re- due to sleep loss ,
cuperative effect  could have been due either Figure 3 also shows the effect  of knowl-
to the short rest  pause (about 30 seconds) or edge of results. Notice that knowled ge of
to a sli ght change in the task conditions. Our results, K, is markedly beneficial to per-
recent results  show that the important factor formance even during the third fortnight .
is chang ing the task conditions . The intro- Our own re sults using reinforcement tech-
duction of novelty helps sustain accurate niques have not been as dramatic as Wilkin-
performance.  The task duration effect  is son ’ s, but we have used much longer periods
not due simply to the total test  time. It is of sleep los s , It is obvious from a compari-
due to the duration of relatively constant son of our techniques with Wilkinson that the
s t imulus-response  requirements  (i.e ., mo- scheduling of feedback of results to the S is
notony) . When the sleepy subject beg ins a an important variable .
new task , he is momentarily aroused. If the
task is homogeneous , and monotonous he DISTRACTION
quickl y becomes drowsy aga in . These find-
in gs s trong l y support the use of c ross-  Sleep deprivation studies are usually con-
tra ining w i t h i n  crews t o  sustain system ducted in moderately noisy environment s
reliability under s tress , with variable lighting, temperature and hu-

Our colleague Bob Wilkinson , of Cam- midity. The possible synergism between
brid ge , Eng land has studied the combined sleep loss effects and these other environ-
e f f ec t s  of repeated exposure to the stress of mental variations is not known. In fact littl e
sleep los s, and practice on a test , or nothing is known about the combined c f .

Figure 3 shows that decrement in per- fects of multiple stress stimuli. For exam-
formance on a serial reaction-time test in- ple we know very little about the multiple
creases over three successive but independ— effect of sleep loss and fatigue.
ent assessments .  The increase in decrement W ilkinson has studied the combined ef-
occurs when the challenge of the experiment fects of acoustic white noise and sleep loss.
and the novelty of the task are reduced . It The results were not easily predicted from
could be argued that ‘the effects observed by knowledge of the independent effects of these

two types of load.
FIRST FORTMGHT SECOM) FORTNIGHT THCS) FORTNIGHT Figure 4 shows the ef f e c t  of  noise with
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/ sleep loss. There is an interaction between
I ‘V the two effects. For subjects who have re-

1$ NS:K . I’ ceived a normal ration of sleep (S) pe r fo rm—
NS,NN ~ 

• ance is better in quiet than in noise. For
6 / / \  sleep deprived subjects (SD) performance is

- better in noise than in quiet.

4 
o o Thus while noise ordinarily causes de-

crement in perf ormance, during sleep loss
/ it behave s more like incentive or novelty.

12 / / / This is not surprising post hoc , but a naive
prediction would have assum~~ that the ef-

10 / / fects of two decrement  producing variables
would, when combined , be ei ther  additive or

8 / ~~~ multiplicative.

6 / INFORMATION LOAD

4 1 Another task factor of considerable interest
/ .- “ - / in modern systems is the information load

/ / ,- -‘ imposed on the S. The amount of informa-2 ~ / * / ~~~~~~~~~~ 
tion which the S is required to process may, 

“~“~i of course , vary greatly, and the methods for
~ increasing or decreasing information load

FiVE VIW4JT E PE~ OOS OF T~~ TEST may be quite different . Thus information
load can be increased by increasing the num-
ber of alternatives in the stimulus display,

Figure 3 by increasing the uncertainty of time of
- 
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6.0 ordinate. In the 2sec , task, a tape-recorded
pair of di gits was presented every Zsec . The
~ added the di gits and wrote his answers on

5.0 a special answer sheet . For each S the
speed-load was varied over four levels, the  
fas tes t  p resen ta t ion  being a pair  of di g its
per second , Disregard  the curve labeled

4.0 .0 X SD/N Zsec , + 8,and notice that there appears to be
an interaction between the effect  of speed-
load and the e ffect  of sleep loss . That is ,
the hi gh spe ed test  shows the greatest  de- 
crement  under sleep loss . This interaction

S/N beca me s ta t is t ical ly si gnif icant  by the see-
w ond day of sleep deprivation.

The Zsec , + 8 task represents our at-2.0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S/Q sleep deprived human operator is breaking

tempt to get a f i r s t  approximation of where5.- -

in the process  of informat ion handling,  the

1.0 down , If we view the S as a kind of data
processing system which scans , senses,
compares , operate s on , stores and re t r ieves

0- data , than it is reasonable to ask which of

~ss 2nd 3rd these  funct ions is more affected by adverse
10 PAIN. PERIODS environments  or i m p a i r e d  physiolog ica l

sta t es . The chang ing speed requirement  in-
Fi gure 4 volved in moving from the 2-sec . to the 1-sec .

adding test  puts additiona l load on all pa rt s
presentat ion of critical si gnals , or by in- of the data processing sys tem . The speed of
c reasing the speed-load , input , storage and retr ieval , adding opera-

Fi gure 5 shows results based on the lat-  t ions and motor output are all jus t  about at
t er  procedure.  This was a worked-paced the upper l imi t s  of human capability in the
task  which  required the S to add successive , 1-sec . tasks.
randoml y arranged pairs of di gits . A meas-  We decided to reduce the input and out-
u r e of speed , number  of attempts , is on the put r equ i rements , while t r y in g to hold the

internal operation load at roug hl y the sal-ne
AUDITORY PACED ADDITION TEST (3 M N.) level as in the I-sec . task. Thus we re-

turned to the presentation of one pa ir of
‘~ S9 S L E E P  LOSS STU DY

- - _ . ..- -.— 2 SE C ~~ 
di gits every two seconds . A s fi gure 5 shows ,
this  task had been remarkably res i s t an t  to

IhS C N.44

I C  

sleep loss, The new task also required  onl y
one answer every 2 seconds. However , be-
fore the S gave his answe r he had to add the
constant (8) to each sum . As you see t h i s- 

25EC +8 5 3 6

task was at least as sensi t ive to sleep loss
U, a s t he hi gh speed 1-sec . t e s t . Since accu-

racy remained exceeding l y hi gh t h r o u g hout
I— sleep deprivation , t he se  r esu l t s  im pl y that
0 the p r imary  ef fec t  of sleep loss is on speed ,

and that the slowing occurs  in the add ing  op.-
eration ra ther  than the input or the output

- SEC T 1 4 4

ope rat ions .
The pract ical  impl ica t ions of t he  f i n d i ng

that monotony, practice , knowledg o f r sult s ,
dis t ract ion and information load all show in-TO -

1~

teract ions with the e ffect  of sleep loss a re
- obvious and s imp le . They show tha t  for  a

ta sk to  be r e s i s t en t  to prolonged wakefu lness
it should be reasonabl y challeng ing, the stim-

60 - ulus response requ i rements  should change
frequently, the S should be given knowled ge

I I I I of resu l t s  and o ther  incent ive s and it should
B , Fl , B 3 S, “~ be modera te l y redundant.  A common sense

B A S E L I N E  SLEE PLOS S RECOVERY anal y sis of job requirements and environ-
D A Y- ;  D A YS  t iM mental supports would almost certainl y lead

to the same conclus ions , but it ~s su rp r i s i ng
Figure 5 how often the rules for obtaining human
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reliability are violated in practice. The job Rosvold, H. E., Mir sky, A, F., Sarason, I.,
supervisor must  decide on the relative cost Bransome, E , D., J r., and Beck , L . H ., A
of cross-training, trading speed for accu- continuous performance test of brain dam-
racy, reducing the amount of information in age. J. consult. Psychol., 1956, 20, 343-
di splays, or the speed at which information 350.
must be processed, and providing quickening Wilkinson , R. T ., Interaction of lack of
sys tems to support the human operator . sleep with knowledge of results, repeated

testing and individualjdifferences. J. exp.
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1953, 44 , 29 5-303. frequency and finger pulse volume as pre-

Maag, C. H., Characteristics of mental dictors of reaction time during sleep loss .
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2C. THE INFLUENCE OF TASK AND ENVIRONMENTAL
VARIABLES ON THE MAINTENANCE

OF ViGILANT PERFORMANCE

Bruce 0. Bergum
Air I )efense H uman  Research Unit

Fort B liss , lexas

The trend toward increased mechaniza t ion  fail or to make an unusually large jump. The
and automation of Army systems in recent  subject was seated at a small table located
yea r s has led to an increase  in the num be r di r ec t ly facing the display, which was mounted
of character is t ica l ly simple and monotonous vert ical l y at his  eye level on the r ea r wall
monitoring tasks to be performed in con- of the booth . The roo m was i l luminated by a
junct ion with the operation of these sys tems. shaded 25-watt frosted lamp mounted above
This , in tu rn , has generated substantial re-  and behind the subject .
sea rch  in teres t  in those  conditions under  The si gnal occurred on the disp la y ac-
w h i c h  optimum per formance  can be main-  cording to a p re - se t  p rogram , and the sub-
tamed  on such tasks  over relativel y long pe- jec ts  made responses by depress ing a hand-
n od s of t ime , hel d pushbutton . Both si gnals and r esponses

It is very often the case where monitor- were automatically reg istered on pape r tape
ing tasks  are involved that the eff ic iency of recorders  located in a central control area
detection and recognition performance tends outside the booths . The con tr ol a r ea and the
to fall off rap idl y short ly after work is initi- four booths were interconnected by two-way
at ed on the task , and it was to determine communications network.
somi of the conditions underl ying this  “vi gi- Subjects. Approximately 600 inexperi-
lance effect” that the present  program was enced National Guard t ra inees  from the Army
under taken . The work to be presented here Training Center , Fort Bliss , se rved as sub-
was conducted under HumRRO Subtask VIGIL jec ts  in this  series of studies . Except for
IV of the Air Defense Human Research  Unit the requirements  that they  be be twee n the
at Fort Bliss , Texas. The general  objcc- ages of 18 and 26 years . and have no rmal
tives of VIGIL W were to identif y factors 20/2 0 vision (corrected) ,  no effort  was made
relevant to performance on a vi gilance task , to systematically select or a ssi gn the  m di-
and to develop met hod s and t echn iques for viduals participating in the studies . Before
maintaining peak operator e f f i c iency  in vi gi- the experiment began , they were g iven in-
lan ce s i tua t ions .  The specific purpose of the structions regarding the tasks they were to
resea rch  reported here was to demonstrate  per form and a demons t ra t ion  of the display
the  r el at ionships between a series of task in action ,
and environmental  factors in vi gilance per-  Conditions. A total of 15 variables were
f o r m ance . examined in this  serie s of studies . Signal

rates varied from a low of 6 si gnals per
METHOD hour to a hi gh of 24 signals per hour and

total test  periods ranged in length  from 60
Apparatus.  The apparatus employed in this minute s to 125 minutes . The typical experi-.
s e r i e s  of studie s was essen t iall y the same mcnt  included two , three , or four  group s of
for all exper iments. Minor  modif icat ions 20 subjects c ich , and re sponse measures
were required  for some of the studies and typically included both percentage of cor rec t
t hese  wil l  be noted as required . detections and response latency.

Typicall y, four sound--proofed , ar t i f i  -
ciall y v e ntilated booths were  employed . Each RESULTS
booth was equipped with a c i rcu lar  display
13 i nches  in d iameter , consist ing of 20 hal f -  Group vs. Individual Monitor ing .  The fi r st
inch red lamps which  were i l luminated in experiment compared the pe r fo rmances  of
sequence for  a period of approximately 1/ 10th  individuals working alone in the  booth with
second at a rate of 12 r.p. m . To the ~ubject , the combined per for mances  of pairs  of m di-
t ie - d ispla y no rmall y presented the appear- viduals working toge ther  in the same booth .
ance of a sing le li ght moving in br ie f  jumps All subjects worked continuously for 90 m m -
around the  peri phe ry  of the  d isp la y. A sig- utes in th i s  stud y, and t he si gnal  rate was 24
naP for exper imental  purposes consisted of si gnals per hour.  The resul t s , as indicated
the f a i l l l r , -  of a lamp to li ght in its normal in Figure 1, showed that multiple m oni to r in g
se quence . In t h i s  case , the apparentl y mov- resul ted in the maintenance  of a hi gh le vel
ing li ght appeared to the subject e i ther  to of detection pe r fo rmance  over the ent i re
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Pairing at Low Signa l Rate. The condi-
t ions for the third experiment were identical
to those for the preceding experiment  with
the exception that a signal rate of 6 si gnals
per hour was employed . Figure 3 g ives the
resu l t s  for  this  stud y. Both groups showed

j — t a decrement in performance over time , with
neither group showing any marked supe7 ior-
ity over the other. Statistical anal ysis  indi-
cated no group differences, but as in the
preceding experiment, the correlation be-
tween performances  of the paired individuals
was significant at the .01 level . Analysis of
the latency data yielded n o significant effects .

T_ Po.d

Fi gure 1. Percentages of correct detections
for multiple and sing le monitoring.

90-minute test period , whereas the single
monitor detected significantly fewer signals
dur ing  the second 30-minute period and con-
tinued at this  low level throughout the re-
mainder of the test . Analysis of the latency , Idata indicated no si gnificant d i f ferences  be-
tween the groups.

Pairing at Hi gh Signal Rate . The second 

- - - - -

stud y was des igned to determine the possibl y
facilitating effects  of the presence of a see-
ond monitor in the situation upon the per-
formance of a given individual . As in the Figure 3. Percentages of correct detectionsfirst  study, all subjects worked continuously by paired and by isolated monito r s (low rate).for 90 minute s without rest , and the signal
rate for this  study was 24 signals per hour. The combined effec ts  of studies 2 and 3Figure 2 present s the results for this  suggests that pairing may have some smallstud y. Both monitoring groups showed a de- affect on individual performance, but thisd ine in performance over time , but the per- affect is specific both to si gnal rates and toformance of the paired individuals was gen- the nature of the second individual in theerall y superior. However, this difference situation.was not stat i s t icall y si gnificant . A rank or- Rest Periods at Hi gh Signal Rate. Thede r correlat ion of .709 , si gnificant at the .05 fourth study was designed to determine thelevel , was found between members  of the effects  of rest  periods on vi gilance perform-pairs of individuals working together. This ance. In this study the coi~trol group workedeffect  could not be accounted for by experi- cuntinuously through a 90-minute period ,mental  ar t i fac ts , which suggests that the ef-  while the experimental group was permittedfeet  of pairing may depend upon who works a 10-minute rest period outside the boothswith whom . As in the preceding stud y, the between the f i rs t  and second , and second andlatency data showed no e ffects  of any kind, third 30-minute monitoring periods. The

signal rate in this study was 24 si gnals per
hour. As m d 1  ated in Figure 4, the rest
condition showed an almost constant high
level of performance over the entire testing
se s sion , while the control condition shows a
marked performance decrement that remains

level

low during succeeding work periods. This
difference was si gnificant beyond the .01

Rest  Periods at Low Signal Rate. The
conditions f o r  t h e  fift h experiment were
identical to those employed in the preceding— 

study with the exception that the signal rate
- - - - _________ in this case was 6 signals per hour. Figure

5 gives the results of this stud y. As in the
preceding stud y, the rest condition shows an

Figure 2. Percentages uf correct detections almost constant high level of performance
by pairedand by isolatedmonitors(hi gh rate). over the full testing period , while the control
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Figure 4. Percentages of correct detections Figure 6. Percentage s of correct  detections
by monitors with rest periods and by control by monitors with rest periods , paired moni-
monitors (hi gh rate), tars , and paired monitors with rest periods.

“1 either side of zero . Except when a signal
N. was generated by the programer , the pointer

N remained relatively stable about the zero

N point. Generation of the signal resulted in

N the clockwise deflection of the pointer through
- 

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

approximately 15 degrees of rotation. Sig-
nals for both the null-meter display and the
light display were simultaneously generated
by the same prograrner.

In the f irst  t ransfer  condition, the sub-
• 

~~~~~~~~~
‘ jects monitored signal s at a rate of 24 sig-

nal s per hour , followed by a second session
______ _____________________ at a rate of 6 signal s per hour. In the see-

T . 5 l ond transfer condition subjects monitored
first at a signal rate of 6 signals per hour ,

Figure 5. Percentages of correct detections then at a rate of 24 signals per hour, Half
by monitors with rest periods and by control the s u b j e c t s  in both transfer conditions
monitors (low rate). worked with the light display and half with

the null-meter display. All subjects moni-
conditions show a marked performance de- tored through two 45-minute periods , with a
crement over time . The combined results 50-minute rest period outside the booths be-
of Experiments 4 and 5 indicate that rest tween sessions.
periods are a very powerful variable in vig- The results indicated that there  was no
ilance performance and are relatively unaf- significant t ransfe r effect  in going from hi gh
fected by changes in signal rate. In neither to low, or from low to high signal rates for
of these studies did the latency data yield either display. In terms of displays , the
si gn ificant analyses . per entage of  correct detections f o  r t h e

Resting and Pairing Combined. To de- meter display was 95 percent and for the
termine the extent to which monitoring per-  light display 82 percent . This dif ference
formance would be optimized through a corn- was hi ghly significant statisticall y.
bination of rest and pairing variables , a fina l Knowledge of Results. The eighth stud y
stud y of this  group, employing a si gnal rate was desi gned to determine the e f fec ts  of
of 24 si gnals per hour , was conducted . The knowledge of results on vi gilance perform-
results , given in Figure 6, indicated that the ance . In addition to the standard apparatus,
combination of  pairing w i t h  rest pauses the booths were equipped with “h i t -miss”
yielded t h e hi ghest overall performance. displays. These displays consisted of two
However , none of these differences was sta- back-lighted indicators mounted side by side
tistically significant. in the center of the circular light display.

Transfer Between Signal Rates. The When lighted , one indicator glowed green for
seventh study tested combinations of two a correct response; the other glowed red
transfer conditions between signal rates and when a signal was missed. In this study, all
two display conditions. In addition to the subjects were given a 20-minute pre-test  on
standard apparatus, two of the booths were the apparatus, followed by a 10-minute rest
equipped with a nul l -meter  display. This period , followed by a 60-minute monitoring
display consisted of an ammeter with the session, During the 60-minute session, one
point centered a t  ze  r o  which could vary group received knowledge of results on 50
through an angular range of 15 degrees on percent of the signals according to a random
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schedule , and one group was g iven complete rewarded nor penalized. In the second ses-
knowled ge of results. Afte r a second res t  sion , subjects in nei ther  the experimental
period of 20 minute s, all subjects monitored nor control groups received any form of
continuously under identical conditions for a monetary reward.
period of 90 minutes . Si gnal rate was 12 The resul ts  for the 60-minute rewarded
si gnals per hour. session are presented in Figure 9. Statisti-

Resu l t s  for the 60-minute session are cal analysis  indicated a si gnificant interac-
presented in Fi gure 7. None of the differ-  tion between conditions and time periods and
ences shown in this fi gure are statisticall y a si gnificant overall performance decrement.

The rewarded group performed significantly
better than the controls in the f i rs t  period
but no better in the last two periods.

-

‘ U

N-

‘ U

I 

~~~~ 

•
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~~~~i~~ I

Fi gure 7. Percentages of correct detections
fo r knowledge of r esul ts  experiment during
d i f fe ren t i a l  -t rea tments  session .

Figure 9. Percentages of correct  detections
si gni f icant  al though the resul t s ar e in the by reward and control groups in differential-
ex pected direct ion . The resul ts  for the 90- treatments session.
minute  session in which no knowled ge of re-
sul ts  was given to any of the groups are Results for the non—rewarded sessionpresen ted  in Figure 8, Again , there  were no are presented in Figure 10. Again , statisti-
si gni f icant  d i f f e r e n c e s  in t ransfe r between cal analysis indicated a significant interac-the groups . tion between conditions and time periods and

a significant overall performance decrement.
Performance of the rewarded group was at
the same level as that of the controls during
the firstperiod , but was significantlypoorer in
the last two periods .

Together , these resul ts  suggest that theJ U
l 

~~~~~~~~~~~~~~~~~~~~~~~~~~ positive effect  of monetary rewards is short -
lived and that the depressing effect  on per-
formance , observed when monetary rewards
are removed , can be interpreted as resul t ing

,_ PUN,

Fi gure 8. Percentages of correct detections
for knowled ge of resul ts  experiment during
ident ica l - t rea tment  session.

T~~~~iii iI
I N

Monetary Rewards . The purpose of the
ninth  stud y was to de te rmine  the e f fec t s  of
monetary rewards on vi gilance performance . •
As in the preceding stud y, th is  stud y was
conducted in two separate sess ions  of 60 and - - - - ____________

90 minute s ‘ ach.  During the f i r s t  sess ion ,
the subjects  r eceived 20 cents for each si g-
nal they  correctl y d e t e c t e d , hut had 20 cen t s  Fi gure 10 . Pe rcentages  oi correct  detect ions
subtracted from the i r  total for each fa i lu re  by reward and control groups in ident ical -
to d~ t ect a  si gnal. False si gnals were n e i t her  t r ea tmen t  session .
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f rom a reduction in the motivational level of at the rate of 12 per hour , and all subjects
th e  rewarded group. were given a 20-minute  pre-test followed by

False Visual and Auditory Signals . The a 20-minute  rest period , followed by a con-
purpose of the tenth stud y was to determine t inuous 135-minute monitoring session. The
the e f fec t s  of false , or irrelevant, visual and experimental  subjects were informed re-
auditory si gnals on vi gilance performance. garding the exact length of the monitoring
In th is  experiment , the hit portion of the hi t-  session , were allowed to wear , or were pro-
miss  indicator described earlier was em- vided with , time pieces and encouraged to
ployed as a false visual signal indicator. In make use of them during the session . Con-
addition , a tone generator was located in trol subjects deposited their  t ime pieces
central control area , with associated ear- with the exper imeters  and were g iven no in-
phones in each boot h . Tones and visual false forMation concerning the length of the vi gil .
si gnals were automatically initiated by the Fi gure 12 presents  the resul ts  of this
programer. Signal rate for the fa lse  si gnals stud y. This fi gure shows a typica l .  deere-

L was 1 2 si gnals  per hour;  true si gnals were mental function for the control group, with
also given at a rate of 12 si gnals per hour . performance tending to level off in the final

All subjects were g iven a 20-minute two periods . In contrast , the experimental
pre-tes t  on the apparatus , followed by a 20- groups showed an 18 percent increase in de-
minute  rest period , followed by a continuous tections between the fourth and final t ime
monitoring session of 135 minutes . Subjects periods . Stat i s t ical analysis of the detection
were required to respond to all si gnals , score d i f fe rences  between the fourth and
whether  true or false , in the normal way. f i nal periods for both groups indicated no
One group received interpolated false visual change for the controls but a hi ghly si gnifi-
si gnals at a rate of 12 signals per hour . A cant improvement for the experimental group .
second group received interpolated fa l se  These resul ts  suggest that the knowled ge of
si gnals at a rate of 6 signals per hour . The vigil length is an important variable in de-
final experimental  group was required to termining the occurrence of an end - spurt
terminate a randomly interpolated intense effect  in vig ilance performance.
auditory signal presented  at the rate of 6

N 

Figure 12. Percent:ge s of correct  detec-

J tions by group knowing vig il length and by
cofltroi group . 

of Pre-Test  Performance.
Study thir teen was desi gned to determine the

N effects of knowled ge of pre-test  performance
on performance of the primary task. The

- - - ___________ 
apparatus and general procedures for the
study were identical to those employed in
the preceding study including a pre -test pe-

Fi gure 11 , Percentages of correct detec- n o d  and 135 minute s of continuous monitor-
tions of true signals by the three false- ing. Signal rate was 12 signals per hour .
si gnal groups and the  control group. Experimental  subjects were publicl y in-

formed as a group bf their  individual per-
Knowledge ofVigil Length. The eleventh formances during the 20-minute pre-test

stud y was desi gned to determine  the ef fec ts  period before entering the booths for the
of knowled ge of vi gil length on performance.  135-minute session. The percentage of cor-
It was h ypothesized that such knowledge rect detections on the pre-test for each sub-
would y ield si gnificantl y improved pe r fo rm-  ject was read aloud to the group from an of-
ance in the final period of the monitoring ficial roster  shortly before they were tested
session. In th is  study, signals were presented on the pr imary task.
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The resul ts  are presented in Figure 13.
The experimental group showed slightly su-
perior performance for all time periods , but
this super iori ty was not stati stically signifi- 

U

cant. Correlations between age and test
performance indicated a significant rela- i
tionship for the experimental group. This Ifinding sugge sts that the effect of pre-test
knowled ge is some function of the gneral ex- a
periential or maturity level of the individual . a

U

Fi gure 14. Percentages of correct  detec-
tions by supervised and contro l  groups.

L • 

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

tha t both the difference between the groups
and the decrement in performance were
hi ghl y si gnificant . A separate analysis of
the data from the supervised group in terms
of the effects of the individual military ob-
servers was not significant .

Optimization Study. A fina l study was
~N, conducted to compare the relative effects  of

Figure 13. Percentages of correct detec- four combinations of variables on vigilance
tions by group given knowledge of pretest performance. Of the several variables stud-
performance and by control group. ied in this program, those three were se-

lected which appeared to be: ( 1) the most
S u p  e r v i s e d Monitorin Experiment effective in maintaining hi gh levels of moni-

fourteen investigated the efFects of super- toring performance, and (2) operationally
vision on monitoring performance. In this most feasible. These variables were: pair-
study, again , all subjects received a 20- ing, re st intervals , and supervised monitor-
minute pre-test , followed by a 10-minute ing conditions.
re st period , followed by 135 minutes of con- The monitoring period was 150 minutes
tinuous monitoring in the booths. Signal in length; si gnal rate was 12 signals per
rate was 12 signals per hour. hour. The first  condition combined super-

The experimental subjects  were in- vision and rest; the second condition corn-

formed that from time to time a Lieutenant bined supervision and pairing; the third con-
Colonel (or Master Sergeant) would visit dition combined pairing and rest interval

them in the booths to observe their perform- variables; and the final condition consisted

ance. The Colonel and the Sergeant each of the combination of all three variables.

visited 10 experimental subjects during the Figure 15 presents the results of this

course of the study. They entered the booths study. All groups tended to show a sli ght

onl y dur ing those intervals when signal s decrement in performance over time . The
were not programed, and remained in the ordering of the group s in t e rms  of over-
booths until at least one signal had occurred , all effectiveness was: supervised-paired,
Failure s to detect signals were pointed out
to the subjects by the observers and conver-
sations were generally held to a minimum.
Visits were made according to a pre -arranged
schedule in which frequency and interval s
betweenvisits were counter-balanced across
time periods , Each subject was visited ap- J ‘proximately 4 times in the course of the
testing. I

Figure 14 presents  the results of this
study. Both groups demonstrated decreases U

in performance between the first  and second
peri -ds , with the control group show ing an
add itional decreas e in the th ird period. Per 

-

_____________________________
formance tended to level off by the end of
testing in both groups , but the supervised
group was generally superior throughout all Figure 15. Percentages of correct detec-
time periods. Statistical analysis indicated tions by all groups (optimization study).
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superv i sed- re  s t-paired , r e s t - p a i r e d, and which it was manipulated. This study in-
supervised-res t .  While the small overall volved correlated measure s on a very large
decrement  was significant , the d i f ferences  N , which suggests that signal rate is a rela-
between conditions w e r e  n o t  si gnificant.  tively minor variable in vigilance perform-
These results suggest  t h a t  pairing, w i t h  ance .
some sort of supervision, yields a consist- The finding that little decrement oc-
ently hi gh level of performance over a rather curred with the meter display, with the false
extended time period, and that rest periods visual si gnals , and with the false auditory
contribute little to the combination within signals supports the suggestion tha t , in de-
the time period of this study. fining vi gilance , the si gnal be qualified as

being near threshold. When intense, pro-
DISCUSSION AND SUMMARY longed , or otherwise clearly discriminable

stimul i are involved , very little if any per-
In general , the results  indicate that multiple forrnance decrement can be observed. This
monitoring yields si gnificantly improved de- effect  is in line with an ‘arousal” interpre-
tection performance for a system and , under tation of vig ilance , since arousal theory is
some circumstances, yields improved m di- essentially a theory of thresholds.
v idual performance as well . The effect of The failure to demonstrate any si gnifi-
spaced rest per iod(was unambiguous. Re- cant effect  due to knowledge of results is
gardless of si gna l rate , monitoring with rest  contrary to the usual finding, and suggests
periods consistently yielded hi gh levels of that this variable is somewhat less general
individual performance, and from the data it in its e f fec t s  than has ordinarily been m di-
would appear that pauses of even brief dura- cated. The tendency was toward better per-
tion might prove equally effective . formance , however , and it is worth noting

The si gnificant correlation between per-  tha t the group receiving 50 percent knowl-
formances of individuals working together , ed ge of results performed very similarl y to
but independently, suggests some form of the group given 100 percent knowledge of re-
social or inter-personal interaction operat- suits . This implie s that under conditions
lag in this  situation. This raises a number where knowledge of resul ts  is effective , the
of questions concerning the nature and causes 50 percent condition might be as effective as
of this interaction. The possibility of illegal the 100 percent condition.
exchange of si gnal information can be ruled The superior performance of the reward
out on the basis of the pattern of responses group in the f i rs t  period of the f i r s t  session
and the random auditory monitoring by the was as anticipated . The decline in perform-
experimenters. It is clear tha t the nature of ance to the level of controls during the see-
this  interaction is stimulating since , at worst , ond and third periods of that session, however,
poor performances were at least equal to indicates that the effect was short-lived. Of
those of the controls and , in general, tended greater intere st was the significantly poor
to be better . Whether  this stimulation stems performance of the experimental group in
from the arousal of competitive motivation the second session, when rewards were no
or simply from the generally stimulating ef-  longer provided them . These results suggest
fects  of conversation cannot be determined that the net effect of the withdrawal of re-
from the present data , but the results sug- wards is to reduce the motivational level to
gest a number of interesting research pos- a point lower than that of a group that has
sibilities , including t h e  relationships be- never had rewards . In short , the indiscrimi..
tween a variety of personality variables and nate use of rewards may result  in a net loss
susceptabilit y to the pairing effect,  in detection proficiency.

The failure to demonstrate significant Similarly, the performance of the group
t ransfer  ef fec ts  as a function of different  given knowledge of vigil length tended to be
signal rates is not surprising. While a slight poorer than that of the controls over all .
tendency was apparent in the predicted di- This end-spurt  improvement was an increase
rect ion , the effect was minor at best. This ~g the level of control s at the end of testing
is in line with the fact that no evidence of from a level well below that of the controls
learning was demonstrated in any of the during the center portion of the session.
studie s in which such ef fec ts  could reason- Thus , the net effect of the condition was to
abl y have been anticipated (those studies reduce the over-all performance of this
employing pre-test , successive test  periods group.
after  res t , or two-session studies). The results for the variable , knowledge

Two points upon which expectancy theo- of pre-test  performance, while showing no
rists appear to place heavy reliance were of significant overall improvement in perform-
small consequence in this series of studies. ance , suggests that this variable could be
Response latencies were demonstrated to be significantly effective under some circurn-
signif icantl y related to detection probabili- stances. As demonstrated in this study, the
ties in only one instance. Also , signal rate effectiveness of this variable appears to be
was demonstrated to be a significant van - related to the age of the subject. This sug-
able in only one of the several studies in gests that a maturity factor is involved
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because , in general terms, chronological age overall performance. In the present studies ,
is related to maturity, One charac ter i s t ic  of although performance on the p r imary  task
maturi ty  is an increased appreciation for the tended to be reduced below that of the con-
consequences  of behavior , which  in turn im- trols , a significant decrement  did occur ,
pl i es  an increased percept iveness  of , and which suggests that present condit ions lie
re sponsiveness to , threat  and the conse- somewhere between the simple and mul t ip le-
quences of threat. In the present  stud y, the dial tasks along a dimension of complexit y.
operations employed to generate a condition It is neither surprising nor incons is ten t  with
of ego-involvement were of a subtl y threat -  the pre sent  resul ts  that those s tudies  us ing
ening nature and could well have been per- arbi t rar i ly designated real si gnals as false
ceived as such by the more experienced sub- si gnals have resulted in improved detection
jects.  Aside from speculations as to the of true si gnals. Operationally, such condi-
cause , the fact that older subjects performed tions are identical with an increase in a
bet ter  under these conditions is of some known, sometimes effective  variable , si gna l
practical  significance be  c a u s  e i t  implies rate . The present results  do suggest  that
that age might be of some value in the se- general statements regarding the effects  of
lection of operators . increased stimulation such as suggested by

The failure to demonstrate greater vig- the activation hypothesis are not valid when
ilance in the detection of true signals as a such stimulation results  in increased task
result  of interpolating false signals is con- complexity,
t ra ry  to results reported in the literature. The expectation that detection pe r fo rm-
When considered in terms of the nature of ance can be maintained at relatively hi gh
the false signals employed in the present levels under supervised conditions was con-
studies , however , the results become more firmed by the data. Of particular interes t
understandable. The earlier studies em- was the wide difference in performance be-
ployed ei ther false signals that were indis- tween the experimental and control groups .
cniminable from the true signals, or signals This difference , 46 percent in the final pe-
in the same modality that were qualitatively n o d , is even greater that that demonstrated
discriminable but of similar intensity. In with rest periods. While a sign ificant de-
the present  studies , one condition employed crement  did occur la the experimental group,
an intense false si gnal in a different sense the poor performance of the control group
modality from that of the true signal . Under suggests that , had the easier task employed
the other two conditions , although in the in the ear l ie r  stud y of r es t  periods been
same sense modality, the false si gnals were employed in the present stud y, the super-
more intense by several orders of magnitude vised condition mi ght have yielded a similar,
and were located in central, physically dis- nea rl y perfect  performance.
tin ct positions . The present experiments The results for the optimization study
were undertaken because it was suspected were as anticipated and require no further
that the use of false si gnals mi ght not , in discussion. They do suggest that, with a
fact , lead to facilitation in the detection of careful selection of conditions, significantly
true signals , and the data bore out this sus- hi gh levels of performance can be main-
picion . tam ed over fairl y extended time periods .

In a sense , the false signals employed In general , the data tend strongly to
in these experiments constituted a condition support a motivational interpretation of vig_
similar  to that in other studies in which a ilance . In simple tasks , or tasks in which
second , or t ime..shared task was employed, the necessary discriminations h a v e  b e  e n
In such tasks the increase in task complexit y well established, learning appears to be a
did not improve performance on either de- trivial factor at best in the maintenance of
tection task , and in fact , tended to reduce detection performance.
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2D. HUMAN FACTORS STUDY OF DESIGN CONFIGURATIONS
FOR THE LASER RANGE FINDER

A. Charles Karr and Thomas O’Connor. Pf c.

Frankl ord Arsenal
Philade l p hia , Penns y lvania

Range f inding  has  been a per en nial problem 1. The tr i pod confi gura t ion
for the forward observer  and ar t i l le ry  in 2 . The bi pod configura t ion
general .  With  the development of LASER 3. The shoulder-held confi guration
(Light Amplification by Stimulated Emission The tri pod mockup (see Figure 1) was de-
of Radia t ion) ,  Frankford  Arsenal  eng ineers  si gned to simulate the weig ht , confi gurat ion ,
saw a solution to the range finding problem. and operat ion of the proposed LASER Range
If coherent  li ght could be reflected f rom a Finder. The upper telescope was used by
target  and re turned to stop a t iming device , operator to sight on ta rge t  and had 6x mag-
then the range  to the ta rge t  could be accu- n i f ica t ion,  The lower telescope attached to
ratel y dete rmined,  the camera had ZOx magnif icat ion.  The cam-

The Fire Control Division of Frankford era operated automatically ,  being tri ggered
Arsenal  began the desi gn of a LASER Range by the hand-held switch (shown cli pped to the
Finder and const ruct ion of a breadboard side of the mockup) . The automation in-
model. The breadboard was demonstrated eluded film exposure and film advance. After
for  the Ar t i l le ry  Board at Fort  Sill in March lay ing on a target  using the t raverse  and
1962. At that time , the Arti l lery Board rec- elevation knobs , the observer depressed the
ommended an immedia te  in ve stigation of hand-held switch , the r eby photographing his
conf igurat ion requirements in order to in- sight picture and advancing the film for the
su re an optimal design of the final system. next f rame.
The Art i l le ry  Board , therefore , recommended . - -

that  appropriate mockups be fabricated using
cameras to r ecord si ghtings. These mockups ‘ 

~~~~~~~~ ~~~~ t1,j
;ere then to be used to conduct a human fac- - 

- 
- - - - - - -

~~~~~~
- - - -

to r s en gineering stud y to obtain answers  to - - -- -

design quest ions.
The Fire Control Division , Franklord - 

. 
- -  -

Arsenal , immediately engaged in the desi gn ~~~~~~~ ;‘ - - - 
- - -

and construct ion of the mockups. The Human
Factors  Engineering Branch , with the as- - - - -

sistance and co-operation of the Art i l lery
Board and the Fire Control Division , planned --
and conducted the experiment presented in

METHOD

Subject s  Twenty-eight officers and non- ~~~ ~~~~~
com missioned officers served as the ob- 

~~~~servers  for this  study. The group included - -~~~~~~~ . ‘ -~- -~~

eig ht of f icers  and four non-commissioned
off icers  with comba t experience as forward  Figure 1. Tri pod mockup.
observers  and sixteen off icers  with basic
knowled ge of fo rward  observer techni ques The combination b i pod / shou ide r -held
obtained f rom the orientat ion course at Fort mockup(see  Fi gure 2) was desi gned to simu-
Sill. Pr ior  to the exper iment , the observers late the probable weight and configuration of
were g iven ins t ruc t ions  concerning the LASER the final system. The weight was seventeen
Range Finder  and were permitted to do some pounds. The mockup is shown with its bipod
rang ing using the LASER breadboard. The in position. The same ins t rument  served as
ins t ruc t i ons  emphasized correct  and incor-  the shoulder-held system with the bipod
rect  lay ing of the range f inde r,  folded away. The operation of the camera is

the same in this mockup as in the tripod
Apparatus and Facilities. Three design con- mockup.
fi gurat ions  of the LASER Range F inde r  were Two range areas at Fort  Sill were used
compared in the stud y. These configura t ions  for this experiment.  The ranges were des-
were:  ignated as W .est Range and East Range.
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Figure 2. Combination bipod/shoulder-held mockup.

Descriptions of the targets arid their ranges camera would see them. Imagine that the
follow: four central corners of the reticle are con-

nected by imaginary  strai ght lines forming
West  Range an enclosed square. This square represents

the receiving area of the photocathode tube.
Range The returning light signal must enter a por-

Target (meters) tion of the receiving area in order to stop
the timer , thus giving the range to the object

Bunker 1786.90 f rom which the li ght has been ref lected.  The
Tree stump 305.14 f i r s t  li ght signal r e tu rn ing  to this area stops
Remains  of tank hull 2798. 45 the counter.  Therefore , if all of the li ght
Small tree 946.53 re turn ing  to thi s area come s f rom the ta rge t
Small lone rock 2889.55 alone as is the case here , the correct range

is recorded . If the observer aims high so
East Range that a part of the target is seen in the square

and the remainder of the square consists of
- 

Range more d is tant  objects and back ground , the
Target  (meters )  f i r s t  signal will come f rom the target  and

will give the correct  range.
Hoiizontal par t of road halfway An incorrect range is recorded when the

between tree and telephone pole 1489.79 observer places objects nearer than the tar-
Top half of culvert 1647,03 get inside the square (see Figure 4), or when
Sandbag emplacement 1154.45 distant objects are included without a part of
Small clump of bushes 1762.25 the target  (see Figure 5}.
Sign on telephone pole ? The experiment was conducted in two

phases. The first phase was intended as a
Procedure. The experimental task of the preliminary experiment to determine whether
observer was to use each of the proposed or not the shoulder-held standing position
LASER Range Finder configurations against and/or th -~. shoulder-held prone posi t ion
a series of targets. In each trial , the ob- should be omitted as variables f rom the
server was to obtain what he con sidered to main experiment. The purpose of the pre-
be a correct  lay, then tr i gger the camera l iminary experiment  was to t ry  to reduce
which photographed his sight picture. At the complexity and duration of the main ex-
this point it might be well to describe cor- periment.
rect and incorrect lays.

InF i gure 3,the target and superimposed Procedure-Phase 1. Four observers served
reticle are shown just as the observer and as subjects for Phase 1 of the experiment.
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Figure 3. A correct lay for the LASER Range Finder and the camera mockup.

Five combinat ions  of camera mockups and receive the 3 additional t r ia ls  for position E.
observer  position were  compared. These The reasons for  the unequal number of t r ia ls
posit ions were:  involve the number  of f rames  available for

- - each roll of film , the number of changes ofA . Tripod-mounted system - high. In . -
- . - film , the number of changes of experimentalthis  position , th e ob se r ver  stood - -

- - variables , and the desire  to keep each ob-erect  when viewing throug h the tele- server ’s data grouped together .
scope. - -

- Observers  1 and 3 began with the tripod-B. Tripod-mounted system - low. In -- - - mounted sys tems  and then immediately v~t-ntthis  position , the observe r knelt - . -
- - on to the i r  tr ials with the bipod and shoulder-when viewing through the telescope.

- held systems.  Observer 1 began with theC. Shoulder-held s y s t e m - p r o n e. Thi s - - -- - high tripod and observer 3 began with theposition was the same as the prone - -
- . . . low tripod. Observers  2 and 4 worked in theposition with the M l4  Rifle.  - - . -

- reverse  order , tha t is , beginning with theD . Bipod-mounted s y s t e m  - prone. -
- . - bipod and shoulder-held systems.  Thus theThis  position was the same as the -

- - . conditions were counterbalanced among theprone posit ion with the M60 Ma- observers .chine Gun or BAR .
E . Shoulder-held system - standing. RESULTS - PHASE 1Thi s  pos i t ion j~~ the same as the

standing posit ion with the M 14 Rif le .  . . -The resul ts  for the individual obse rve r s  are
Each obse r ve r was given 3 t r ia ls  for  shown in Table 2. The percent  cor rec t  l ays

pos i t ions  A , C , and D and 6 trials for  posi- for the four observers  for  the five posit ions
tio n s B , and E. However , observer.  3 did not are presented in Table 3.
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Fi gure  4. An incor rec t  lay: the readout  wi l l  i nd ica te  range  to f o r e g r o u n d  r a t h e r  than bunker ,

Table 1 Table 2

Summary  of Desi gn of Percen t  Co r r ec t  Lays  for  Each
Phase 1 E x p e r i m e n t  Observer  for  Each P o s i t ion

Sessions Pe rcen t  C o r r e c t
_____ — — La y s

Observer  1 2 3 4 5 Pos i t ion  — — —
01 02 03 04

A B E C U

Z C E D A B Tr i pod-mounted  - Hi g h 100 100 100 100

3 B A E C U T r i pod-mounted  - Low 100 100 100 100

4 C B U B A  Shoulder -he ld  - Prone 67 100 64 11

A - T r i pod-mounted system - hi gh Bi pod-mounted - Prone 100 100 100 92
B - Tri pod-mounted sys t em - low
C - Shoulder-held sys tem — prone Shoulder-held - Standing 17 33 8 9
U - Bipod-mounted  system - prone  — — —
E - Shoulder-held  system - s tanding to base co nc lus ions  c o n c e r n i n g  the or i g ina l

h y pothes i s  on the individual data. The m di-
DISCUSSION - PHASE 1 v idua l  data , however , a r e e x t r e m el y i m por ta n t

beca use they show that  the re lat ive per form-
Because of the coun te rba l anc ing  of cond i -  ance in the p o s i t i o n s  is cons i s t en t  f r o m  ob-
tio n s amon g ob se r ve r s , it wo uld be i n c o r r e c t  se rver  to o b s e r v e r,  It should be noted that  all
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F’ i gu r ’ . An i n c u r  rt  c t lay:  th e  r eadout  wil  I indica t~ r an g e to bac k g round r a t h er  th .~ ii l ,un l ’, • r

Table 3 The magnitude of the d i f fe rences , co nsider-
ing the purpose of the preliminary experi-

Percent  Correct  Lays for Each Position ment , is so gr eat as to make this te r mina l
(S s = 4) s tat is t ic  su f f i c i en t  in i tself to dr aw de f in i t e

conclusions . The d i f fe rences  obtained leave
- Pe r ce nt no do ubt abo u t th e in f er i o r i t y of the two

Posi t ion C o r r e c t  Lays shoulder-held pos i t ions .  Fhus , in acco rd-
ance with our ori g inal hyp othesis , both of

Tri pod-mounted  - Hig h 100 these posi tio n s cou ld be e l imina ted  f r om
Phase 2. In order to have a balanced expe-

Tripod-mounted - Low 100 r iment , however , the shoulder-held prone
position was retained.

Shoulder -he ld  - Prone 59
Procedure - Phase 2. The main exper iment

Bipod-mounted - Prone 98 was conducted in Phase 2 with twenty-four
observers  serving as subjects.  Four posi-

Shoulder -he ld  - Standing 13 t ions were  compared:
A . Tri pod-mounted system - hi gh

obse rve r s  had 100% c o r r e c t  lays for both t n -  B. Tr i pod-mounted system - low
pod p o s i t i o n s  and the i r  lowest  pe rcen t  cor rec t  C. Shoulder-held system - prone
la ys for the shoulder -he ld  posi t ions .  A lso , D . Bi pod-mounted system - prone
three obse rve r s  had l O O% c or r e c t  lays  for the Five t a rge t s  at the Wes t  Range and five tar-
bi pod system while the other observer  had gets at the East Range were used . The ob-
92% co r rec t  lays for th i s  posi t ion.  se rvers  ranged once on each t a r g e t i n  each of

The unequal  number of t r i a l s  l imi ts  the the four  positions. Therefore , each observer
statistical treatment to percent correct lays . had for ty  trials , ten t r ials  in each position.
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Table 4

Summary of Desi gn of Exper iment  for Phase 2

Five West  Range Targets  Five East Range Targe t s

Observer  Tr ia ls  Tr ia l s

1-5 6-10  11- 14 16-20 f l-Z 5  26-30 31-35 36-40

5 A B D C U C B A

6 D C A B A B C D

7 B A C D C D A B

8 C D B A B A U C

A. Tri pod-mounted system - hi gh
B. Tri pod-mounted system - low
C. Shoulder-held system - prone
D. Bi pod-mounted system - prone

The procedure for this phase was es- Table 6
sent ia ll y the same as that for Phase 1. The
obse r ver s , taken four  at a t ime , were given Combined Data for East and West Ranges
all their t r ia ls  at the West  Range , then two — — ________

days later all their t r ia ls  at the East  Range.  Percent
At both the Wes t  and East Ranges , each Position C I Correct

group of four  observers  worked in the same Lays
fashion as the four  obse rve r s  in Phase 1. In — ________

other words the same counterbalancing was Tri pod-mounted - Hi gh 185 7 96
used as shown in this slide for each group of
four observers . Tri pod-mounted - Low 187 6 97

RESULTS - PHASE 2 Shoulder-held - Prone 105 96 52

The percent correct  lays on each range for Biped-mounted - Prone 180 30 86
each position are presented in Table 5. The — — ________

combined data for the East and West  Ranges  posit ion , and 52% for the shoulder-held prone
are presented in Table 6. posi t ion.  T h e r e f o r - , the tripod - mounted

confi guration was more accurate tt ,an the
DISCUSSION - PHASE 2 other configurat ions .  The relative standings

of the confi gurations was the same for both
The obse rve r s  scored bet ter  than 95% cor-  the East arid West  Ranges.  This consis tency
rect  lays for both the tri pod-mounted posi- is indicative of the reliabili ty of the resul ts .
tions , 86% for the bi pod-mounted prone An interest ing point should be noted

concerning the data for the two ranges . All
Table 5 of the East Range tr ials  were  run two days

af ter  the West  Range t r ia ls .  Ordinarily an
Percent  Correct  Lays on Each Range for exper iment  conducted in th is  manner  would

Each Position y ield bette r results  for the Eas t  Range due
to practice or lea rn ing .  An examination of

Percent the data shows an improvement  for  the tripod
Correc t  Lays confi guration but a decrement  for the bi pod-

Position mounted and shoulder-held sys tems.  Be-
West  East cause of the counterbalancing used in this
Range Range experiment, we must  conclude that thi s de-

crement  is the result  of a d ifference in the
Tri pod-mounted - Hi gh 95 99 two ranges.  This  conclusion was supported

by the opinions of the observers  who gener-
Tri pod-mounted - Low 96 99 ally agreed that the targets  at the East

Range were more diff icul t  than those at the
ShcLilder-held - Prone 56 47 Wes t  Range. We conclude , therefore , that

not only is the tri pod confi guration super ior
Bi pod-mounted - Prone 88 82 to the b i p o d - m o u n t e d  and shoulder-held
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configurat ions , but that  as the d i f f icul ty  of observers  were re luc tan t  to add ano the r
the t a rge t s  increases , the super ior i ty  is piece of equi pm ent to the alr eady burdened
more pronounced . fo rward  obse rve r  unless  the sys tem offered

capabi li t ies  be y ond tha t of ra n ging .  F~~r cx -
OBSERVER CRITIQUES amp le , the observers suggested t h a t  the

tri pod-mounted system could be des i gned
Following the formal  exper iment , the ob- with az imuth  and ve r t i ca l  ang le i n d i c a t o r s
se rvers  part ici pated in an oral crit i que of with control  knobs which allowed gr oss and
the LASER Range Finder configurat ions  and fine ad jus tmen t . All the obse rve r s  emp ha-
character is t ics cons ide r ing  especially the sized that lig ht wei ght mus t  be the chief con-
use of this range f inder  in combat. The sideration in the development of the range
twenty-eight subjects were  in terviewed in f i n d e r,
groups of four . The in terviews were un-  In ra t ing  the five confi gu r a t i o n s  and p0-
str uc tured;  that is , the int e r v i ewer  d id not  sit ions  u sed in th e exper i m e n t , twe n t y - t w o
suggest  the topics for  discussion or a t tempt  of the t w e n t y -e i g h t o b s e r v e r s  stated that the
to direct  or limit the comments  of the ob- t r i pod-mounted confi gur a t ion was the best
se rvers . As a resul t , the observers  were  configura t ion  fo r  the LASER Range Finder .
allowed to discuss aspects  of the LASER and The stabil i ty of the system and , si gn i f i can t ly,
the desi gn confi gura t ions  which were most  the capability of rechecking the si ght p i c tu re
meanin gful to them. The in te rv iew groups after  rang ing were  cited as chief advantages .
were  purposel y kept small so that all the oh- The tripod mount  can easily be equi pped with
se rve r s  would participate in the oral cr i t ique azimuth and vert ical  ang le indicato rs. The
and to allow a gr ea ter va r ie t y of v iews . The tri pod-mounted low confi gura t ion  was felt  to
oral c r i t iques were taped. offer  suf f ic ien t  ease of concealment as well

Following the oral cr i t i que the obse rvers  as stabil i ty.
were  g iven a wri t ten ques t ionna i re .  Twenty-  The chief disadvantages cited for  the
seven of the twent y-eight observe rs sub- tripod system were:  wei ght , and prob lems
m i tted wr it ten c r i t iques . The i tems on the of movementand  emplacement  in a fast  mov-
wr i t t en  questionnaire were general in nature.  Big situation.
T he qu es t ions  wer e f or mula ted so th a t the Th e bi pod-mounted configura tion  ranked
ob s e r v e r s  could discuss various aspects of second to the t r i pod-mounted confi gura t ion .
th e desi gn confi gurat ions without having their The observers  were impressed with the mo-
th inking channelized.  bility and ease of emplacement and conceal-

The f i r s t  question asked the observers  ment of this configuration. The obse rve r s
to review the desirable and undesirable set hi gh value on these character is t ics  of the
cha rac te r i s t i c s  of the shoulder-held , tri pod- bipod system , stating that the accuracy of
m oun ted , and bipod-mounted configurat ions.  this sy stem , although it was  not  as good as
The second question asked the observers to the tri pod system , was “ good enoug h. ” Sev-
rate the five positions studied in the ex- eral observers  asked for both a bipod and
pe r iment  ( shoulder -held s tanding/kneel ing,  tripod capability. Some obse rve r s  sugg e sted
tri pod-mounted low , shoulder-held prone , t l-~ t a separate low mount  be developed so
tripod-mounted high , bipod-mounted prone) .  that the Range Finder could be used in the
The four observers  f rom the f i r s t  phase prone position.
rated the shoulder-held standing position. The chief disadvantages cited for  the
All other observers were asked to treat this bipod conf igura t ion were:  uns teadiness , in-
posi t ion as a shoulder-held kneel ing position ability to recheck the si ght picture af ter
and rate  it even though they did not actually ranging,  and relat ive inaccuracy f or small
use this  posi t ion.  or low si lhouette targets .

The remaining questions asked the ob- All the observers rejected the shoulder-
se rver  to make desi gn suggest ions  and to held design as being too unstable for  the
ev aluate the de sign confi gurat ions taking into LASER Range Finder .
conside rat ion the j ob of the forward  observer  There were  many other comments  and
in combat.  The obse rve r s  were also asked suggest ions made by the observers .  For
to (-va luate the re t ic le  pat tern,  example, in evaluating the reticle pa t te rn ,

In general , the observers expressed en- none of the observers had any problems
thus iasm about using LASER for range find - using the reticle pat tern.
ing.  Several  obse rvers  stated that there has With re fe rence  to the power of the sight ,
a lways  been a need for  an accurate  range most  observers  preferred  a low power si ght
f indin g device for  a r t i l l e ry  and the LASER with a wide field of vision. However , be-
Range F inder  seems to satisf y that  need, cause the nature of the system requires  ex-
They fel t  that  the LASER could be used for  t reme accuracy and necess i ta tes  that the
in i t i a l  rang ing , f i r~ ad jus tmen t , and target  observer be able to see small objects in
area s u r v e y .  It would certainly increase  f ron t  of the target , several observers  sug-
f i r s t  round h i t  probabil i ty for  d i rec t  and in-  gested the use of an open sight for initial
d i r e c t  f i r e  weapons and therefore  increase target  acquisition and a hi gh powered sight
surpr i se  f i re  capabilities . However , the for final adjustment .
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SUMMAR Y include azimuth and vertical ang le in dica-
tors and leveling bubbles.

F rom the- r esu l t s  of th i s  inves t iga t ion , i t  Also , it was recommended that special
ca n d e f i n i t e l y be concluded that the t r i pod- a t tent ion be paid to the following i tem s in
mo unted con f i gurat ion is more  accurate than system development: li gh tness  of wei ght ,
the shoulder -he ld  and bi pod-mounted  con- s implici ty of operation and maintenance ,
fi gu ra t i ons  and that it is p re fe r r ed  by poten- safe ty ,  ruggedness , and portabil i ty.
tial opera tors .  In this project , the human eng inee r ing

Based on these f indings , the Human Fac- efforts  have proved wor thwhi le  in assur ing
to rs Eng inee r ing  B ranch recommended the an optimal sys tem and in min imiz ing  costly
tri pod-mounted confi gurat ion for  the LASER desi gn chan ges as the design program pro-
Range F inder .  A low t r i pod with hei ght ad- gressed . ‘ihe  personnel  working on this
j us trn ent so that it can be used in both the system , including the members  of the Artil-
knee ling and si t t ing posi t ions  was recom- lery Board , have expressed a great  deal of
mended as the most feasible  desi gn.  satisfaction with the human factors  eng i-

The Human Factors Eng inee r ing Branch neer ing  ef for t s , and the design eng ine e r s
also recom mended that the range f inder  in- have used the objective and subjective re-
cor porate other capabili t ies beyond range suits of this investigation as guides in their
f ind ing .  For one th ing ,  the desi gn sh ould desi g n deci sions ,
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2E. SOME STUDIES IN THE USE OF TELEVISION
AS AN AID TO HELICOPTER FLIGHT

Claude B. Elam

Bell lieheopter Company
Fort Worth 4 Texa s

Wi th the development of the low li ght orthi-  used at ni ght . The a i rc raf t  used was a 47G-Z
con te levis ion camera , there  has been some Bell Helicopter  with dual side-b y-side con—
interes t  in its application to aviation , espe- trols .
ciall y as an adjunct to the instruments com- Two pilots were at all t imes in the air-
monly used in nocturnal  operations . This is craft  during testing. One , which is des ig-
particularly true of the helicopter indus t ry  nated as the exper imenter  pilot , sat on the
whose product is perhaps most adversel y ri ght . His vis ion throug h the  wind sc r een
af fe ct ed by ni ght co nd itions. Unless  a hel i-  was unobst ructed . His role was to direct
copter can operate at low level , fl y between the experiment , operat~ the fli ght recorder
t rees  and finall y land at unprepared site s, it and to assume control of the a i r c ra f t  should
loses  much of its e f fect iveness , These  a r e , this become necessary  in the interest  of
of course , hazardous operations unless  the safet y. It should be stated , howeve r , that an
obsta cles a r e cle arl y seen , occasion did not arise when th is  was required .

Quite aside f rom the specific problems The second p ilot served as the subjec t .
part icular  to the low li ght television cam- Seated at the left wit h a hood drawn over his
eras such as smear ing ,  low contrast , etc ., hea d, he faced the 8-inch TV monitor. Under
there  are control problems associated with the hood beside the TV monitor there  was an
any TV system which  deserve  at tent ion . For absolute alt imeter, an airspeed indicator ,
example , i f the  necessary hel icopter  maneu- and a rotor RPM indicator . It was solely on
vers cannot be accomplished un de r the ideal the ba sis of t he se  d i splays that the subject
conditions of dayli ght , it is ques t ionable p ilot operated the a i rcraf t.
whe ther  the ni ght system should be consid- Two subject pilots we re used for each
er ed at all , since it is doubtfu l that the low of the maneuvers tes ted .  For all tes ts  an
li ght system would pa rallel t he excellen ce o f infli ght recorder was used , On this  machine
day li ght sys tem , absolute altitude and airspeed were continu-

Under  the Joint Army-Navy Ai rc ra f t  In- ousl y enreg is tered . There was also a time
strumentat ion Research  program (JANA IR), line indication and a provision for marking
Bell Helicopter was given the task of evalu- the tape as check points were passed .
ating TV as an aid to he l i copter fli ght. Both On the landing maneuvers, the subject
dayli ght and ni ght ti m e ope rat ion s we r e made , pilots were instructed to approach the desi g-
This  report concerns itself  pr imari ly with nated landing site from a specified direct ion
the day li ght studies . This is done because and at an altitude in excess  of 250 feet . They
we have a great deal more data on day li ght , were to beg in t he i r descent  be fo r e reachin g
A ctuall y it prove s most diff icult  to control a point 2 , 000 feet from the landing site .
for li ght ing conditions at ni ght due to the Regardless  of the i r  in itial al t i tude and
con t inual  ch an ge in the p hase of the moon , velocit y they  were required to maintain a
W h i l e  we have a certain amount of data oh- constant ang le of descent  and a constant rate
ta m ed at ni ght , it was collected in an unsys-  of deceleration. The landing site w a s  a
t t -ma t i c  f a sh ion . I wil l  conse qu en t ly r e fe r  to 5-foot square painted on the ground . Since
it onl y in a genera l  way in this  paper . I this  was general l y open ter ra in , there  were
should say, howeve r , that the situations ap— few other ident if y ing fea tures  to he seen .
p c-ar  (j j t c-  s i m ila r and w h i l e  subsequent re- Fourteen check point s were placed pa ral-
sea r ch  may show some ef fec t s  wh ich  are lel to the approach pathway. The re we re
spec i f i c  to the ni ght  condi t ions , there  is no flags of a size and re f l ec tan ce  that could not
r ( - .t--a ~n to su ppose tha t  the  day li ght data arc be easil y d is t inguished  on the TV monitor.
not app l icab l e  to the ni g ht si tuat ion , They could , however , be seen by the naked

Four  b a s i c  m a n e u v e r s  were  much the eye of the expe r imen te r  p ilot . The fi r st was
subject  o f i n v e s t i ga t ion . ‘r hc~se wer , -  land— 1820 feet  f rom the landing site . The last
ing,  t a k e o f f , hover ing  and low al t i tude cross- was at the l and ing  S i t i - . The twelve remain-
co u n t r y  f l i g h t s . T h e  equi pment was ident ical  ing were distr ibuted at such separat ions tha t
for  th e  d t y  and ni g ht tes t ing  except  tha a the period of passage would be constant pro-
Dage Vi dec on  TV ca , ,u - r a  producing a 22 x 28 viding a constant rat(- of decelera t ion  we re
d c- g r c -e  in i ig - was used in the f i r s t  instance maintained.  As the a i r c ra f t  flew over the
and a G. I . I IT C - l  Image Orthicon camera checkpoints , the exper imenter  pilot would
wh ich produced a ~0 x 40 degree image was momentar i l y depr ess  a swit ch , This  served
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to m a r k  the t i me  of passage on the  tape . It camera was f i x e d  to look s t r a ig ht a l un g  the
e l s o  caused e l i g ht mounted  on t h e  lowe r horizontal axis of the - a i rcraf t . On o t h e r
f u se l a ge of t h e  ai r c r a f t  to j l l c e r e , i n a t e - . Th i s  t r ia ls  th is  ang le could be altered at t he  d i s —
li g ht  could  be seen  by a ground obse rver  who cre -t ion  of the subject  p ilot . A sl ewing  switch
op c-ra te r l  a ~5nen i  c a n c e r., at a poin t 75 feet  was located on the control  s t ick w h i c h  con—
beyond the -  landing s i t e - . Each  t i e , , ,  the li g h t t roh led  t he  ang le of the camera up or down
was  i l lu m i n a t e d  a j e i c t u r e -  was  t aken . These  t h r o ug h a 40-degree  ar c . In order  to pre-
; e i i e c t e e g r a p be s w e re  used  in a t r i g o n o met r i c - al veti t a loss  of o r i e n ta t ion , a h o r i z o n t a l  r e f —
anal ys i s  to det e r m i n e  the  e r r o r  of l a tera l  ( - r e - n c , -  l i n e  was made to appear on the  face
d i splacement  of t h e  a i r c r a f t  f r o m  t h e e -  d e - s e g —  of t I n -  scope . T h i s  line moved up the scope
nated approach pa t h . as the camera was pointed downward and

The la yout is seen in Fi gu re 1 . N o t i c e -  down the  scope w h e n  the d i r e ct ion of mot ion
the  d i s t ance  of the che ck points wi th  r e f e r —  was r ever s e d .

L ence  to t h e  s c a l e  p r u v e d e d  on t he  r i g h t .  Oh— C o n s i der i ng  now th e-  r e s u l t s  in Fi g u r e -  3 ,
serve also t h e -  pos i t ion  of the  g round  ob— I hav e-  a t t e mp t e d  to show typ i c a l  a l t i t u d , -
se rver ’ s came ra , control  p a t t e r n s  for  VFR and TV . A c t u a l l y

t h e e -  se are t yp ical onl y in th e -  s e - n  se  t b t a t  t h e y
show t he e  ge n e r a l  t r e n d . T h e - s e -  t r e nds  have
b e e n  somewhat  m ag n i f ied  for pu rposes  of
i l l ust r a t i o n . Not i c e -  t h a t  for VFR the p ilot
t e n d s  tu c - l i e - c t  t h ’ - g re a t e st r a t e  of change  at
the  i n i t i a t i o n  and t er m i n a t i o n  of t h u  m a n eu —

- ver . On TV he t ends  toware an e ar l y de-
s c e n t  and “ f e e l s  h i s  way down for  t he  re-
111~~L In i n g  di  st i n c e .

. 2 A word is r eq u i red  on the method by
we w h i c h  t h e -  t ap (-s were  evaluated.  Since the

- c - s pilot was in s t ruc ted  to de s c e n d  at a c w e st a nt
a ng le and d e c e l e r a t i o n , it was nece ssary  to

~~~ 20 NG C C I r e d e t e r m ine- h is  corre ct ang le of d c - s c e nt and
. 4 ie ee  ~ ve t  ne - e t y at c - a c h e  c h e ck point.  The  error  at

any c h e ck point was ca lcu la ted  by proje c t i ng
• we the- c o r r e ct f u n c t i o n  f r o m  the  p r e v i o u s  c h e c k —

point , S ince-  no s t a n d a r d s  were  ava i lab le -  for
6 we an e v a l u a t i o n  of t h e e -  f ir s t  che ck point , it is

coo not i n c lu d e d  in t h e e -  anal ys i s .
Fi g u r e -  4 o f f e rs a c o mp a ri s o n  of t he  e r —

• rors  ob ta ined  on VFR and TV f o r  a l t i t u d e ,
. a i r spe ed and la tera l  d e v i a t i o n .  T h e r e is

• - 
some super io r i t y  in VFR for a l t i tude  and yet
more for  veloci t y con t ro l . T h e e -  f i r s t  is si g—

~~~~~~~~~ • : ni f i can t  at the-  5 per  i - n t  l evel  of conf idence
and t h e -  se cond at 1 pe r cen t . The  d i f f e rence

5~~OUNO OBS e R V I R S  - - -
- c~.eo, o in l a t e ral  e r ro r  is not s i g n i f i c a n t . Despite

th e - s e -  d i f f e r e n c es , t he- TV l and ings  were -  gen-
erall y good . In d e e d , it would o f t en  have be-en
d i f f i c c e t t  f u r  a g round  oh s , -  r ver  to detect  a
d i f f e  r e - n c  e- b e t w e e n  t h e e -  two -o n d i t i o n s .  One

Fi gure 1 r eserva t ion  must  be e xp ressed , however ,
T he data p r e se n t ed  h e r e -  we - re  all taken wi th

The des i gn of the st ud y for  the landing t h e -  f l i ght path into the  wind . A c r o s s - w i n d
maneuver  is shown in Fi gure 2 . Each sub- of as m c c c l i  as 5 mp h was hig hl y d i s rup t ive
j ect landed four  t i m e s  VFR and f ive t i m e - s  to the TV condition.
u n d  e r t h e -  separate condition of th e-  TV Turn ing  now to a considerat ion of the
s y s t e m . independen t  var iab les  for a l t i t ude -  cont ro l ,

Two independent  var iab les  w e-re  e x e -r -  the d i f f er e n c e s  between the  up and down
cised dur ing the e - o u r se -  of the exper iment , camera positions and th e  five t r ia ls  were  not
The- first related to the position of the TV si gn i f ican t . Fi gure 5, howeve r , shows a dif-
c a m e r a , On some of the landings it was ference  b e t w e e n  checkpo int s, mobi l i t y of the
mounted on the a i rc raf t  looking forward at camera and the interaction of these  e f fec ts .
the  p i lot ’ s e y e -  l evel . On othe r landings  it An analy sis  of variance has shown each of
was pos i t ioned  below th e -  f u s e l ag e  on t h e  these  t h r ee  soeer c e s  of variance to be si g-
land i n g skid . T h e - s e -  posi t ions  ar e desi gnated nif icant at the 5 percent  level of conf idence.
as up and down i re  the exper imental  desi gn . A similar situation is encountered for ye-

The se cond variable’ also involved two locity control. Ne i the r  camera positions
conditions , On se,rr ee of the l andings the nor t r i a l s  are si gnificant but check point ,

51

‘ - ~~e 34~~ 4F~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- 

~~ ~~~ 
., -- - -



EXPERIMENTAL DESIGN

Dependent Var iables
Viewing Camera Camera Tr ials Per

Maneuver Condition Position Movement Subject A lt. A .S. Heading F/A L/R

Landing VFR 4 x x x
TV Up Mobile 5 x x x
TV Up Immobile 5 x x x
TV Down Mobile 5 x
TV Down Immobile 5 x ~c x

— Takeoff VFR 1 x x
TV Up Mobile 1 x x
TV Up Immobile 1 x x x
TV Down Mobile 1 x x x
TV Down Immobile 1 x x S

1 x S X XHovering
TV Up Mobile 2 x x x x
TV Up Immobile 2 x x x x
TV Down Mobile 2 mc x x x
TV Down Immobile 2 x mc x mc

Cross —Country VFR 1 mc
TV Up Mobile 2 mc mc

Figure 2

__ — SPECIFIED FLIGHT PATH

VFR FLIGHT PATH

A : 0 0  T.V . FLIGHT PATH
L
T

I
U 

~~~4b0
E

TARGET
D~ST ANC E

Figure 3

movement and their int eraction are . This away from the landing site rather  than to-
can be appreciated from Figure 6. ward it. Again , altitude and airspeed were

There  were no di f ferences  of statistical recorded and notation was made as the check-
si gnificance in lateral error. It can be said points were passed. The subject pilots were
that in all cases the control of lateral dis- instructed to ascend at a constant ang le and
placers -tent was extremely good . rate or acceleration.

The procedure and evaluation of the As evaluated by an analysis of variance,
takeoff maneuver was similar to that used none of the differences were significant. The
for the landing except that the aircraft flew results are shown on Figure 7. VFR is
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somewhat bet ter  than the TV si tuat ions but
the va riables of posi t ion and camera  mobil-

I ity are without  d i f fe ren t ia t ing  e f f ec t i venes s .
The hovering maneuver  presented some

• diff icul ty  in measurement. In this stage al-
ti tude , heading and spatial t ransla t ion are of

: ~ 
cardinal i n t e re s t .  The subject pilots were

• — 
instructed to hover over a fixed poi n t and a t

V a constant  heading and altitude (15  feet) .
u — The trials were  of a two-minu te  in t e rva l  and

eo the independent variables were  again camera
position and camera mobili ty.  A l t i t ude was
evaluated by mean s of the inf li ght r eco rde r .

L In order to measure fo r e - a f t  and l e f t - r i ght
translation as well as heading ,  it was  ne ces-
sary to pla ce a camera at the hover ing  point .
This  camera  pointed upward toward  the a i r -

— — ____________ c ra f t , and pho tographs were  a u t o m a t i c a l l y
AL?e TUOj v i tOcetY L A I C I A L  taken at the rate  of one per second. Alti-

Oes p ea Ctu€M T tude , head ing  and lateral  control  u s ing  TV
were comparable to VFR , There  was some

~ CCSUM M(NT di f f i cu l ty  in fore  and a f t  d i spl a c e m e n t  con-
Law oepec t rol .  This  i s shown in Fi gu re 8. Shown

Fi gure 4. M e a s u r e m e n t  landing . here  os the ave rage  e r ro r  for  both v i e w i n g
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condi t ions . Observe  that while the la teral
12 er ror  is approximately equal for the two

cond i t ions , the fore  and aft e r ro r  is much
— V F R  g rea te r  u s ing TV . With res pect to the cam-

— 
e ra mobi l i ty ,  the mobile condi t ion was some-  -

10 what  su pe r io r in f or e and af t er r o r s to the

9 
un mobile condi t ion  bu t not si gni f i can t l y so .
The variable of camera posi t ion did not  af-

A fect  the scores .
Two types of c r o s s - c o u n t r y  maneuve r s

7 were evaluated us ing the TV sys tem.  In both
a dog leg course  was specified. The subject

6 pilot  was r equi r ed to f ly a specified bear ing,
S pick up a check point  and continue to a sec-

ond checkpoint. For this purpose two of
U these courses  were  laid out. One pilot  flew

the f i r s t  under ins t ruct ions  to main ta in  a
r constant altitud e and a variable speed. He
S then fl ew th e second cour se with a va r i ab le

2 altitude and a constant  speed. The other
subject pilot f lew the second course main-
tam ing a cons tan t  altitude and variable speed
and the f i r s t  course with a l t i tude variable

A LT IT UOC v(LocITy 
— 

and speed cons tan t .  For these e x e r c i s e s ,
the camera was a lways mounted at eye level

MCASUSEMLNT and camera mobil i ty was permit ted . In all
cases the navi gation problem was successful .

Fi gure  7. M e a s u r e m e n t  takeofL The pi lo ts  f oun d thei r ch eck poi n ts w i thou t
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-As stated ear l ier , the data descr ibed
e: 

~~ -~J L -~~~~~~~ here were  collected in day li ght. The ni ght
4 i i C • I 0 0 3 6 • • time data are  much more f r a g m e n t a r y  due

1106C C to the diff icul ty in li ght control .  In g - ral ,
lIST however , the nig ht da ta , which a re stiL leing

evaluated , a re s imi la r  to th e da yli ght meas-
u rement s .

Fi gure 8. Concluding, it ca n be ~said that  the u se
of TV as an aid to helicopter flight appears
to be a feasible  development.  Some degra-

diff icul ty .  Al t i tude  con t r o l us ing TV suf fe r s  dat ion as compared to day li ght VFR is no-
in contrast to VFR while speed control does ticeable but there is a definite enhancement
no t. This is seen in Fi gure 9. Speed con - as compared to ni ght time VFR , Some fur-
trol is , however , more variable for TV than ther stud y is required on the display of other
VFR when it is required that altitude remain fli ght information which c a n  be advanta-
constant.  geousl y used in concert  with the TV system.
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CHAPTER 3
THE SOLDIER’S PERFORMANCE IN A

STRESSFUL ENVIRONMENT

Chairman: John L. Kobrick
Eng ineerin g Psychology La boratories

L 1 .S. Army N atick Laboratories
Natick , Massachusetts

A . THE EFFECT OF PRIOR HEAT ACCLIMATIZATION UPON WORK PERFORMANCE IN A
HOT CLIMATE: Rober t  J. T. Joy, Maj or , MC , U , S. Army Research  Insti tute of Environ-
me ntal Medicine , Nati ck , Massachuset ts

B . ACCLIMATIZATION TO HEAT:  J , M . Adam , Lieutenant Colonel , Royal Army Medical
Corps , London , Eng land

C . GUNNER STABILITY IN A FIRING ENVIRONMENT: Robert  T. Gschwind , U. S. Army
Human Engineering Laboratories , Aberdeen Proving Ground , Mary land

D, FIRING SHOCK EFFECT ON GUNNERS IN A LIGHTWEIGHT ARMORED VEHICLE:
Francis  M. McIntyre  and John Waug h , U . S. Army Human Engineering Laboratories ,
Aberdeen Proving Ground , Mary land
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3A. THE EFFECT OF PRIOR HEAT ACCLIMATIZATION
UPON WORK PERFORMANCE IN A HOT CLIMATE~

Robert J. T. Jo5 . Maj or. MC

L ’ .S. Arm y Research Institute of Environmental Medicine
N at ie k.  Ma ssa chu sett s

Most  previous r e sea r ch  on human  acc l ima-  ne xt th ree  days .  On l c s t  Day 1 , the pl a toon
tj za t ion  to heat has  been devoted  te ,  stud ying marched as a unit  over  an 1 1 - m i l e -  t r a i l , at
the phy siolog ic even t s  occ u r r i n g  w i t h i n  the a ra te  of 4 mp h. T h e r e  we re no hea t  c a sua l -
men.  It has been empi r ica l ly observed  that t i e - s  i n the h o t  Group and 25 pe rcen t  c a s u a l -
acc l imat iza t ion  inc reases  the e f f i c i e n c y  of ties in the Cool Group.  On Test  Day 2 , the
wo r k in the hea t , hut this has not been well s u b j e c t s  rou te -marched  a 1 7 - m i l e  t r a i l ,
quant i ta ted fo r  m i l i t a ry  t a sks .  The usefu l -  compe t ingas  individuals  aga ins t  t ime .  A gain ,
ness of p reacc l imat izat ion  for  so ld i e r s  sud - the - Hot Group had no heat casualt ie s , ~c s
denl y injected in to  a hot  c l ima te  has been cont ras ted  with 21 percent  heat  casual t ies  in
incompletel y s tudied . e l t h o u g h of obvious  the Cool Group.  Twelve of the f i r s t  twen ty ,
m i l i t a r y im por tance .  One 40 -man  platoon of and ei ght of the f i r st ten men to complete th e
the 503rd Abn . Ba t t l1 - G roup ,  t~~nd Abn .  Div .  hike were f r o m  the Hot Group. On Test Day
was studied ~e t U S  A M R L , Fort  Knox , in 3 , a load- moving task was performed , pass -
January-February 1961. O nc- - h a l f of the ing 40-pound water cans hand to hand , the
platoon was  g rad ual ly heat  ac cl im-e t ized  to two groups  competing as t eams  (Table 1).
success ive  te m p e r a t u r e s  of 105° , 110 ° • 115° At the end of the th ree  30-minute  tes t  period s ,
and 120°F Dry Bulb , with Wet  Bulb t e m p e r -  the Hot Group had moved 777 pounds /man
atures  e e f  90°F , by 14-mi le  marche s in a more than the Cool Group ,  for a total d iff e r -
heat  chambe r (Hot Group) . The other half  of ence of 6 tons . The conclusions drawn f r o m
the platoon marched the same dail y d i s ta nce  this stud y a re that men who are preacclima-
in a cli mate ch mber at 65°F (Cool Group) . t ized to heat , when suddenly ex posed to a hot
I l i -at  s t r e s s  tes t s  demons t r a t ed  the presence  cl imate can m a r c h  f a s t e r , ca n com ple te a
of a t r u e  heat  acclimati z atio n in  the Hot lon ger m a r c h , ca n do more load-moving and
Group.  On 22 Feb rua ry ,  the platoon was have f ewer  heat  casual t ies  than nonacclima-
a i r - l anded  in Panama , and tested dur ing the tized men.

Table 1. Values  for  Average  Wei ght Moved by the Two Groups  in Each
of the Three Trial  Periods (Tes t  Day 3).

Group F i r s t  30 Minutes  Second 30 Minute s Third 30 Minute s

Acc l imat ized  920 1110 1130

Nonaccl imat iz ed - 770 900 720

(pounds/man/ 30  m m .  period)

‘Thc~ e ..nept,-~ .- p,
~’.-r .,I e~ I e e r h  ,hi-~ is eec ehst ~ ee~ . Is publ i -c le ,-c I in MIl ITARY NI-I)I( INI- - I2 9 :5 t - ’e~ . I%4.
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3B. ACCLIMATIZATION TO HEAT
J . M. Adam , L ieutenant (~olon eI, RAMC

Nat ional Insti tute for Medical Research
London , Eng land

The requ i rement  for acclimatization of t roops bod y while adapting or acclimatizing to heat
t o h eat is oft en ove r loo ked in the soldier ’s and the end resul ts  which are demonstrable
normal t ra in ing  and for  his  wel fa re .  The phy siolog ically are:
acclimatization of troops to heat is not new . ( 1)  There is a great  increase, i n the
I t can be t r aced back to Cy rus  who , some amount  of sweat produced .
y e a r s  pr ior  to 530 B .C ., was r eo rgan iz ing  (2)  There is an earlier onset of sweat-
the a rmy  of the Medes and Persians . He ing.
commanded that his  men be taken out into (3) The sweat is more dilute , especiall y
the dese rt dai ly to work unti l  they sweated, in its salt content.

Figure 1 shows an outline of the routes (4) The pulse rate does not rise as hi gh
by which the body gains heat from its exter- as it did fo rmer ly (i. e ., when doing
na l envi ronment  and f r o m  i t s  internal me- the same work in the unacclimatized
tabolism , and the routes  by which the body state).
can lose heat in order  to p r e se rve  a temper-  (5) The bod y temperature does not r ise
ature equi l ibr ium. The human bod y has a as high as it did fo rmer ly. The
very narrow temperature range ,about 2/3’C change going on in the human body
on ei ther  side of normal i ty ,  and if the bod y ’s dur ing acclimatization to heat , and
temperature stays outside of this range for producing numbers  1-4 in the list ,
any length of time , there is likely to be seri-  mi ght be said to be directed towards
ous illness ,lasting damage to tissue , or even enhancing evaporation of sweat at
death. The changes occurring in the human the surface of the skin and in this

0

met.

Hea t Loss 1 Heat Gain

radiat ion ~ 
/ A co~ metabolism ‘met:

c onduc t ion ‘c: ‘\/ / \ radiation ‘
~~~:

convect ion co: 7 / \ ~ reflected rad iat ion ’r .r.~
evaporat ion ev: / / \ \ conduction ‘c:

\ \ con v ect ion c~

4

Figure 1. A schematic representation of the routes by which the human body
ga i n s  and loses heat.
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way cooling the body down and thus second or field phase of Exercise Vortex
giving the r e su l t  set out in number  5. s tar ted in e a r n e s t  and continued for  11 days.
An addition el r e su l t  touching on the The t e r r a i n  included sand , rocks of volcanic
psycholog ical was that  as adaptation ori gin , and various hilly f ea tu r e s .  It is im-
progressed  so the d i scomfor t  di-  por tant  to know the envi ronment  in the im-
minished .  mediate vicinity of the t roops  and at their

The expe r imen t  outlined (see Fi gure 1) level. Also , it is not possible to plan troop
ar e in en vir on ments  in whi ch the on ly avenue  movements  a n d  log i s t i cs  u s i n g  publi shed
lef t f or the bod y to lose heat  is by the evap- meteorolog ical data. Experience has  shown
orat ion of sweat,  that bi g d i f fe rences  can exis t  between the

A ser ies  of expe r imen t s  was conducted climate in the v ic in i ty  of t roops and that re-
by the Divis ion of Human Ph ys io logy ,  under corded at the nea res t  meteoro log ical station.
the ausp ices of the A r m y  Personnel  R e s e a r c h  On one occasion the d i f f e r e n c e  was 22 ° F on
Commit tee  of the Medical Research  Council the d ry  bulb be tween t roops  and the nea res t
in Br i ta in .  The f i r s t  of these , in 1959, was meteorolog ical s ta t ion , 45 miles d i s t an t .
a laboratory study in which a group of men
who had been acclimatized artificially were The 3 platoons w e r e  re f o r m e d  on a r r i v al

in Ade n so that  eac h co n t a i n e d  one sect ion ofshown to be super io~’ phy siolog ically to an-
unaccli m at i zed , one section of a r t i f i c i a l lyother group of men who were  unaccl imat ized , 
acclimat ized , and one of na tura l ly acclima -when both were  tested in a s imula ted  jung le tized men,  On the f i r s t  day in Aden , the psy-env i ronmen t .  Encouraged by this  resu l t , i t  cholog is t  continued to app ly his t e s t s  to thewas dec ided to t es t  the h yp o thes i s  in th e

field , men , and they simulated the loading and un-
loading of t roop ca r r i e r s  by ca r ry in g wa terIn 1960 , Exe r cise Vor tex  was fielded , -

and lasted a total of six mon ths .  This stud y j e r r ic a n s ( 4- 1/ Z  Imperial  Gallons - 45 lb)for
a distance of 200 yards , 20 j e r r i c an - loadsincluded both labora tory  and field work ,  The

obse rv e r s  we r e r ec ru i ted on an int e rna t iona l  per man .
basis , including Ca pt ain David M ina rd , M ,C., The t roops the n d ug slit  t r enches  as if
U .S.N .. Major Ral ph Singer , M .C ., U .S.A ., the y we r e digg ing themselves  in , to complete
Sur g e o n - L t . C d r . D . J .Kidd , R ,C .N ., Surgeon-  the f i r s t  day ’ s program . The f i r s t  day ’ s
Lt. Cdr.  M . S. Malhot ra , Indian Navy, Dr.  routine was repeated on the 11th or last  day.
R. K. Macpherson f rom Austral ia , and rep- On the in tervening days the t roops  marched
resentative s of the medical services of the over the deser t ;  dug de fensive pos i t ions ;  took
Royal Navy, the Parachute Reg iment , and part in a deser t  convoy of some 68 mi les ,
the Army. including repelling an ambush;  climbing the

In this experiment, the 60 subjects were volcanic hills in the neighbourhood of Little
tested in the first Uniformity Test in March, Aden; conducted terrorist searches , et c.
1960 in the climatic chamber a t l O4 ° F (40°C) The pulse rate and t empera ture  of the men
dry bulb , 89°F (31,67° C) wet bulb , and 50 f t /  were measured at approximately ho u rl y in-
mm air movement,  Their work was to step tervals. The troops were jud ged accord ing
on and off a 12-inch stool twelve times per to purely mil i tary cr i ter ia  by three experi-
minute for 30 minutes , followed by a res t , enced off icers .  The water  intake , u r i n a r y
sitting for  30 minutes , and so on for a total output and calorie intake were  measured ,
of 4 hours for each subject. The W .B .G .T . Fi gure 2 shows the resu l t s  of bod y t e r n -
Heat Stress Index was jus t  in excess of 93° perature and pulse rate m e a s u r e m e n t s  taken
which will indicate that the climate was a on the 2nd and on the l0 t h ( s e c o n d- l as t)  days .
fair l y severe one. The 54 subjects who got Although no diff er ence is shown between the
through or survived more than half of this 3 groups in te rms of mean pulse i n c r e m e n t ,
Uniformity  Test were  then arranged into 3 they were certainly se parated in te rms  of
platoons of 18 men each on the basis of their bod y tempera ture  increment , par t icular ly in
physiological reactions to the test so that Day 2. The deser t  marches , i t  can be seen ,
each platoon had appr oxi mat ely equal sweat-  produced the g rea tes t  inf luence on the tem-
ing power , equal response in pulse rate and peratures , with the unacclimatized group the
body tempera ture  and equality of surface hi ghest , the artificially acc l imat ized  group
area. Thereafter , one platoon was sent - to in an in termediate  posi t ion , and the n a t u r a l l y
Aden for 7 weeks to be acclimatized natu- acclimatized the least a ff e c ted , with the
rally. The second platoon was sent to the lowest temperature. By the 10th day, the
North of Scotland to keep cool and to act as s t renuous exer t ions  of the in te rven ing  days
controls. The third platoon was artificially resulted in adaptation , and the differences
acclimatized in the cii ma tic chamber in between the groups virtually ceased to exist.
Hampstead. London, for one month. Water discipline in a hot climate does

On 31 May, 1960 all the t roops were  put not mean water r e s t r i c t ions .  Fi gure 3 shows
through the second Uni fo rmi ty  Tes t , at the the mean water intakes  of the 3 groups  dur-
end of which (i.e.,  the same evening) troops ing the desert operation part of this experi-
and o b s e r v e r s  flew tc Aden , at the southern ment,  There was a sharp increase of water
tip of the Arabian Peninsula, and then the intake after the f i r s t  3 days , which ind ica tes
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Fi gure 2. The effects  of d i f ferent  activities on the body tempera ture  and pulse
rate of the 3 platoons on the 2nd and 10th days. The Mean Increment  of each
va r iable is the amoun t by whi ch it was raised abo ve th e Mean Resting Va lue of
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Figure 3. The Mean Daily Fluid Intake of each of the 3 platoons on each day
of Exercise Vortex in Aden.
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t hat d u r i n g  this  in i t i a l  period o f f i c e r s  mu st  Test  shows tha t  the d i f f t - r e n c e - s  b e t w e e n  t h e -
i n s i s t  that  t h e i r  men d r ink  past the point of 3 g roups  are  v er y  m u c h  s m a l l e r  ami d not
sa t i a t ion  of t h i r s t . Available e v i d e n c e  at t h e -  s ig n i f i c a n t .
p r e s e n t  day indicates th at if a mo an is in ex- The inv&-s t ~gat ion of t h e -  Qecay o the  ac-
p er i & -n c e d  in the m a t t e r o f  w a ter  requi rc i rn-ot  cl imat izat ion  s ta te  i i i  these  men fo i iaw ed .
in th1. heat he will only rep lenish  his  s y s t em  The U n i f o r m i t y  Tes t s  were  held at we e kl y
to the  ex ten t  of 75% at best .  It is in t h -  f i r s t  i n t e r v a l s  but any  one m a n  was  exposed onl y
3 days of a t r o p ical camp ai gn that  troops a re  once in 3 we eks because  the  v e r y  act of t e s t -
most  l ikel y to be at r i sk  f r o n t  the enemy  and ing the man in the heat inc reases  his accit-
t hey a r t ’  m ost  l ikel y to be at r i s k  f rom the n i a t iza t ion s ta tus  slightl y. The decay  phase
e n v i r o n m e n t. A n adequate intake of w at e r  at of the  exper iment  f in i shed  a f t e r  9 weeks  of
t h i s  t ime  is one of the most  important  safe-  these  t e s t s , wh en the sweat  loss of the  g r o u p s
g u a r d s  which can be e n s u r e d  by o f f i c e rs ,  had fallen almost to the level of the  unaccl i -
The w a t e r  i n t a k e s  fo r  the 4th day showed ma t i zed  g roup  immedia te ly prio r to t h e i r
th i s  day to be a pa r t i cu la r ly tou gh one with depar tu re  to Aden. In th is  fi gu re  it will be
the  hi g hes t  in take by one man at 27 p ints. noticed that the unacclimatized groups ’ sweat

U N A C C L I M A T I Z E D

—— NATURALLY ACCLIMATIZED

— A R T I F I C I A L L Y  A C C L I M A T I Z E D

A R T I F I CIAL A D E N  DECAY OF
A C C L I M A T I Z A T I O N  A C C L I M A T I Z A T I O N

Figure  4. The Mean Sweat Losses in l i t res  per square  me t re
of body surface of the 3 platoons in the Uni fo rmi ty  Tests.

The whole of the six months experiment output increased from the f i r s t  to the second
was described ( see  Fi gure  4) in t e rms  of Uni formi t y Test , althoug h they had bee n kept
sweat loss of the 3 groups of men. The in Scotland without any exposure to heat %
gra ph s of each g roup  commenced at the com- from March until  the end of May,  1960. When
mon point at the left in Fi gure 4 because the these men re turned to the laboratory for the
3 groups w e re  matched (as has already been second time for tes t ing  the only d i f f e r e n c e
descr ibe d) by the resu l t s  of the f i rst  lJni- noticeable in them was that they were  ve ry
f o r m i ty  Test  held at this t ime . The solid much f i t t e r  physically than when they had
line shows the progress  of the group which gone away. The relat ionship of physical fit-
was a r t i f i c ia l l y acclimatized, commencing ness to acclimatization to heat is receiving
fr om i ts  secon d point which was similar to more  attention but until there  are adequate
the f i r s t  and r i s ing  sharply to the thi rd point tes t s  of physical f i tness  and mi l i ta ry  per-
as the  result  of one month ’s art if icial  accli- formance it is not possi ble t o decide the
mat iza t ion  by a dail y exposure  of four  hours exact nature  of this relat ionship. In the
in the climatic chamber.  The naturally ac- present  state of our knowledge , t he re fo re , it
climatized group were somewhat lowe r and is emphasized that troops likely to be exposed
the unacclimatized were  very  much lower in in this way to heat and made to work hard on
the same Uniformi t y Test , The th ree  groups , a r r ival  in the heat are likely to have less
plus the observers , then flew the same eve- casualties if they are very  fit . The use of
fling to Aden , accompl ished  the program the word ‘fitness ’ implies ability to march ,
previously described and re tu rned  to the cl imb , shoot , use radio , compasses , weapons ,
U.K. for the third Uniformity  Test. This etc.
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A fur ther  series of experiments was REFERENCES
carried out in the climatic chambers of the
Division of Human Physiology, Hampstead , Edholm , O. C., Adam , J. M., Cannon , P.,
London, by Dr. R. H. Fox. In these experi- Fox,R. H.,Goldsm ith,R.,Shepherd,R. D.and
ments the active participation of the subject Underwood, C. R. (1962). A.P.R.C. Project
in acclimatizing to heat has been eliminated P. 21 Acclimatization to heat. A.P.R .C. 6 1/ 2 5 .
and his adaptations are induced pa ss ive ly. Fox , R. H., Goldsmith , R., Kidd , D. J.
These are called Sauna and Suit trials and and Lewis , H. E. ( 1963a) .  Acclimatization to
have been reported by Fox, Goldsmith , Kidd heat in man by controlled elevation of body
and Lewis ( 1963a and b). In par t icular  the temperature .  J. Ph ysipl. ~~~~~~ , 530.
findings of Fox , Goldsmith , Hampton and Fox , R. H., Goldsmith , R., Kidd , D. 3.

C Wilkinson (1963)  were  relevant  to this pres-  and Lewis , H. E. (1963b). Blood flow and
ent conference in that subjects who were other  the rmoregula to ry  changes with accli-
hea t - s t ressed  were found to have enhanced matizat ion to heat . J. Physiol. ~~~~~~~, 548 .
vi g ilance accompanied by a significant im- Fox , R. H., Goldsmith , R., Hampton ,
pairment  of speed and accuracy in mathe- I. F. C. and Wilkinson , R. T. (1963). . The
matics .  These findings are of importance in e f fec ts  of a raised body tempera ture  on the
certain Service s i tuat ions , such as gunnery,  performance of mental tasks . 3. Ph ysiol .
radar and navigation . 167 , 22P.

64

‘
~ 
-

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
- ‘:

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



3C. GUNNER STABILITY IN A FIRING ENVIRONMENT

Ho beri ‘F. Gsehwind

U.S. Army h uman Engineering La krat or i es
A berdeen Provin g Ground.  Mary land

INTRODUCTION Althoug h con s i d e r a t i o n  ~s g iven to al l o f
these  h a z a r d s , the wind- loading  is uni que in

I n f a n t r y  weapon sys t em s are cha rac ter i z ed  tha t  it cannot be p r o t e c t e d  against .  If a
by a hi g h de pendency on the ind iv idua l . In shield is a t tached to the we apon to keep the
t h -  ca se  of a shoul d e r - f i r e d  rocket , the wind of f the man , t h e - n  the impu l se  is t rans-
human e lement  degrades  sys tem pe r f o r m -  f e r r e d  t h r o u g h the s h i e l d - w e apon combinat ion
anc e -  by i n t roduc ing an aiming er r or , New into the man.  It i s  b e - c a u u s e  of this  pheno mena
develo pmental e f f o r t s , based on ma te r i e l that impu l s ive  w im i d - l o a d i n g  beco m es the
considerat ions of s y s t e m  pe r fo rmance , can- l i m i t i n g  fac tor  of a l o n g - b u r n i n g  rocket  when
not overlook the possible in terac t ion  with f i red  f rom the  shou lde r .
the magni t ude of th i s  aiming e r r o r .  The- backwash f e o m  an a c c e l e r a t i ng

One appr oach to i n c r e a s e d  pe r fo rmance  rocket  is a n e c e s s a r y  evi l  upon which the
r e - l i e - s  on a long -bu rn ing  rocket  wi th  subse-  pr inc i ple of the reac t ion  motor  works . The
quen t  hi gh velo cit y. The human factors  con- ex t remely hi g h ve lo c i t y  on the axis of the
s idera t ions associa ted  with fi r ing a long- jet  t r a n s f e r s  its k ine t i c  e n e rg y  th roug h ex-
burning rocket  f rom a shoulder-held  tube pansion and turbulen t  mixing in radial direc-
are  p r i m a r ily with the rocket  exhaus t  corn- tion. Althoug h the wind velocit y dro ps ra p idl y
ing ba ck on the gunner  a f t e r  the rocket  has as it moves away f r o m  the ax is , it still  can
le ft the tube. This is a problem which , in pr oduce si gn i f ica nt loads. Of n e c e s s i t y,
t i n ’  past , has been c i rcumvented  by havi ng these loads will increase  as both the wei ght
the rocket  motor burn  out before leaving the and t h r u s t  level of the rocket  are increased,
tube.  Th e-se  weapons include the 3, 5 inch It is possible to measure  the wind-
rocket  launcher  (Bazooka) and , mo re re- loading (d ynamic p r e s s u r e )  associated wi th
centl y, the M - 72  (LAW).  The re qu i rement  rockets  as a function of the i r  t h r u s t  and
for  bu rnin g ou t in the tube  h as been based on wei g ht. It is also possible to de te rmui  the
bad exper iences  with other  weapons which ph ysical  and pe r t inen t  psycholog ical e f f e c t s
had poor -burn ing  propellants.  The rocket  of wind-loading on a man. There fo re , it is
discha rge contained hi gh ve loc it y, unbu rned po s s i ble to conclude t he maximum p rac t ical
propellant , t h e r e by requir ing a face shield combination of rocket  pa ramete r s  to be con-
and so met imes  protect ive clothing. It was s ide red  for  shoulde r f i r ing.
found that  gu nn e r s  we r e r elu ctant  to f i r e
these  wea pons because of the poss ib i l i ty  of
personal  i n ju ry  f rom exhaus t  pa r t i c l e s. FIRING PROGRAM

A ssu m in g th at rocket  mo to r  developme nt
can e l i m in ate the  pa r t i c l e  haza r d , then the The f i r s t  task was to establish a generaliza-
othe r pro blem areas deserve  cons idera t ion  tion for wind-loading as a funct ion  of basic
before  a long-burn ing  rocket becomes prac-  rocket  parameters .  A search  of availabh-
tica l. A l ist  of these  hazards  as they are in fo rma t ion  in l i t e r a tu re  and a su rvey  of cx-
presen t l y in t e rp re t ed  includes:  pe rts  in the field provided l i t t le  quant i ta t ive

a. Secondary par t ic les , su ch as sto nes , in format ion  on which to base a generaliza-
g r a v e l , and sand picked up by the rocket  cx- tion . A program of dynamic rocke t f i r i ngs
haus t  an d thrown back at the gunner .  wi th  suitable ins t rumenta t ion  had to be con-

b. Hi gh t empera tu re  hazards , both con- ducted to provide t h e s e  data .
d u c t i v e  and radiant , as they af fec t  the gun-  The scope of this  program was main-
ner ’ s sk i n , clothing, and eyes i ght ( r e t ina l  ta m ed at a reasonable level by assuming
burns ) ,  cer ta in  pa ramete r s  to be constant,

c. Sound-pres  sure  level created by the a. All rockets will burn  wi th  an e ffe c-
rocket  discharge af fec t ing  hum an hea r ing .  t ive l y constant t h r u s t  for  at least  100 feet

d. Peak ove rpre ssu re  (blast)  in te rms down range. Any e f f e c t  of rocket t h r u s t  on
of ear damage.  tha man f rom f u r t h e r  burning  would be ne-g-

e- . Toxici ty  of the products  of combos-  li g ible.
tion remaining in the g unne r ’ s area a f t e r  b. The change of wei g ht of the rocket
f i r i ng .  due to p ro pellant exp endi tu r e wo u ld be o f

f. Impuls ive  wind-loading caused by a little impor tance  in compar ing rockets,
p r e s su re d i f fe ren t ia l  across the g u n n e r  and c, All rockets  would be- launched f rom a
las t ing  for  som e- f ract ion of a second af te r f o u r - f o o t  tube with the gunne r  located near
u i r ing .  the center,
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Table I

Ro cket Tube Nominal  Nominal  Burning Gross
Type Diamete r  Th rus t , lb. Time- , sec.  We i ght , lb.

M o d i f i e d  F F A R  3 461 ~. 3l  9.53

FFAR 3 760 1.55 9, 53

T~~lu i  2 1500 1. 00 10.78

T21 5 5 1500 1. 00 10 .78

Loki I 5 3300 0.80

d. Specific impulse and -xpansion ratio as they extend away from the tube axis  to
d i f f e r e n c e s  be tween  rocke t s  would be of l i t t le compensa te  fo r  the reduced  u n i t  loading. In
im por tance .  A s u r v e y  of ex i s t ing  rockets  th i s  manne r it was possible to use ident ica l
shows l i t t le  v a r i a t i o n  in t h e - s e  p a r a met e r s . load cells behind all se gments .  Li gh twei ght

The remaining parameters  to be con- honeycomb cons t ruc t ion  and the hi gh fre-
s ide red  for the g e n e r a l i z a t i o n  inc lude:  quency  r e sponse  of the s e m i c o n d u c t o r  s t r a i n

a. T h r u s t  bec~~use-  it d e t e r m i n e s  the gages  that  were  used  gave a sys t em re sponse
magni tude  of the rocket d ischarge.  in excess  o f one kilocycle.

b. Wei ght bec ause it a f fec ts  the rocket This impulse  ci t -v ice  was mounted  next
velocit y and thus the dura t ion of the impulse . to the launch tube  as shown in F i g u r e  1. It

c. Launch tube d i ame te r  because it was sixteen to t w e n ty  inches back f r o m  the
tends to confi ne the je t  as well as de termine  m u z z l e  and facing the backblast  f rom the
how close the gunner  is to the j e- t  ax i s , rocket  as it le f t  the tube .  The s t ra in  gage

U n f o r t u n a t e l y, a p ro g ram of this natu r e ou tpu t s  w e r e  recorded by an oscillo g ra ph.
is l imi ted  to the type-s  of rockets  readi l y Low f r equency  ga lvanometers  (50 cps ) we re
available fo r te s t ing.  It would he more-  de-
si rable to specif y a s y s t e m a ti c  va r i a t i on  of
the th ree  variables , but this  would re qu i re  a
h a r d w a r e  develo pment program for  each
rocket . The cost and dura t ion  of such a pro-  I
g ram was  not j u s t i f i e d  because s eve ra l  typ i- — —

cal rocke t s  we re- available. -~~

F ive t e s t  condit ions w e r e -  chose-n , utiliz-
ing available rocke t s .  Fou r  i den t i c a l  f i r i n g s
for  each condi t ion wer e- planned to inc rease
the  re l i abil i ty of the resu l t s .  Table I p re —
s e - r u t s  t h e -  r ocke t  j a r a m e t e r s  fo r  each con— 1—
d it i o n .  T h e - r e -  are two d i f f e r e n t  tube d iame-  I 6,..
te rs  wi th  const ant we i ght and t h r u s t , th r ee
d i f f e  r u - n t t h r u st  l eve l s  fo r  the same wei g ht ,
but  the-  e f f e c t  of wei g ht has to be de t e rmined
in c o m b i n a t i o n  wi th  the othe r v a r i a b l e s .

Ins t  r m u m e - n t a t i o n  proved to be a problem .
Standard  blast  gage-s  m e a s u r e  to ta l  p r e s s u r e
w h i c h  is the  st em of o v e r p r e s s u r e  and dy- /
n a m i c  p r e s s u r e - . Two of t h e s e -  gages pointed
in d i f f e r e n t  d i r e c t i o n s  could p rov ide  the dy-
namic  p r e s s u r e .  However , at the r e la t ive ly
low ve loc i t ies  e x pected l a rge  m e a s u r e m e n t  ,~
e r r o r s  would r e s u l t  because  the dynamic
p r e s s ur e  will be small  wi th  r e s p e ct to the 

________

v a r i a t i o n s  in tota l p r e s s u r e -  due to t u r b u l e n c e.
The s a f e s t  approach was to build a de- /

vice to m e a s u re  wind-loads ove r an a rea  ‘ -

a p p r o x i m a t ing  that  of a ma n. An i n s t r u m e n t
w i t h  s e v e n  segments  was c o n s t r u c t e d , as
shown in Fi gure  1. Be -cause-  a rocket  ~x 

-

______________________________________

h ; i u i s t  is an axia ll y symmet r i c  je t , it was
n e c e - s s ; e r y  to c o n si der  onl y t h e -  r ad ia l  elimen-
sion . The segments  a r e -  p rogress ive ly l a rger  Fi gu re  1
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used to subdue-  the -  acoust ic  n o i s e - , th e r e - b y
making  the data eas ie r  to r e-ad .

The oscillog raph recorded t~~ ~~~~~~~ ~~~ 
(A U NCHU 

~~~GM~~~~ T

sented in Fi gure  2 . The acoust ic  noise while - -— -— 2

the rocket  t r avels down the tu be can be seen  * —-3
for  approx imate ly 100 milliseconds , fol lowed
by the hi g h p r e s s u r e  of the rocket  backwash - - — - -‘

las t ing  for another 100 mill iseconds . From
these oscil logr amn s the peak force  and th e 

—5
area  u n d e r  the cur ve ’ were-  read . These
data were  converted to peak pounds per
sq u a r e  inch and pound-seconds  per  square - - -

~~~~
inch with r e f e r e nce to a dead wei ght calibra-
t i j n  and the k nown area of the segments .  

~~- — 7
The total impuls ive  wind-load on a gunner  —

was est imated by integrat ing the unit impulse
ove r  a man size silhouette as shown in Fig-
u re 3. A s u m m a r y  of these  results  is pre 

-

__________________________

s e - n t e - d  in Table II.
Figure 3. Area of blast pressure on man
silhouette as represented by impulse device .

S~GMENm NO- - -~/~rei ght x t h r u s t )  (tube d iameter ) .  Apply-
I ~~~~~~~ ~~~~~~~~~~~~~~~~ 

_______ 

ing this  general iza t ion to the conditions f i r e d
the result is r ema rkably s imilar  to the total
impulse recorded w ithout  the addit ion of a

2 
~~~~~~ .—~~---——- constant . Fu r the r  re f inement  of th is  gener-

a l iza t ion  would require fi~ ing more  condi-
— — 

t ions ; t h e r e f o r e, it will be accepted for  the
p re sen t ,

— — ‘ ROCKET SIMULATION

The second task was to de te rmine  the e ffec t s
o f impulsive wind-loading on a man. Once
again , an info rmation sea r ch did not p rovide

— ~~~~L—4/ .‘ “-.-‘- appropriate c r i te r ia ,  Past e f for t s  had con-
cerned themselves  pr imar i ly with total pres -
sure .  When dynamic pressur e w as used , it
w as ei th er  a constant wind o r of in def i n ite
duration.  In e i ther  case the p r e s s u r e  gradi-
ent across the man was essent ial l y fl at r a the r

— than steep as found with a rocket d i scharge .
It was necessa ry  to conduct a program

Fi g u r e 2 w h e r e by a man would be subjected to im-
pulsive wind-loads of known characterist ics,

The total im pulse was accepted as being His physical ability to withstand loads as
the cha rac t e r i s t i c  n u m b e r  with which to de- well as his ability to aim his weapon in this
velop a g ener alization. Intuit ively, the im- environment  were  of importance.
puls - should be directly proportional to the It was not feasible to have people ac-
t h r u s t  for  a g iven velocity and inversely tually f i r e  rockets  from their  shoulder for
p roport ional  to the velocity at a g iven dis- several  reasons , The rockets used in the
tance . The- velocity is proport ional  to the measu remen t  phase were  neve r meant for
square  root of t h ru s t  divided by wei ght. this purpose and would present  quite a safe ty
Th u s , the impulse  should be proport ional  to problem. It would be desirable to have con-
the squa re root uf  the  pr oduc t o f wei ght trol over  the magnitude of the impulse in
t imes  t h r u st , T e s t i ng the h ypothesis  that  order  to s t a r t  at ve ry  low levels and work
impu l se  is inverse l y p ropor t iona l  to the up in small increments .  A controlled dis-
t u b , -  di amete r , the general izat ion becomes charge of a ir  throug h a nozzle was accepted

as the best alternative.
______________ This sys tem included an air compressor ,
‘The area w e.~ ,ee.d by mee.n~ or e. e-e,mpenuatinK poIe.~ ptN nime ter . storage tank , qu ick—act ing  gate valve , an d a
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Table II

Rocket Impulse Data

Segments FFAR FFAR T215 T2 15 Loki I

2” 5”

1 7 ,9 8. 2 42. 0 2.6 8.7
2 2.2 2 .7 6, 0 2.0 10.6

Peak 3 1.9 2,1 6.5 2.2 13.7
P r e s s u r e  4 .7 .7 1,5 1,0 2.2

(p .s, i .)  5 .5 .5 .9 .5 1.4
6 .2 .2 4 3 .8
7 . 1 .1 . 15 .3 1, 0

1 .52 .67 2 .9 .27 .26
2 .13 .16 .5 .16 .63

Impulse 3 .11 .13 .4 . 14 .70
(lb. -sec. 4 .04 .05 .06 .04 .09
sq. in . )  5 .03 .035 .04 .02 .05

6 .015 .015 .02 .01 .02
7 .002 .003 .01 .01 .04

Total
Impulse 20 25 69 19 63

(lb. sec.)

VThrust  X Wei ght 22 28 70 28 56Tube Diameter

DeLaval nozzle. Normally, a mylar dia-
phragm is ruptured to init iate the flow of

SIGM~ NT NO.t h is typ e of device , but a irborne pieces of
diaphragm would have presented a hazard to
the subject.  The system used appears a — - ~~~~

l i t t l e  complicated but proved very  reliable.
It functioned as follows : 2 ~~~~ ~~~~~~~~~~~~~~~~~~~

a. The subject or exper imenter  pressed
a button fir ing a solenoid-operated 22 cal. 3
ga l l e ry  r ifl e . -

b. The rifle pellets rup tured  a mylar
dia ph ragm releasing air p re s su re  f rom the
top of a 15” diameter piston. 

1

y
_

c. The piston , in itiall y under p re s su re
on bot h sides , is now propelled out of its
cy li nder .

d. A ga t e valve is towed ou t of its se at
in 5 mi l l i seconds by the p isto n.

e. The storage tank comple t el y dis-
c h a r g e - s  i tself  out throug h a convergent-
divergent nozzle . At a chamber  pre s sur e of
150 p.s .i .g. the system produced 1500 f.p . s.
of e -xhaus t  velocit y u s ing  a f o u r - i n c h  throat
an d two- to-one  expansion ratio. —

The same impulse measu r ing  devi ce that
h ad been used with real rockets was used to Figure  4

measure  the- s im ulator output .  The air blast
was found to be quite-  s imi lar  to the real A series of tests  were  conducted to de-
thing in te rm s of du ration and the ra t io  of te rm ine the ac cu r acy of the j et axis . The
peak p r e s s u r e  to impulse -  as can be seen in first segment was positioned in the center  of
Fi g u r e -  4. The mag ’sitetde of the impulse was the flow in the absence of a launch tube,
cont r olled by vary ing the chambe r pressure  These resul ts  are presented in Table III.
and the dis tance from the nozzle. Since a gunner would not be directly in the
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Table III

Blast Simulator  Impulse

8 ft . 8 ft. 16 ft . 16 ft. 20 ft. 20 ft .Segment No. ~~~ ~~~~ 1~~0 P.s,i . 15 0 p. s.i. 100 p.s i . 150 p. s . i . 100 p. s.i.

1 . 33 .11 .07 .02 .02 .01
2 .43 . 14 . 10 .04 .04 .02
3 .32 . 11 .10 .09 .0 5 .02
4 .27 . 10 . 10 .07 .06 .02
5 . 13 .06 .09 .04 .06 .02
6 .06 .03 .07 .0 3 .05 .02

L
f low , the  readings on segment s  four , f ive , Althou gh the intent ion was to move into eig ht
and six would apply to the human load. Con- feet , the impulse picked up by the tube would
s ide r i ng t hese  segments , the impulse gi-adi -  have been too hig h for  a man to hold. It was
ent  at ei ght fe et approximates that of a rocket , a l ready 5 lb. - sec . at 16 feet  which is about
whi le  at g r e a t e r  d is tances  the p r e s s u r e  front  maximum for  a shoulder-held  weapon .
is more  nearly constant .  The nex t ste p was to i n s t r umen t a ro cke t

A t tha t  ti m e on e su l~j e -ct  was subjected l auncher  tube for  aiming e r r o r .  This was
to a total of twenty-s ix  blasts  of p rogres -  done by attaching the sensor  of an active in-
s i v e ly hi gher  levels , including the  c ondition s f r a r ed (I .R.) t r a cke r  sys tem to the gunne r ’ s
shown in Table III. This was done to estab- telescope. The active element was po s itioned
lish the range of impulse  levels to be con- on the target  some 250 feet  away as seen
sidered.  He was initiall y ou t f i t t e d wi th  a t h r oug h a m i r r o r  near  the blast simulator
c r a s h  he lmet , ear d e f e n de r s , and a slack muzzle. As the gunner aim ed at the ta r g et ,
s a f e t y  line. Althoug h this  was a subjec t ive  the I.R. erro r si gnal was cont inuousl y re-
t est , the following observa t ions  add some corded on a pen recorder .  A cal ibrat ion
unders tanding to the ef f ec t s  of blast: allowed this signal to be converted to mils

a. At 20 feet and 115 p .s. i .g. chamber of angular  e r r o r .
The procedur e-  that was used for all

p res su re, the subject ’s h elmet was blown tes t ing  with subjects  was as follows:off . This continued at hi gher  levels and a. The gunner  was posit ioned at the
even tua l ly the he lm et was o m i t t e d.

b. The hi g hes t  le vel achieved in the test  proper  distance from the s imula tor  nozzle .
b. A sa fe ty  cable down the center  of thewas at 8 feet  and 150 p.s. i.g. chambe r pres-

su re. At this level the subject ’ s e a r m u f f -  jet  axis and throug h the gunne r ’ s launche r
tube  en su r ed co rr ect ali gnment  with the j et .type ear defenders  were  blown o f f ;  his gog- This did not h inder  his aiming abil i ty but did

gles needed to be padded to prevent bru is ing prevent  the tube f rom being swung a roundhi m ; and he w as obse r ved to be p icked up by throug h la rge  angles.the wind and moved back approximately ei ght c. The g e l n n - r  took c i , ,  at the ’ t a r g e t  andin ches. pulled his  t r i gg e -r , thu s  i mt  at  eng t h e -  blast .
To relate the s imulator  t e s t s  to rocket  d. He t r i e d to m a i n t a i n  his  aim dur ing

fi r in g s , it was neces sa ry  to de t e rmine  the the blast and for s e - v e - r a l  s e c o n d s  t h e r e - a f t e r ,
total im pulse . The impulse device had been Fi gure  5 pre s e n t s  a typ ica l  a iming er r o r
des igned for  cons iderably higher  levels than record.
were  bei ng achievedand the measur ing  e r ro r  The f i r s t  t es t  w a s  to d e te r m i n e  the sup -
was large.  To correct  th i s  a m a n - s i z e  sil-  posed benef i t s  of a s h ou l de r  s tock and face
houett e  was attached to three  th rus t  cells , shield.  Two sub jec t s  t r i e - d  all fou r  levels of
In addi t ion , a f ive - inch  d iameter  tube was impulse without e i t h e r  device , wi th  onl y the
lo cated on the si lhouet t e ’s shoulder and also shoulder stock , and wi th  both the shoulde r
ins t rumen ted  for t h ru s t . The tube was lined stock and face shield. In all cases  two pistol
up on the jet  axis and a se r i e s  of measu re -  gr i ps were  provided on the t u b e .  The aiming
ments  were made. The four  levels of impulse e r r o r  befo re f i r i n g  was s i m i l a r  across all
that were selected for tests with subjects condit ions but the face shield caused wild
were :  devia t ions  a f te r  f i r i ng .  This  was probabl y

a. 3 lb. -sec.  occur r ing  at 20 feet wi th  because it o f f e red  more- a re a  to the oncoming
60 p .s. i .g. chambe r pressure . blast. • The subjects  p r e f e r r e d  the sys tem

b. (~ lb. -se c. occur r ing  at 20 feet  with wi thout  e i the r  the shoulde r stock or face
100 p .s. i .g. chamber p re s su re,  sh ield. For these-  reasons , onl y the basic

c. 12 lb , -sec. occur r ing  at 16 feet with tube and p istol  g r i ps we re used for subse-
100 p .s . i.g. chamber p res su re .  quent t e s t s .

d. 24 lb .-s ec. occu r r ing  at 16 feet with The second test  was to de t e rmine  the-
150 p .s. i .g. chamber  p r e s su r e . increased s tab i l i ty  to be gained from a
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Fi gure 5. Typ ical aiming e r r o r  trace.

knee l in g te nd pro ne posi t ion ove r that of a o 3 6 12 24

s t a n d i ng  pos i t ion. The same two subjects
t r i e d  all four  levels of impulse  at all three  Figure 6. Aiming e r ro r  vs . im p u l s i v e  blast .
po s i t i o n s . Once again , the aiming e r ro r
pr io r  to f i r i n g  was s imi la r  across all condi- The data we re reduced by two methods ,
t ions ;  how -v e r , stan ding pos i t i on  proved to i.e ., the RMS e r r o r  for one- second p r io r to
be the most stable a f t e r  f i r i n g .  This was f i r i n g  and the exact er r o~ at the- t ime of f i r -
at t r i b u t e d  to the gunner s abi l i ty  to rock with ing. Each of these-  were  combined by RMS
the  blast s imi lar  to a pr ize  fi gh te r  receivin g for  each impulse level. These re -sui ts  pre-
a punch.  s en ted in  Figu r e 6 show a di rect  relat ionshi p

Dei r ing both of these tests  the lower im- between aiming erro r and the level of impulse.
pulse-  levels were fired f i r s t  and the hi gher Certainl y a larger  sample size would be
ones last. This order of presentation was needed be for e f i r m statem ents could be
des i rable  f rom a safet y standpoint; however , m ade about the exact nature of this relation-
the learning effect  may h ave counterbalanced shi p. Perhaps more important  would be a
any di f ference  in aiming error  as a function determinat ion of the appropriate amount of
of impulse.  t ra in ing  to be g ivenbefor e  scor ing for record.

The third test was conducted to deter-  The ph ysical stability of the subjects
mine-  whethe r the apprehension of blast would was observed throug hout all of the tests .
d if f e r e n t i a lly ef fec t  the aiming e r ror .  This Often at the 24 pound-second level the sub-
was doni- in the absence of a t ra in ing  period jects were pushed back until  the safe ty  line
by giving each subject onl y two t r i e s , the be came t ight. It is quite likely that they
f i r s t  one for  f ami l i a r i za t ion  and the second would have been blown down had they not
one for  re-cord,  Four independent groups of been restrained.  These’ observat ions  plus
four  s u b j e c t s  e ach were used wi th  each group  the indication of high aim ing er r ors  at the
f i r i n g  at one of the fou r  impulse- levels. The hi ghes t impulse level would sugges t  that
s ta nding posit ion was used th roug hout this something on the order  of twelve pound-
te st on the basis of the p r ev i o u s  experience , seconds is the maximum permissible load.
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3D. EFFECT OF FIRING SHOCK ON GUNNERS
IN A LIGHTWEIGHT ARMORED VEHICLE

F’r ane is  M. Mcintyre
(;

~‘nera l l’r eis ion . Inc., Aerospace Cro tip
Li t t l e  Falls . New Jer se~

John I ) . Waugh
Wa te rvl iet  Arsenal

W ater~Iiet , ~ ew York

l’t i i s  paper is hase -d on a ser ies  of s tudies  weapon; the-  late- st vers ion is shown in
conducted  on a Sp e - i f i c  Ar m y V e h i c u lar Fi gure.- 1.
weapons s yst e m deve lopment . These -  s tud-  In the earl y stages of Sheridan develop-
i c - s  we-re-  conducted in part by De f en s e  Sy s —  ment , i t was speculated that the- hi gh trun-
te -ms  Resea rch  Laboratory of Ge neral  Motors nio n reaction of th i s  large caliber gun mi ght
Corporat ion , and by U .S. Army Human Eng i _  overturn the vehicle , par t i cu la r l y when the
nee ring La b o r a t o r i- s . Whi le  these  studies weapon was f i red at 90 degree-s  over the
were conducted for a part icular  vehicle , the  side. To investi gate th i s  possib ilit y, a t e s t
Armored Reconnaissance Ai rborne  Assaul t  mock-up which s imulated the t runn ion reac-
Ve hic le , XM55 1 ( the General  Sheridan),  the tion and ph ysical cha racteris t ics  of the
problem , tech niques of investi gation , and in- Sheridan was cons t ruc te d , Test f i r i n g s  con-
dic ated solu t ion ar e applic able to other corn- ducted in earl y 1961 . est ab l i shed  that  the
bat y e-h i d es wiUi hi gh f i r ing  impulse im-  fear of over turn ing  the vehicle- was unfounded.
par ted to the gunner  or crew. However , another  serious problem was un-

HISTORY 
covered . An in tense  blow was imparted by
the telescope- brow pad to the gunner ’ s hea d

The General Sheridan v eh i c l e  is a li ght am- during weapon f i r i ng.  Individuals  rece ived
phibious assault vehicle mounting a (152 mm) cuts about t he  eye and nose ’ when t h e i r  faces
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Fi gure 1 . General Sheridan Armored Reconnaissance  Airborne ’  Assault  V e h i c l e , X M S 5 I .
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rebounded again st the telescope eye piece. is delivered to the unshielded forehead of the
The weapon firing shock was deemed “unac- seated operator , apparently was not dup li-
ceptable. ” Effor ts  were initiated to reduce cated in the experimental l i terature .
this  problem by ( 1)  reshap ing the t ime / fo rce  A visit was made to the Vibration Labo-
curve of the recoil mechanism and (2) pro- ratory, Bio-Acoustics Branch at the Aero-
viding shock protection at the gunner ’ s posi- space Medical Laboratory, Wright Field.
tion. Based on low frequency vibration studies

which he had been directing, Dr . Roll Coer-
GENERA L APROACH man of the Laboratory, stated tha t serious

problems could be expected in the context of
A systematic investigation was launched to voluntary tolerance if the head were sub-
obtain a satisfactory solution to the shock jected to more than l g for longer than 20
protection problem. This effort  entailed: milliseconds. The tolerance limit for a

1. A review of the l i terature and consu- sing le blow, according to Coerman , was in
lation with “experts” to obtain pertinent data the range of 2. 5 to 3g. Based on this  info r-
on human tolerance to accelerations irn - mation , a tentative criterion of l g maximum
parted by repeated blows to the head , for 20 milliseconds transmitted to the head

2. Are analog computer simulation of gun was established as an upper limit desi gn
recoil characterist ics and the vehicle sus— goal .
pension system to provide a good picture of
the acceleration h is tory  of the gunne r ’s head COMPUTER SIM U LATION
rest  during the fir ing-recoil  cycle .

3. Uti l iz ing the data gathered in the The a n a l og  computer simulation of the
preceding steps , guidelines were derived for veh ic le/gun  system was undertaken af ter  it
the shock dampening characteris t ics  of an had been determined that the data from the
experimental  brow pad, A search was initi- previous test mock-up f i r ings did not pro-
ated for a padding material with the appro- vide an adequate definition of the weapon
priate properties . shock environment. The physical  charac-

4. An investigation was made of the ter is t ics  did not correspond to the updated
gunner’s seat positioning and adjustments to vehicle requirements .  The round used was
insure that personnel of widel y varying phys- of hi gher velocit y and different  ballistic
ical dimensions couldassunie a relaxed pos- characterist ics than the fina l XM409 round .
ture in si ghting. The computer simulation was designed to

5. A testing program , employ ing an in- take into consideration: (1)  the dynamics of
strumented anthropomorphic dummy, was the recoil mechanism, (2) the dynamics of
outlined . This inve sti gation was desi gned to the suspension and lockout systems and
evaluate the experimental head rest in firing (3) a non-linear track/soil  relationship - the
of the Sheridan Test Bed vehicle. Based on so-called “bull-dozing” effect,  The results
the findings in these tests, an experimental of this simulation indicated that in the ”worst
head re st was to be selected for human oc- case” condition the peak acceleration of the
cupancy testing. This test program was ex- telescope si ght would be on the order of 3g.
panded to include obtaining anthropomorphic The primary pulse lasted 45 milliseconds in
dummy acceleration records in an M-103 which the rearward velocity of the tank de-
Heavy Tank arid the Dynamic Ride Simulator cayed to zero .
at the Army Tank Automotive Center. A mathematical model of the gunn er/

6. Human subjects serving as the gun- head rest system was derived , This model
ner in the Sheridan Test Bed vehicle evalu- was desi gned to account for the forces acting
ated weapon fir ing shock, on the gunner ’s head during and immediately

7. Later in the program, major changes following weapon discharge. Preliminary
in the gun-recoil system required additional analysis indicated that an improved brow
study, to modif y the brow pad material arid design could be used to advantage in this
to verif y that the shock reduction program system. The brow pad initially designed for
had b e  e n  successful.  The instrumented use on this firing rig consisted of a thin ,
dummy was utilized and verified with limited hard-rubber pad , backed by a flexible metal
human occupancy firings, piece. The pad made contact above and be-

side the left eye. It could be adjusted to
HUMAN TOLERANCE conform to the facial shape of the gunner.

TO IM PACT ACCELERATIONS Unfortunately, the hard rubber does not pro-
OF THE HEAD vide controlled deceleration of the head after

firing, and with seve re firing shock the left
In the initial phase of the investigation a corner of the pad could strike the gunne r ’s
literature search was initiated to collect temple , causing injury. The following rec-
pertinent data on human tolerance to impact orremendations were applied to the experi-
blows to the head. Unfortunately, this search mental brow pad desi gn:
did not prove too fruitful . The specific con- a. Maximum pad-head c o n t a c t  area ,
ditioi-i existing in the Sheridan, where a blow within -the l imits imposed by the
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Combat Vehicle Crewman ’ s helmet - Figure 3 is a summary of the peak ac-
T-56-6. celerat ions  a n d  r i s e  t imes  measured  at

b . Density of pad material  to control the dummy’s head in the (x)  d i rec t ion . Also in-
deceleration of the gunner ’s head , eluded are- base line measurements  taken
without the material’ s bottoming out , from the MZOA 1 periscope headres t  in the

c . An c-ye-rel ief  distance suitable for M 103 , 120m m Gun , Heavy Tank . This fi gure
the selected telescope with normal indicates the following:
positioning of the gunner ’ s head , a, For all test  conditions , the Experi-

d. Adaptability of the brow pad to the mental Brow Pad 4 exhibi ted lower
selected telescope , peak accelerat io~~s and longer rise

An anthropomorphic dummy was fur-  t i m e s  than the Standard Brow Pad .
n ished by the Veh icle Design Agency. It was b. The accelerat ion-r ise  t ime combina-
ins t rumented with strain gage accelerome - tion for f i r ing 90 ° over the side was
ters  in the three pr inc ipal axes , in both head hi gher  than f i r i n g  over the front.
and torso . Of p r imary  importance are ac- Fi gure 4 i l lustrates the reduct ion of the
celerations recorded in  the head o f  t h e  peak accelerat ion and the lengthening of r ise
dummy; that is , along the vertical (x) and t ime in the dummy with the No, 4 brow pad
long itudinal ( z )  axe s as shown in Fi gure 2 which  makes this  pad more desirable,  A
(On). The (x) axis  is the direct ion in which  steep r i se  jus t  before maximum accelera-
the  fo rce due to vehicle reaction is trans- tion for the No, 4 brow pad suggests that the
mit ted  throug h the-  telescope brow pad to the- mater ial  was bottoming out to a solid hei ght
head of the gunner . Any record in the ( z )  under the inertial  resis tance of the dummy ’ s
di rect ion  ind ic at e s  that t he dumm y did not head . However , the resu l t s  in t he pr evious
sta y with the si ght dur ing the vehicle  re-  slide imply that  both experimental  pads were
act ion,  mor e des i ra ble than  the sta nda rd pad .

The dummy was arranged into the gun- The impulse , or area under  the curve ,
ner ’ s seated pos i t ion . Its mechanical  joints is approximately equal for each pad . How-
we r e ti ghtened  to prevent  movement . A rope ever , a curve which is f la t ter  and more cx-
was passed around it and the seat to secure t ens ive  in t ime than in accelerat ion (i .e .,
i t  i n  posi t ion.  A li ght rubber band w a s  spread out along the (x) axis) indicates  less
s t re tched  around the dummy’s head and brow shock for the  gunner .
pad to provide a constant  normal  pre-load of The tentative cri teria of not exceeding
3-5 pounds agains t  the pad. The over-all  i g for a duration of not more than 20 milli-
posi t ioning and pre-load were checked and seconds are hardl y approached in the t e s t
read justed , if necessary ,  prior to each f i r i ng,  veh ic le . They mi ght be conside red un rea l -

Accelera t ions  of the dummy in the  Sher-  is t ic  relative to the operational and assumed
idan Test Veh ic l e  were  recorded for f i r i n g s  acceptable M 103 Tank ,
over the f ront  and over the side with zero The next step was an attempt to simu-
su spens ion lockout and wi th  fu ll su spen sion late t he shock exper ie n ce d by the dummy
lock ou t , us ing  ATAC ’ s Dynamic Ride Simulator.  The

7

Fi gure 2 . Identif ication of the three  axes.
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Summary of’ Peak Accelerations and Rise Times in X Axis , Head, Anthropomorphic Dwnmy

Experimental Experimental

3 Pad 4 Pad Std Pad
Ground M2OA1

Charge Lockout Orientation Rise Rise Rise Periscope
Peak Time Peak Ti~~ 

Peak Time

(g) (ms) (g) ,- (ms ) (g) (ma )

Test Vehicle

100% 0 0~ Front 7.7 20 5.5* 34 9~9** 24

115% 0 00 Front 10.8 15 6.3 28

100% 0 9Q~ Side 15.9 26 8.4 33

115% 0 90° Side 21 20 8.4

100% Full 00 Front 7.5 18 -

115% Full 00 Front 7.3 2b

100% Full 90~ Side 18.3 21 
‘

115% Full 00 Side 20.8 21

M-103

100% 0° Front 4.7 20

115% 00 Front 5.2 28

*Average of 5 rounds,
**Averag e of 3 rounds .

Figure 3

— 7.7g~

_____ _____ ~~~~~ “ ‘“
~~ \~:

--7 “-~~~,ç 
~~~~~~~~~~~ 

,,
~~~~~,,, . lie. 3 Brow P~d

5~i

Z-lis~d ,~~~~~~~~~ _____ _____ ______ _____— 
“.‘ e..—n.J~~~~~ ---.-.~--~’ 

Jo . ~j Brow Ptd
~~~~~- —~~~~

—

1OO~ ~~.rg., 0 1oc~~ut, 0 Trtvsrus ow.r frc~t5 00 
~ a~~tion

Figure 4, Sample acceleration record of the anthropomorphic dummy.
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reason for th is  was economy. If the Dynamic the M60 Tank using Armor-piercing, high_
Ride Simulator c o u 1 d t rul y simulate the velocity ammunition.
shock , then a considerable number of pa- In order to increase the sample si ze
rameters  could be cheaply and easil y yen - and to satisfy the requirements of the user ,
f ied , without the expense and hazard involved four Armor Board Gunners were put through
in live f i r ings,  the same procedures as the D&PS gunners.

The Dynamic Ride Simulator , operated In a previous slide , you have seen thei r  rank-
by t h e  Computer  Laboratory, ATAC and shown ing of weapons they have fired . The gunners
in Fi gure 5 of dummy is a test  instrument had 20 , 19, 5 and 3 years of experience in
which  was desi gned to reproduce the motion firing Army weapon systems. The Armor
experienced by a subject riding over actua l Board Gunners fired in the same progre s-
road or terra in. sion as the D&PS gunners, including the

A seat is suspended on a framework of preliminary and on the spot f ir ing inter-
sliding members  and gimbals which permit s views. The 4b brow pad was used for each
pit ch , roll , yaw , and vertical translation, firing. Generally, these gunners ranked this
The execution of the various motions is ac- weapon as comparable to operational weap-
complished by the programing of a moving ons. One gunner compared it in tow shots
vehicle ’ s displacement versus t ime-history with an earlier, unacceptable firing rig.
into an electrical signal , to regulate the All of these gunners agreed that the
speed and disp1acen~ent of hydraulic cylin- No . 4b brow pad was much better than the
ders attached to the seat and frame combi- existing pads they had used , and no special
nation . For this study, one motion of the firing technique was necessary for this
vehicle was programed--the initial firing weapon.
shock .

The test  was curtailed af ter  examining ACCELERATION MEASUREMENTS
the initial results which indicated that the OF GUNNER’S HEA D
simulator was not reproducing shock char- DURING FIRING
acteristics with practical validity.

It was found that the theoretical din- An attempt to obta in objective measurements
placement versus time curves programed in of acceleration of the gunner ’ s head in the x
the simulator were resulting in smaller ac- (fore-aft ) directionby mounting a strain gage
celerations than were experienced by the accelerometer on the back of a tanker’ s hel-
dummy in the test vehicle , met was discontinued after  a few rounds

were fired , due to unsat sfactory records
SUBJECTIVE FIRING being obtained.
SHOCK EVALUATION Figure 9 is a sample of the accelerat ions

recorded by the sensor attached to the back
Two Development and Proof Services, APG, of the crew helmet worn by the APG gunners
master  gunners  were interviewed before while firing the vehicle . The record shows
fir ing.  They rated and rank ordered on a a 600- to 800-cycle “hash” with peaks in the
scale of 1 to 7 the weapons they had fired neighborhood of 30g’s.
(see Figure 6). Each gunner fired the test The 600- to 800-cycle hash is believed
vehicle , start ing with a 50% charge , riding to be the effect of the helmet , on which the
the shock , placing thei r  helmet in the pad , accelerometer is attached , ring ing or reso-
and finally, placing their  head in the brow mating with the vehicle shock ,
pad and there attempting to maintain visual
contact or sense the round as it was fired . PRELIMINARY RESULTS
Each gunner was interviewed after fir ing
each round . They were asked to place the Based on the above studies , a recommenda-
round they had fired on the scale they had tion was made to Frankford Arsenal for a
previously made up. All int erviews took brow pad desi gn. The pr ’ blem apparently
place in the tank within 30 seconds of firing, had been solved. CONARC gave its approval
and were recorded verbatim for later de- to the solution and everyone relaxed. Six
tailed content analysis . months later , engineering design require -

The gunners fired a total of 11 rounds ments determined that the gun recoil curve
(see Figure 7). APG Gunner No. 1 consist- could be changed to give a better distribution
ently ranked the reactiOn wit h the M60 Tank , of forces. This change allowed the recoil
He said that his head left the brow pad most stroke of the gun to be reduced from 20” to
of the time , but that he had no problem in 15” . The reaction at the gunners position
returning to the pad quickly. He preferred appeared to have increased in violence over
the thicker No . 4b brow pad after using it the test bed.
for one round only. APG Gunner No , 2 , for The anthropomorphic dummy was taken
the most part rated the f i r ing vehicle with out of storage , dusted off and calibrated in
the M l O3 T a n k  fir ing 120mm armor-piercing the same fashion as had been done before.
projectiles with obturator pads. He also Dur ing the proof fir ing of the new recoil
stated that the f ir ing vehicle was not unlike system , dummy measurements verified the
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BEST RANK WORST

I 2 3 4 5 6 7 8

T-98 M-24 M- 46 M-60 M- 1 03 T-95 M-47 SPECIAL 120 MM
A PG I M-4 M-48 APDS AP OBTERATOR V4/T201 50 RECOIL 5~ RECOIL

GUN M-48 CHASSIS
‘4 ~RS OVERSIDE

T-98 M- 4I M..46 M-47 M-48 M-60 1-95 M-103
APG 2 UNLOCK 1-54 TURRET

14 YR S

M-4 M- 24 M-4 I M-46 M-IO3 HE M- 6OA P M-56 ARV - T
A~~~~ i CENTURION M-47 M- IO3AP TEST RIGMD I ftRIT M-48

20 YRS 2OLb GUN

M-4 M-46 HE M-46 M-6OA P M-I03 A R V - T
~~~~~ ‘~~ M-5 M-47 TEST RIG

~ M-24 M- 48
19 Y RS M— 41

AB 3 M-4 7 M-48 M-4 1

5 Y RS

M-4 L HE M-6OAP M-56 HE M.48 HE
AB 4

3 YR S

Figure 6. Summary of subject ive ratings of tank weapons sys tems .

exis tence of the problem. It should be noted crewman ’s helmet and the available brow
we we re able to obtain records during proof a rea  of the 5th th roug h the 9 5th pe rcen t i l e
fi ring without exposing crew member s .  The man were  anal yze d. it was decided to make
peak ‘g ” forces  were  almost three  times the following modifications in the previous
what had been experienced a year before- . A brow pad (#4b) desi gn to obtain an inc rease
p ro g ram was initiated to develop a new cx- in contact area:
pe rimental brow pad based on the following: 1. Increase  brow pad width f rom 1.25

1. For cushioning materials, such as inches  to 1.50 inches .
mi gh t he used for a brow pad , the p r e s s u r e - - 2. Increase  arc  length of brow pad f rom
de-f lection charac te r i s t i c  cu rve  has a con- 5.0 inche s to 7.5 inches ,
stant shape for  any desi red contact area , but 3. Change arc radius f rom 3.5 inche s to
the for c e-  values of the force-def lect ion char -  4.5 inches  for  the c e n t e r  5,5 inchc- s of arc
ac t e r i s t i c  cur ve may be increased in direct  length and u s e -  a 3.5 inch radius for  the last
proportion to an inc rease  in force  bearing inch of arc on each end of the brow pad.
a rea .  This method may thus be employed to These modifications have the e f fec t  of
in c r e a s e -  the  amount of energy  that a brow i n c r e a s i ng  the contact area of the brow pad
pad mater ia l  will absorb , s ince  this  e n e r g y  by 84 pe rcen t , f rom 6.25 square-  i nche s  to
is denoted by the area under the fo rce -  11. 5 square inches .  This new brow pad base’
de ’flec tion curve , plat e des i gn is shown in Fi gur - 10.

2. The force-def lec t ion  cu rves  of d i f f e r -  Various padding mate r i a l s  and combi-
ent s izes  and types  of candidate mater ia ls  nat ions of mater ia ls  were  subject -d to load-
and of d i f fe ren t  combinations of mater ia ls  deflect ion tests  for  the  incre ’ased 11. 5 squ a—- -
can be analyzed to dete rmine the one with the j nche ’s  of contact  area .  The r e - su l t i ng  fo rce-
most desirable e n e r g y  absorb ing  proper ty , deflect ion cu rves  in Fi gure 11 w e r e  p lot ted

and compared against  the  pol y u r e t h a n e  pad-
R E V I E W  OF HEL #5 d ingma ter i a l  used in t h e -  #4b brow pad. (Note :

E X P E R I M E N T A L  BROW PAD DESIGN These ’ curves can onl y be ’ c o n s i de r -d  as
roug h approximations to the  prec ise  static

The available space for a brow pad to fit load-deflect ion curve s  of the ’s e -  m a t e r i a l s . )
unde r the f ront  ed ge of a combat vehicle The t h i c k n e s s  of the mater ia ls  te sted was
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C 
Summary of Comparat ive  Impressions , APG Gunners in Test Vehicle

Round T u r r e t  -Gunner Lockout ComparisonNo. (a) Traverse

i l l  APG 2 0 90 °R (Helmet placed on pad instead of
forehead) “ . . - about wi th  th e
M60”

I-
112 APG 2 0 90°R ‘ . , . a b o u t  like the M60 over the

si de ”

113 APG 2 100% 9 0 0 R “. - . around the M60 over the
side”

114 APG 1 0 90°R (Helmet placed on pad ins tea d of
fo r e h ead) “. - - M 103 with obtu-
rator  pads over  the f ron t . ’

115 APG 1 0 90°R “. - - the Ml0 3 us ing AP o b t u r a —
to r s  ove r the side ”

116 APG 1 100% 90°R “ . . , t h e  Ml03  with AP obtura tors
over the si de. ’

117 APG 2 0 0° “ . . - still pret ty  close to the M60 . ’

118 APG Z 100% 0° “ . . . a little bit greater  than the
M60 . . . something like a T95
and not as ba d as the M60 over
th e side .”

119 APG 1 0 0° “HE round over the f ron t  of M60
or M l 0 3 ”

120 APG 1 100% 0° “Like the M60 , HE. ”

121 APG 2 0 0° ‘ . . . the M60 HE round over the
front . ”

(a) All  rounds 100% charge f i red at approximately 00 e levat ion.

No. 4 brow pad used for  rounds 111-120. No. 4b brow pad used for  round 121.

Fi gure  7

78

p —
~~ ~~~‘!‘ ~~~~~~~

‘
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
- -



Summary  of Comparative Impressions , Armor  Board Gunners  in Test Vehicle

Round T u r r e tGunne r Lockout ComparisonNo. (a) T rave r se

132 AB 1 0 00 “Similar to an M48 ’

134 AB Z 0 00 “. - - about the same as an M48”

135 AB 3 0 00 “I would say the M48 is be t t e r . ”

136 AB 3 0 00 “, . . the same as the last . ” (M48)

137 AB 3 100% 00 “. . - the same ai, before. ” (M48~

138 AB 4 0 0° “ . . . better than the M56 , worse
than the M60. ” (See Appendix C)

139 AB 1 0 90°R “ . . . 76mm I guess . ” (M 4 1 )  “It ’ s
no worse than a 90mm with AP. ”
(M48)

140 AB 2 0 90°R “. . . clo ser to the ol d test r ig. ”
(ARVT test vehic le)

141 AB 2 100% 90°R “Bet te r  than the test vehicle but
not as good as the M 103 f i r ing
AP. ”

142 AB 3 0 90°R “ , , - below the M4 1” (bet ter  than
the M60)

143 AB 4 0 90°R “About the same. ”

144 AB 4 100% 90°R “Same place ” (less than M6G ,b et-
ter than M56 and M48)

145 AB 1 0 45 °RF “I would say about l ike  an M48”

146 AB 2 0 45°RF “. . , a round the M48A2 . ”

147 AB 3 0 4 5°RF “. . .a l rn u st  as good as an M4 1. ”

148 AB 4 0 4 5 °R F  “, , .b e l o w  the M60 . ”

(a) All rounds 100% charge  f i r ed  at approximatel y 0° e levat ion.  No. 4 brow pad used
throughout.

Figur e 8
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Fi gure 9. Typical accelerat ions  recorded on helmet  in x direction.
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This experim ental br ow pad was tested u sin g

INTERIM FIRING SHOCK
RESULTS

the instrumented dummy to record the ion-
gitudinal shock imparted to the head. The
#4b brow pad and two experimental brow

- 
. pads ( r e f e r r e d  to as #6 and #7) , desi gned by

Erie Pr oving Ground , we re also tested. In
Fi gure 12 , sample ac celera t ion ve r su s time

- - — of the dummy upon weapon f i r ing can be seen
traces of the long itudina l head acceler ation

I for :  ( 1)  brow pad base plate with no padding,
(2 )  #4b brow pad , and (3) #5 experimental
brow pad.

The #5 experimental  brow pad shows a
peak C-level of around 7 and a r ise  time of

Mate r i a l :  Pol yure thane  foam ~ebout 28 mill isecond s for  a broadside shot.
Adip ic acid polyes te r  - TDI l’his is a definite improvement  over the #4b
(Toluene DI Isocyan .-ite pigmented brow pad , as can be seen in Fi gure 3.

with 5% probable zinc oxide , Analysis  of these resul ts  allowed us to
and traces of carbon black.) proceed to the next  step - verif icat ion of the

Dens i tyapproximate ly 13/5 LB/ f t 3 dummy shock resul t s  by subjective rat ing of
gunners .  The same procedure was used as

Figure 10. Drow pad for X M I I Z  articulated before.
telescope . The dimensions have been deter- Two gunners from D & P’s Aberdeen
mined for optimum f i t  to most  head shapes , Proving Ground s and five f rom the U .S. Army
bene ;,th tank c-’ewman ’s helmet. Test & Evaluation Command , Armor Board

fired a combination of slug and flight rounds,
over the f r o n t  and over the side . They com-

he- Id to 1 . 5 inches  to maintain the cor rec t  pared the shock with other weapons they had
‘-y e  - re- h e-f dis tance  forithe X M l  12 telescope . fired .
-‘ - - .~ r i e l  combin a t i o n  of 50 percent  poly-  Two of their gunners had fired in the
r - e e - h . - r ( l 5  lb s/ in s ) ,  and 50 percent  polyether previous test .  They rated the system gener-

r (7  - 10 1b s/ in ~ ) appeared to have the ally as s imi lar  to the M60 , 105mm gun tank
.-,ost de b  r . e h l , -  f o rce-def lec t ion  curve for  with the APDS round , or the M 103 , 120mm
‘n.r ~~-, a o s e r p t i o n  cf the mater ia l s  tested , gun tank with the APDS round and less se-

- ~~~~i. the - n - i a t , - r i . e l  selected for the #5 vere than the previous Test Vehicle. They
‘pa r e - ’ - ’ nta l brow pad. commented that the experimental brow pad
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Fi gure 11. Static load-deflection curves  for candidate brow pad materials.

desi gn was sa t is fac tory  and did represen t  an 2 . Thi s li gh twe i ght vehicle with a 152mm
i m p r o v e m e n t  over brow pads used in other gun compares  favorably w i t h  the M60 - me-
weapons , with inhe ren t  stability p rob lems .  dium tank with the 105mm and the M 103 ,

Heavy Tank with a 120mm gun. The training
RECOMMENDATIONS AND problems which exist in th~~~~ systems rela-

CONCLUSIONS tive to f i r i n g  shock will  be increased in this
system , as yceu do not have a low impulse

1. A recommendat ion  was made to use HEP round for  t r a in ing  or f ami l i a r i za t ion .
the e x p e r i m e n t a l  brow pad desi gn approach 3. Additional stud y is required to iso-
as a basel ine  fo r  development  of the f ina l  late the paramete r  or combinat ion of param-
br ow pad de sign for  the Sheridan Vehic le .  ete rs  which are impor t an t  in d e t c - r m i n i ng
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V Time- Soal.t 15.6 na/in

— in exceaa o.f 30 G’a

Round ~9Oi Broadaide Shot , j~ Brow Pad Cuahioning 1~ateriaL~

G-Sci~lez 20.0 0/in
Time-Soislo , 10.0 ~L3/~ 4.

Itound #52 * Bro~4side Shot , Brow j ’ad # 4b, 2f’1~m’ethane ;~~i 4-erg r.i ,~6,,25 inchea of’ Contact Area, 1 1/2 in Thi*~.

C—Scale a 20 0/in
Time-~ioa1e * 10.0 ma/in

Round # 91* Broi4~jd.o Shot , Brow Pad. #5, 50% Polyrubber Ii 5C~Polyether Rubber; 11.5 in. ot Contact Area, 1 1/2 in.
- Thick

Fi gure 12 . Sample ac’celeration versus  time traces of the long itudinal head acceleration
the dummy upon weapon f ir ing can be seen for: ( 1) brow pad base plate with no paddin 1
(2) #4b brow pad, and (3) #5 experimental brow pad.
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subjective reactions to f i r ing shock. For A technique could be developed , based on
pragmatic reasons , the peak “g” was se- these studies , using the Simulator and vali-
lected as a cri ter ion for these tests. Thi s dating with a field stud y.
measure  did vary f rom test condition to test 5. Developing a direct measurement
condition, techni que , with accelerometers strapped to

4. The ATAC Dynamic Ride Simulator a helmet , or directly to the gunners head
could be an effective tool for measurement of and body, to build up an information pool on
f i r ing shock effects.  It would make it possi- existing systems with moderate to severe
ble to have many test conditions for the price fir ing shock problems to determine present
of one round of developmental ammunition, status of this probl,em.

L
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CHAPTER 4
INFORMATION PROCESSING BY HUMANS

Chairman: Leon T. Katehmar
Chief.  Sy stems Researe h Lalx ra t ory

1 .5. Arm y H u m a n  Eng ineering Lal~~rat or ies
Aberdeen Provin g  Ground , Mar y land

A . PROCESSING AND EVALUATING INFORMATION DERIVED FROM KNOWLEDGEABLE
CONSULTANTS: James E. Trinnaman and John L. Houk , Special Operat ions Research
Office , Washington , D. C. 20016

B . INFORMATION ASSIMILATION FROM COMMAND SYSTEM DISPLAYS: Seymour Ringel ,
Charle s H. Hammer and Frank  L. Vicino , U . S. Army Personnel Research Office , Wash-
ington , D. C. 203 15

C. ADP BREVITY CODING — DESIGN OF COMPATIBLE INFO-TRANSFER VOCABULARIES
B E T W E E N  PERSONNEL AND PROCESSORS OF THE FIELDATA SYSTEM: R , E .Packe r ,
Automatic Data Process ing Department , U. S. Army Research and Development Act iv i ty ,
Fort  Huachuca , Ar izo na

D . HUMAN FACTORS CONSIDERATIONS IN ARMY’S NEW MULTICHANNEL CARRIER SYS-
TEM EMPLOYING PULSE CODE MODULATION: Harold F .Buckbee and Peter Zakanycz ,
U . S. Army Electronic s Research and Development Laboratory,  Fort  Monmouth , N. J .

E . AN-EXPERIMENTAL EVALUATION OF THE APPLICATION OF PROGRAMED INSTRUC -
TION AND TEACHING MACHINES TO WEAPON SYSTEMS TRAINING: Maurice A . Larue ,
J r . ,  Martin Company, Orlando , Florida
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4A. PROCESSING AND EVALUATING INFORMATION
DERIVED FROM KNOWLEDGEABLE CONSULTANTS

James E. Tr in n a m a n  and John L. Iloii k
Spec ial Op era t ion s  Research Off i ce

Washin gton .  I) .C. 20016

INTRODUCTION — THE PROBLEM RATIONALE FOR THE
CONSULTANT APPROACH

One of the most di ff icult  p ro blems faced by
peo ple in applied social science research  is The consul tant  approach o f f e r s  several rela-
satisf y in g the need f or practical and u seful ti ve advantages ove r f ield study. Fi rs t , it
informat ion  on the d ynamics of whole soci- can offer relative economy of e f for t .  Prepa-
eties. There are , in fact , two as pects to this r ation of ne cessa ry tools of r esea r ch and
problem. F i r s t , the social sc ient is t  generally collection of names and qualifications of po-
p re fe r s  to deal with small and manageable tential consultants can be done fas ter  than
se g men ts of the whole problem of social dy- preparation of ins t ruments  for use in a
namic s because he can have greater  confi - fore i gn culture and determination of survey
dence in his r esult s in the light of available requi rements  in that cul ture.  Second , it is
tech niques of research , appropriate bod y of often not feasible to enter  the country under
theory,  and tool s of processing and evaluation. stud y for field research .  Many countr ies  are
Second , however , is the fact that the potential unders tandably reluctant  to allow forei gners
user  of research products who is faced with to probe the psycholog ical sensit ivit ies of
the com plex problems of understanding and their populations , and such research is out of
in f luen cin g social dynamics wants  specific in-  the question in potentially hostile countries.
format ion directl y re lated to all as pects of In addition , if the selection of consultants
his activity.  As Riley and Cottrel l  pointed is done in such a way as to permit  a rela-
out , “The hard-headed user of research has tively high degree of confidence in their re-
little patience with the defining of abs t ract  sponscs , the assumption can be made that the
types , or with mathematical models of in te r-  consultant himself , f rom his fund of knowl-
action , despite the resear che r ’ s need of all edge and experience , does per for m an initial
such tools.” In this paper , we propose to processing for factors relevant to the prob-
outline briefly the sys tem of data processing lem at hand.
and evaluation u sed by the SORO staff in deal- The procedure  for  optimal selection of
ing with one such problem in overall social area specialists as consultants  mus t  meas-
dynamics.  Specifically,  our task  is to prepare ure several factors .  These include:
practical studies of the dynamics of forei gn a, Amount of experience in the area Un-
cultures as they relate to intercultural  com - der stud y:
municat ions in general and specifically to the Howlon g the specia list  has spent  in
problem of the conduct  of psychological op- the area
erat ions in ef for ts  to influence these cultures.  How r ece nt his  conta ct was
One of our f i r s t  problems was to develop a What  the reasons  were for  the spe-
research desi gn which would be conducive to c ialis t ’ s pr esence in the ar ea
both scientific reliability and cultural validity. Geographer

Two approache s to the problem are pos- Anthropolog is t
sible . The f i r s t  would be to conduct field Eng ineer
studies in the subject cul ture.  The second Bus inessman
would be to sys tem atically tap the rese rvo i r  M i s s i o n a r y
of experience of area special is ts .  The second , G ove r n ment ser v ice
area specialist or consultant  approach , was What  type and degree of contacts
selected for a number of reasons .  Presented wi th the people did the spec ia l i s t ’ s
below are the reasons  for this  approach , a n int e r es ts  in the area pe r mit  h im
outline of the specific procedure used and an b. The quality o f . -xper ience in the area:
evaluation of the s t rengths  and weaknesses  Has the specialist published mate -
of the procedure .  rial on the area

How is his work regarded by his
colleague s

K i l e . y ,  J eehn W., Jr . e nd Cot,,, II , l r ’onard S.. Jr . ‘Ke ~ e’~ re I, lee r  What is his  capacity for verbal iz ing
P-.y r hol o5 ic. I W~er I ~ee e - ,’ Public Op inion  Qu .rterl y, Vol. 21 , No. i his experiences and observations
(S pr in s 95 7) , pp. 149-ISO. in the area
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c , Capacity to understand and respond to ~~ th re levant  in format ion  f r o m  his fund of
the s t ruc ture  of the r e sea rch  exper ience . As with the ques t ionnai re , the
project :  well prepared in te rv iew will, produce the best

Can he share  the f rame of r e fe rence  resu l t s .  The in t e rv iewer  must  have a f i r m
outlined for the project  unders tanding  of the in format ion  required ,

Can he make meaningful and con- and the abili ty to ar t icula te  clearl y these re-
s i s ten t g e n e r al i z a t i o n s  which are qu i remen t s  to the consultant.  In addition , he
d i r ec t ly applicable to the practi - mus t  be able to emp loy both non-di rec ted  and
cal co mmunica t ions  problem focused i n t e r v i e w  techni ques , and he mu st

Or , on the othe r hand , does he lack know what types of informat ion a re  most
focus  f or h i s  ideas , pr ec ision in readily e licited by each.
his s ta tements ;  does he tend to Finally,  consul tan t  panels are a useful
ove r - genera l ize  r e sea rch  techni que.  Experience has shown

T h - s e  are the checks the researcher  has that a small group of consultants work ing  to-
on his  consul tants  individually.  More will be gether is an excel lent  means of reviewing,
said shor tly on c ross -check ing  informat ion consolidat ing and evaluating research infor-
r ece ived  f r o m  numerous  consultaots so as to mation . Panels are  somewhat less useful  at
reduce  the danger  of unwarranted  bias , deve lop in g the necessa ry  raw factual data.

In prac t i ce , the selection of consul tan ts  However , g roup  “b ra in -s to rming ” sess ions
is never  comp 1ete .~ Initial selection is made are a useful  means of drawing out a variety
on the basis of the bac kground informat ion of subjective impress ions  for  group verifica-
the potential  con sul tant  su pplies to us.  Con- t ion.  The respons ib i l i ty  of the researcher
sultants are  added to or dropped f rom the conducting the panel operation is to see that
project  as subsequent  in terv iews are con - the group does not s tray too far  f r o m  the
ducted and information is processed. In gen- subject at hand , whi le  a t  the same t ime  g iv-
er al , howeve r , eve ry eff or t is made to r etai n in g panel member s th e f r eed om to pu rsue
the very  best  consul tants  with the widest va- new avenues and exper iment  with new ideas.
r ie ty  of exper ience and d ivers i ty  of field s of Admit tedl y, the cond uct  of such f ree -whee l ing
in te res t  in suff ic ient  numbers  both to supply ope r ation s still r ema in s mo r e an a r t than a
and to c ross -check  information in each sub- scientific techni que , but the value of the re-
jec t  category.  suits should not  be underes t imated , as long

Three types of research procedures  can as the informat ion thus obtained is “proc-
be used in the consultant approach to data essed” for its credibil i ty,  for  its rel iabil i ty,
processing and evaluation. They are: ques- and for its degree of error,
tionnaires, individual consultant interviews , It should be poi nted out that , of course ,
and consultant panels. none of the techniques of collecting and proc-

Questionnaires are a good means of :ol- essing information as out lin ed abo ve are  new ,
lecting initially a great amount of raw mate- and a number of research groups have been
rial which may be m o r e  or less relevant to using various combinations of these tech-
the subject. Although they are a seemingl y niques for the stud y of forei gn cu l tu res  f rom
sim ple device , they do in fact  require con- afar .  Now I propose to d i scuss  specifically
side r able skil l and in sight of those develop- how SORO uses  consultants  in in tercul tura l
ing them.  A good ques t ionnai re  must  have communica t ions  research  as but one example
two ba sic character istics . It mus t  have an or one set of combinat ions  of these technique s .
i n t r od uct ion  which care fu lly ou t l ines f or the
consu l tan t  the in format ion  required in the SORO USE OF CONSULTANTS IN INCUL-
ques t ionna i r e  and how this in format ion  will TURAL COMMUNICATIONS RESEARCH
be p e r t i n e n t  to the overal l  problem of the
pro jec t . Second , the questions within the Stated briefl y ,  our psycholog ical operat ions
ques t ionna i re  must  be worded so that  the con- research task is to identif y and select poten-
sul tant  cont inues  to see and focus upon the tial audiences in a fore i gn culture , anal y z e
inf o r m a tion re qu i r ed by the r e sea rche r,  their particular predisposi t ions , ass e s s  thei r
Seeming ly ex t raneous  ques t ions  may throw potential usefulness , and develop id eas fo r
the consu l t an t  off for the remainder  of the messages and appeals to be directed at them
ques t i onna i r e .  Needless  to say , the better for  the accomplishmen t of severa l  goals of
the cli-sign of the ques t ionna i re , the more di- psychological opera t ions .
rectl y r e l e v a n t  wil l  be the informatioi- 1 r e -  The selection of special audiences for  a
ceive d f r o m  i t .  study involves  the following steps:

Individual  consul tant  i n t e r v i e w s  can and 1. A tentat ive l ist  of potential  audiences
sho uld be u sed f or se v eral  purposes .  The is organized by the research staff f r o m  the
interview gives the researcher  the opportu - available l i terature.  The l is t  is reviewed
nity to assess  the competence and poss ible and amended by the consultants .
ut i l i ty  of the consultant .  Also , it i s an cx- 2 . This  revised list is then submitted to
cellent way to introduce the consul tant  f i r m l y the consul tants  who are asked to rank order
to the ’ s t ruc tu re  and procedure of ,e r e sea rch  independent l y the potential audiences for  each
task so that he will be able to respond quickl y of three  c r i t e r ia :

88

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~. ~~ ~~~.. .. -



a. Effec t iveness , the degree to which The f inal  task of the stud y i s to deve lop
the audience can influence the a ims , informat ion  on the cultural f ac to r s  in the
objec tive s, and capabilities of their countr~, which are relevant to the communi-
country .  cations problem , and on the media f ac i l i t i e s

b. Susceptibi l i ty,  the degree to which which are available w i th in  the c o un t r y .  Con-
an audience is likely to be influ-  sultants are asked to contribute their  ins i gh t s
en ced by psycholog ical operations.  on these areas on a series of q u es t i o n n a i r e s .

c, Oppor tuni ty ,  the relative possibil- and the mater ia l  received is reviewed and
ity the audience offers  the commu-  amended by a panel of addit ional  consul tan ts .
nicator for  the achievement  of h is
goals of psycholog ical operat ions .  SUMMARY

3, Each of these three sets of consultant
rankings  is then analy zed to det e rmine  the W ithin the short  t ime alloted f or the d elivery
rel iabi l i ty  of the jud gments .  A correlat ion of this paper , an a t tempt  has been made to
of the independent  jud gments  is obtained by indicate the pragmatic value in using know!-
using Kendall’ s coeff ic ient  of concordance , ed geable consul tants  both as data r e sources
which is outlined in Siegel’ s Non Parametric and as in te rmedia te  p rocessors .  Throug h
Sta t is t ics .  Wi th  this coefficient , it can be the va r ious  checks for  rel iabil i ty and by the
de t e rmined  whether  the obtained co rr elat ion u se of a r elatively large number  of consul-
is s ta t is t ically si gnif icant . If the correlat ion tants of d ive rgen t  in te res t s  and vary ing  ex-
is not si gnificant  at the .05 level of confidence , perience , both extensive and subtle informa-
then the individual Spearman rho coefficients tion is secured and bias is held to a minimum.
between each possible pair of jud ges is corn- Thus , the process is one of f i l t e r ing  data so
puted to de termine  whether one or more con- that what emerges  is hig hly re levant , demon-
sultants may have misunderstood the ins t ruc - strabl y reliable , and of presumed validity.  It
t ion s or used a d i f f e r en t  f rame of re fe rence  must  be said , of course , that in social science
for  his  jud gments .  t e rms  it is the cultural validity of the data

4 . When the research staff is satisf ed so processed that is most  lii question. We
with the reliability of the consultant judg- cannot really check the validity u.cti l some
men t s , a selection is made of the most  f r u i t -  later period of time when we can see whether
ful audiences for  the purposes  of psychologi- our f indings  are , indeed , accurate . The re-
cal operat ions.  Consultant  assign men ts ar e sea r ch is sy stematic , eff ic ient  in t e rms  of
then m a d e f o r d e s c r iptions of these audiences.  both time and money,  and has hi gh data pay-

5. Finall y, a panel of consultants is con- off . Since , however , no a t tempt  is made to
vened to review the descr i ptions and support-  systematical ly check the validity of f i nd ings
ing informat ion , add information as neces-  within the actual cultural context it mus t  re-
sa ry , and clarif y any apparent contradict ions.  main subject to quest ion.  Never the less , in

As soon as audiences a re se lecte d , con- more human t erms , confidence in the va l id i t y
sul tants  are  asked to develop ideas for  rnes- of the f indings is high and der ived both f rom
sa ges which can be directed at them, Message the quality cri teria used on consu l t an t  selec-
develo pment and evaluation follow these steps: tion and f r o m  the data p rocess ing  which has

1. Using  a specially designed quest ion- been briefl y and perhaps ov~~r - s i m pI y de-
naire , the consultant  is asked to develop an scribed to you .
idea which would appeal to the predisposit ions Both the completed repor t s  produce-cl
of the audience and lead to or re inforce  the under this process  and the p rocess  i t se l f
de sired audie nc e atti tude or be havior . Cul- have been subject to review by A r m y  u s e r s
turall y the co n sul tant  is en cou raged to thi nk in and by in te res ted  social s c i en t i s t s .  Desp i te
t e r m s  of speci f ic ideas , language and symbols. inevitable and warran ted  c o n s t r u c t i ve  c~~iti-

2. These ideas for  appeals are then sub- cism on f o r m a t  of p r e s e n t a t ion  and con ten t ,
mi tted  to a number  of other consul tants  m dc- both rev iewer  and user  react ion has re-
pendent l y who are asked t o dete r mine which main ed cons i st entl y favorab le .  Social sci-
i deals the y be l ieve  a r e pe r suas ive , which a re ent is ts  of internat ional  repute have been im-
not pe r s uasive , an d whic h might ha ve a nega- pressed by the use of known techn iques to
tive or boomerang e f f e c t  with the audience for examine in broad brush  strokes the dynami c s
which it is intended. Each consultant then of a culture from a distance. The comment
ranks in orde r those ideas he jud ges pe r -  has been made that such a project would have
sel asive.  seemed infeasible g iven the present  ‘ st a t t -  of

3. The consul tant  evaluations are then the ar t”  in the social sciences had not SORO
processed by our s ta f f .  First, any appeal devised the par t icular  approach here  de-
icl ias j ud ged by any  consul tant  as not pe rsua-  scribed.
sive or as having a potent ial l y negat ive  ‘f-
f e c t a r e  d iscarded.  Of the remaining  appeals , CONCLUSION: NEED FOR
the ones selected for the stud y are those which ADDITIONAL RESEARCH TECHNIQUES
all consul tants  had agreed were  persuasive
and had pisced them in the top half of their  We have alread y noted the stop-gap na ture
pe r suas iveness  r a n k i n g s . of the research  we a re  doing.  We have noted ,
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also , the need to bring measurable validity Freidson , Eliot, “Communications Re -
to the research, These problen~s call for search and the Concept of Mass ,” AMERICAN
methodological studies in support of our SOCIOLOGICAL REVIEW , 18 (June 1953) ,
p resen tac t iv i t i e s— stud ies  which will provide pp. 313-317,
ul t imately the means of fur ther  sys temat iz ing  Guttman , Louis. “An Outline of Some
our data processing and , even more impor- New Methodology for Social Science Re-
tantl y, which will g ive us the measure  of valid- search ,” PUBLIC OPINION Q U A R T E R L Y ,
ity which we need. To some extent , these 18: (Winte r 1954-55) , pp. 395-404.
s tu dies(which are already underway at SORO Hyman , Herber t , SURVEY DESIGN AND
on a very limited scale) will merely rein- ANALYSIS: PRINCIPLES , CASES , PROCE-
force  that which we are now doing. They may DURES . Glencoe: Free Press , 1955.
also , and hopefully they will , provide new McCormick , Thomas C . and Francis , Roy
techniq u e s f o r  data collection and process ing  G . METHODS OF RESEARCH IN THE BE-
which we are  not now using. Experiments are HAVIORAL SCIENCES , New York:  Harper
now being planned , for  example , to work with and Bro the r s , 1958.
indigenous peoples available to us to see if Mead , Margaret and Metraux, Rhoda
we can both collect data and verif y the valid- (eds.).  THE STUDY OF C U L T U R E  AT A DIS-
ity of data alread y collected. TANCE . Chicago: Univers i ty of Chicago

There is f u r t he r  need to examine and Press , 1953.
refurb ish  the tools of cultural survey re-  Riley, John W, , J r .  and Cottrell , Leonard
search ,  New techniques and new combi- S., J r .  “Research for Psychological War-
nations of older techniques are needed to fare ,” PUBLIC OPINION QUARTERLY , 2 1:1
meet the requi rements  of intercultural  re- (Spring 1957) , pp. 147-158.
search. Rose ,Arnold M. THEORY AND METHOD

Finally,  and it mus t  be understood tha t IN THE SOCIAL SCIENCES. Minneapolis:
th is  listing is suggestive and by no means Universi ty  of Minnesota Press , 1954.
exhau stive , more basic research in commu- Schwartz , Morr is  S. and Schwartz , Char-
nicat ions processes within cultures is needed lotte Green. “Problems in Partici pant Ob-
to give us more r eal i s t i c f r ameso f  reference servation ,” AMERICAN JOURNAL OF SO-
and models. CIOLOGY , Vol. 60 , No. 4 (Jan.  1955), pp.

343-353,
Siegel ,Sidney. NONPARAMETRIC STA-

BIBUOGRAPH Y TISTICS FOR THE BEHAVIORAL SCIENCES.
New York:  McGraw-Hill , 1956.

Ackoff , Russell L. THE DESIGN OF SO- Stouffer , Samuel A. “Some Observations
CIAL RESEARCH. Chicago: Universi ty  of on Study Design ,” AMERICAN JOURNAL OF
Chicago Press , 1953. SOCIOLOG Y , Vol. 55 (Jan. 1950), pp. 355-361.

Bennett , John W . e~The Stud y of Cultures: Stouffer, Samuel A . SOCIAL RESEARCH
A Survey of Technique and Methodology in TO TEST IDEAS: SELECTED WRITING S.
Field Work ,” AMERICAN SOCIOLOGICAL New York: Free Press , 1962 .
REVIEW , Vol. 13 (December 1948) , pp. 672- Young, Pauline V. SCIENTIFIC SOCIAL
688 . SURVEYS AND RESEARCH: AN INTRODUC-

Campbell , Donald T. “The Informant in TION TO THE BACKGROUND , CONTENT ,
Quantitative Research , AMERICAN JOUR - METHODS , AND ANALYSIS OF SOCIA~~
NAL OF SOCIOLOGY , Vol. 60 , No , 4 (January STUDIES. (3rd ed.) New York:  Prentice-
1955) , pp. 339-342 . Hall , 1956 .
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4B. IN FORMATION ASSIMILATION FROM
COMMAND SYSTEM DISPLAYS

Seymour  Ringel . Charles II. Hammer and
Fran k L. Vieino

( LS. Army Personne l Researc h Office
Washington. l).C. 20315

BACKGROUND 5. specification of effective individual
and group work methods and techniques

Technolog ical advancements have led to in- 6. procedures for ident i f ica t ion and as-
creased speed , mobil i t y , and destructive si gnment of appropriate personnel to c r i t i ca l
power of mi l i t a ry  operat ions.  To permit  positions .
commanders  to make tactical decisions con-
si sten t with r apid and serious changes of
events , it is essent ial  that informat ion on CRITICAL MAN-MACHINE
m i l i t a r y  operations be processed and used FUNCTIO NS IN ARTOC
mor e eff ec t ively than ever  before .  To meet
t his need , the Army is developing automated The ARTOC wil l  receive vast amounts of in-
sy ste ms fo r recei pt , processing,  sto r age , re-  formation fr om many and varied sources.
t r ieval , an d dis play of d i f f e ren t  types and The information varies  widel y in content .
vast amounts of mili tary  data. Witness  the form , and degree of completeness. Further ,
command control  information system , con - the inforrnatior ’ often affects  several d i f ferent
ceived as a networ k of c r osslinked h ighl y staff groups. The raw data require a great
automated , computer ized systems , each deal- deal of handling and processing by man or
ing with specialized funct ions , and all feeding man and equi pment. Personnel will workun-
information to an automated tact ical  opera- der a wide var ie ty  of conditions rang ing f rom
tions center .  The Army Tactical Operations re la t ivel y p r e s s u r e - f r e e  to overwhelming ly
Center (ARTOC) is a prototype of such a burdensome situations . Looking at the sys-
center , tern as a whole , there  appear to be five criti-

The U. S. Army Personnel Research cal operations that man and equi pment have
Office has developed a r e sea rch  program de- to per form (Fi gure 1):
si gned to provide human factors information
which can be useful in enhancing the output
of these develop ing and future  systems . The
pr esent paper descr ibes  the scope , rationale ,
an d org ani zation of the planne d r esear ch pro-
gram as weLl as three recent ly completed i”’’’ ~~~~~~~~~~~ ~~~~~~ ,,t,~~

,,
st udies. 1

OBJECTIVES

The objective~ of the research program are
to enhance the performance of command in-
formation processing systems by providing
users , develope r s , and desi gners of current
and fu ture  systems informat ion concerning:

1. the capabilities , l imitations , and re 

-

________________
liability of human performance.

2 . allocation of funct ions among men and ~~~~~~~~~~~~~~~~ 
..c,.,

equipment
3. various modes and sensory modalities

of presenting information for assimilation
and decision making

4. the effects of characteristics of the Figure 1. Schematic representation of opera-
information displayed—amount , densi ty ,  type , tions and information flow in automated TOG.
etc .

1. Screen incoming data for pertinence ,
credibil i ty,  impact , priorit y, and routing.

mor e comp lete acceeun , eel the c o f l t en t ,  of t h ie s  paper wil l  ~~~~ 
2. Transform the raw data to prope r

in fou r  nepa r a ,e I J SA P R ( )  pu blic a tio n ., format  for input into storage devices.
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3. the t r ans fo rmed  data into stor-  need to be answered before such sys tems can
age devices  for subsequent computations and be used most e f f e c t i v e l y.
disp lays  (Fi gures  2 , 3) . As an aid in f o r m u l a t i ng  spec i f i c  r e s ea r ch

4. Ass imi la te  data disp layed (Fi gure  4). problems , qu es t ions r equ i r i n g at te nt ion  we r e
5. Decide on cour ses  of act ion based on organized  in t e rms  of t h e i r  imp l ica t ions  for

i n fo rma t ion  disp la yed and in format ion  f rom the f ive c r i t i ca l  human  i n f o r m a t i o n  p r o c es s -
o the r  sou rces .  ing f unct ions .  These ques t ions  i n t e r a c t  wi th in

Iii pl ann ing  the USAPRO r e sea r ch  pro-  each func t iona l  area and have an impact  on
g ram , the ARTOC is t rea ted  as a point of o ther  areas as well .  The p a r t i c u l a r  g roup ing
d e p a r t u r e - , a prototype of command informa-  of ques t ion s is somewhat  a rb i t r ar y , an d other
t io n process ing sys tems .  pa t te rn ings  may emerge a f te r  addit ional  re-

sea rch in t h e s e  i n f o r m a t i o n  p r o c e s s i n g
sys tems .

DELINEATING THE Since the entire automated information
RESEARCH PROBLEMS p roces s ing  sys tem is oriented toward  provid-

ing i nf or mation to the co mmande r and h i s
The major  problems in command informat ion  s taff  to a ss i s t  them in the c r i t i c a l  func t ions
process ing  systems emerge f rom a tack of of informat ion ass imi la t ion  and decis ion
ex p e r i e n c e  in the  use of such sys tems.  From making ,  c u r r en t task ac t iv i ty cente r s abo ut
an exa mina t ion  of A r my,  Navy ,  and Air Force problem formula t ion  and exp lor a tory  re-
r e p o r t s  and human fac tors  r e s e a r c h  li t e ra -  search in these two func t ions .  Questions are
t u re , and f r o m  observation of equipment and stated from the point of v iew of opti mizin g
sub-systems in operation , a number of basic accuracy, appropriateness , and speed of per-
and c r i t i c a l  ques t ions  were ident i f ied which formance  of these two func t ions .
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Fi gure  3. Example of al pha -numer ic  data e n t r y  device .

CHARACTERISTICS OF presen ta t ion .  What d isp la y or s enso ry  mo-
INFORMATION DISPLAYED da l i t i es  are best for  i n f o r m a t i o n  ass imi la -

tio n and dec i s ion-making  p u rp o s e s ?  Are
In the areas of decision making and in fo rma-  the re  some combinat ions of s enso ry  modali-
t io n a ss i mila t ion f r om dis play s of var iou s t ies  that  wou ld  en hance per fo rm ance ? What
kinds , a nu mbe r of questions revolve  around are the re la t ive  mer i t s  of group ve r sus  m d i  -

(1 ) the amount of in fo rmat ion it is poss ib le  v idual dis p lays ? Are both k inds  n e c e s s a ry
to abso rb , i n t eg ra t e , an d wei gh ef fec t ive l y; and if so , how many of e a c h ?
(2 )  the disp lay d e n s i t i e s , format , and co lors
that  ma y be best for presentat ion of in fo rma - DYNAMI C ASPECTS OF
tion;  (3)  the most appropriate combinations INFORMATION DISPLAYED
of s p e c i f i c  in format ion  and general  informa-
tion to be included in alph a - n u m e r i c  a n d s y m -  In the t h i r d c a t eg o r y  of qu e s t i o n s . t h e d ynamic
bolic dis plays (maps and over lays ) ,  an d (4) or changing aspec ts  of the i n f o r m a t i o n  pre-
the r el a t ive  eff ect iv en ess of a lpha- numer i c  sented or disp la yed a r e  em phas ize d. What
and symbolic disp la ys for d i f fe ren t  classes of combina t ions  of ra te  of i n fo r m a t i o n  updating
informat ion,  and degree of change  in an up date are  opt i-

mum for a s s u r i n g  the consp icu i t y of ch an g e
DISPLAY MODES that has occur red ? What  is the u t i l i t y  of ha rd

co py to  t h e e  ommander  and his  s t a f f  for  point-
A second c lu s t e r  of quest ions addresses  i t -  ing up t r e n d s  and provid ing  a sense  of “his  -
self p r i m a r i l y to other formal  or s t r u c t u r a l  t o ry , ” for  enhanc ing  f eedback  of i nf o rm at ion
aspects of i n f o r m a t i o n  d i  s p l a y and throug h compa r i son  of c u r r e n t  i n f o r m a t i o n
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Fi gure 4. Examp le of group di sp l a y .

w i t h  h a r d  copy of past  i n f o r m a t i o n , and f o r  in fo . mation and quant i ta t ive  e s t i m a t e s  of i ts
manua l  backup  and a l t e r n a t e  TOC p u r p o se s ?  p roba b i l i t y ?
When i n f o r m a t i o n  is a v a i l a b l e  a t a  number  of
l ev e l s  of sp e c i f i c i t y - g e n e r a l i t y  and in the  R E S E A R C H  APPROACH
f o r m  of a n u m be r of d i f f e r e n t  s ca les , a re
c e r t a i n  se qeie nc e s  of v i e w i ng  t h i s  i n f o r m a t ion  The series of studies t h a t  make  up the  r e -
b e t t e r  t h a n  o t h e r s ?  s ea r c h  p r o g ra m -- i n  p r o g re s s  or pr oj e c te d - -

h a v e  been p lan ned to y i e ld  b a s i c  h u m a n  fa ( - -

C E R T I T U D E , P R O B IB IL I TY  t or s  i n fo r m a t i o n  on the  f i v ’ -  c r i t i c - e l  f u n c t i o n s
AND C R E D I B I L I T Y  in i n f o r m a t i o n  processin g. Most  of t he  re-

s ear c h  e f f o r t  fo r  the next  few y e a r s  is  C x -  -

A f o u r t h  c a t eg o ry  of p r o ble m s  c o n c e r n s  c r e d i -  pec ted  to c o n c e n t rat e  on the f u n c t i o n s  of in-
h i l i t y  of i n f o r m . e t i o n  p r e s e n t e d  and c e r t i t u d e  f o r ma t i o n  a s s i m i l at i o n  and d e c i s i o n — m a k i ng
on t h e -  p a r t  o f  the  de c i s ion  m a ker .  Is c e r t i t u d c -  f r o m  di s p l ay s  — — u n l e s s  c i r c u m s t a n ce s  and
a n c - c e s s a r y  cond it i on  fo r  good p e r f o r m a n ce  r e s o u r c e s  i n d i c a t e  a sh i f t  in emp h a s i s  or
eve r t f me  ? W h a t  is the  re l a t i o n s h i p b -t w e - e n  b r o a d e r  e f f o r t .
ce r t i t u d e -  arid ~~- r f o r rn a n c c  ? If c er t i tu d e  is In mos t  of t he  p l a n n e d  s e r i e s , p a r a l l e l
an i m p o r t a n t  f a c t o r  in p e r f o r m i e . cn c e , can s t u d ie s  w i l l  be e. ondu ted  wi t h al ph a - n u m e r i c
c e r t i t u d e  be enhanced  t h r o ug h m n a i i i pola- a n d s ym b e e l i c  d i sp l ay s .  The c r i t e r i o n  or  pe r-
t w n  ,~f d i sp lay  c h a ra c t e r i s t i c s  ? l u  what  formar ice  n-ee ,tsu r es  w i l l  core s  i st  of one  or
ex ten t  is i t  nec e ssa r y 1r  d e s i r a b l e  to p r -  - m o r e  m e a s u r e s  ,,f ae c o r n y ,  ap pr o p r i a t e n e s s  -
se nt to the ‘-c,nienander and h i s  s ta f f  q u a l i -  tu ne , and c e r t i t u d e . l’he s t u d i e s  w i l l  i ncor -
tative statements as to r r e d i h i l  it y of t he  po ra t e ’ s u b s t a n t i ve , q u a n t i t a t i v e , q u a l i t a t i v e ,

94

p1, -.--
~ ~~~~~~~~~~~~~~~ - ‘ -

~~~~~ ‘- j~~~ Sl’.-~~ ~~~~~~~~~~ ~~ 1e~~~~. r’~~~J”~~~~~~ •~ ~~~~~ 
-I, ~ Sw. 4- ‘ - -

~ 
- -



f o r m a l , and c o n c ep tua l  a s p e c t s  of i n f o r m a -  b y a 10 s e c o n d  r e s t  pe r i o d , and then  t h e  f i n a l
t i o n  and  w i l l  s ample p r o b l e m - s o l v i n g  s i toa -  27 e x p e r i m e n t a l  t r i a l s .  A t i m e  s co re  on-
t ions  of d i f f e r e n t  comp l e x i t y  l eve l s , and s i s t i n g  o1 the n u m b e r  of seconds b e t w e e n
s i t u a t i o n s  r a ng ing f r o m  r e l a t i v e l y slow to p r e s e n t a t i o n  of the d i sp la y and the  subjec  ‘ s
r e l a t ive l y r ap id chan ges of e v e nt s , r es pon se , and an acc u r a c y  score  was obta ined

for  each t r i a l .  The re was no t i m e  l i m i t  f o r
RESEARCI-I ON I N F O R M A  l ION a r e sponse .  To avoid fa t i g u i n g  the  s u b jec t s ,

ASSIMILATION FROM DISPLAYS the  n u m b e r  of e x p e r i m e n t a l  t r ia l s  was l i m i t e d
t e ,  45 by combin ing  the com p l e x i t y and posi-

The f o l l o w i n g t h r e e  spec if i c  s tudies  have  re-  t ion  v a r i a b l e s .
centl y been comp leted.  The f i r s t  deals with Fi gu r e  5 is an exam ple of a hi gh amoun t ,
al ph a - n u m e r i c  dis p la y s , the secon d wi th  sym-  low dens i t y  to te  designed for a comp lexit y 1 ,

L bolic d i sp l a y s , and the  t h i r d  w i t h  s u b j e c t i v e  p o s i t i o n  3 q u es t i o n .  The ques t i on  a pp e a r i ng
fee l in gs of c e r t i t u d e  and accu racy  of inforrria - in the sub jec t ’ s booklet  would read , W h i c h
t ion  a s s i m i l a t i o n ,  uni t  has an ARMOR EQUIPMENT STATUS

OF 95 and is C O M B A T - E X P E R IEN C E D ? ” or
INFORMATION ASSIMILATION FROM the  r e v e r s e , s ince  the order  of the p e r t i n e n t

A L P H A - N U M E R I C  DISPLAYS e l e m e n t s  in the  q u e s t i o n s  was r a n d o m i z e d .
In the disp la y the  n u mber  95 and t ’ e words

PURPOSE C O M B A T - E X P E R I E N C E D  appear  f i v e  t i m e s
in their respective columns but onl y once ar c

The presen t  s tud y was des i gned to measure  they  matched toge ther  in the same row . Th i s
the e f f e c t s  of the  f o l l o w i ng  va r i ab l e s  on t he  row is the t h i r d  row f r o m  the  top in w h i c h
speed and a c c u r a c y  of i n f o r m a t i o n  a s s i m ila  - the  p e r t i n e n t  i n f o r m a tio n  in the r i ght hand
t ion. column appears .  The r e m a i n i n g  c h a r t  coo-

l . Amount of i n f o r m a t i o n  p r e s e n t e d  ( 1 0 ,  t en t  is randc-ml y plac ed about the  i rnbedded
18 , and 25 r o w s ) ,  i tem.  Displays  f o r  comp l e x i ty  2 and com-

2. Dens i ty  of i n fo rma t ion  p resen ted  (1 :4 ,  plex i ty  3 q u e s t i o n s  w e r e  constructed in a
1:3 , and 1:2 r a t i o  of l e t t e r  he i g ht to space s i m i l a r  f a s h i o n .  The a n s w e r s  for  a l l  ques-
be tween  r o w s ) .  t ions  appear~ d in the left  hand column.  The

3. Pos i t ion  or locat ion of d e s i r e d  i n f o r -  d i sp lays  fo r  comp lexi ty  2 q u e s t i o n s  were  de-
mat ion  (5 po s i t i ons  f r o m  top to bo t tom of si gned so t h a t  f ive  i d e n t i c a l  e l e m e n t s  in one
sl ide),  c o l u m n matched up with fou r ident ical  ele-

4. Comp lexit y ( 2 , 3 , or 4 col umns to be men t s  in another  and one e lement  in a t h i r d
s e a r c h e d ) .  c o l u m n .  In the d i sp l a y s  fo r  the comp lexi t y

leve l  3 , f ive iden t ica l  e l eme nts  in one column
METHOD matched  up wi th  four  i d e n t i c a l  e lements  in a

second co lumn , t h r e e  i d e n t i c a l  e l e m e n t s  in a
The samp le of It )  s u b j e c t s  used  in the  s t u dy  t h i r d  c o l u m n , and one e l e m e n t  in a f o u r t h
c o n s i s t e d  of 10 p r o f e s s i o n a l s  f r o m  the co lumn . Thus f o r  a l l  comp l e x i t y  l e v e l s  onl y
USAPRO s ta f f , 10 o f f i c e r s  w i t h i n  the com-  one row of i n f o r m a t i o n  in a to :e  c o n t a i n e d  a l l
pany g rade  l e v e l , and 10 hi ghl y s e l e c t e d  en-  the  p er t i n e n t  e l e m e n t s  in the i n f o r m a t i o n
l i s t e d  men.  The e xp e r i m e n t  was conduc ted  in r eque ’s t .
a li glet proofed  room equi pped wi th  r h e o s t a —
t i c a l l y c o n t r o l l e d  o v e r h e a d  i n d i r e c t  l i ght fix-
t u r e s .  A 3 5 m m  300 watt  s l i d e  p ro j ec to r  was RESULTS
used with a rear view p r oj e c t i o n  s c r e e n .  A
desk chai r for  the  sub jec t  was placed 5’ in An anal ys is  of v a r i a n c e  and o ther  anal y ses
f r o n t  of the  s c r e e n .  The s iz e  of t he  p ro jec ted  of the data y ie lded the f o l l o w i n g r e s u l t s .
image was 40”  x 45” . I ’he he i ght  of a l e t t er  1. As amount  of i n f o r m a t i o n  i n c r e a s e d
or number on the screen was 118’ , from 10 to 25 lines the mean sea rch  t ime  i n -

W h e n  the s u bj e c t  was sea ted , a c h a r t  or c r e a s e d  a p p r o x i m a t e ly 4 seconds , an i n c r e a s e
tote was p ro j ec t ed  and the  abbrev ia t ions  used of a p p r o x i m a t e l y 24% (Fi gure  6).
in  the  c o l u m n  hea d in g s w e re  exp lained. Then 2. The vary ing levels of density had n o
he was g iven  a booklet  co n t a i n i n g  i n s t r u c t i o n s , ef f ec t  c,n s e a r c h  t i m e  (Fi gu re  7) .
p r ac t i c e  q u e s t i o n s , and e x p e r i m e n t a l  ques.  3 . P e r t i n e n t  i n f o r m a t i o n  p laced  in posi-
t i o n s  on m i l i t a ry  ac t i v i t i e s .  The e xp e r i -  t io n s  n e a r  the top of the  d i sp lays  was loca ted
m e n t e r  r ead  t h e  i n s t r u c t i o n s  a l o u d  and  t he  ap p r o x i m a t e l y fou r  s econds  f a s t e r , t h a n  in-
subj e c t  was aske d to read a long  wi th  h i m  f o r m a t i o n  in pos i t ions  nea r  the bottom of the
s i l e nt l y. The s u b j e c t  was to stud y a question disp lays , a difference of approximatel y 22%
f o r  15 s e c o n d s ;  th~’, a slide w o u l d  be pr o -  (F i gu re 8).
j e  ted and  he was to , a l l  out t h e  an s w e r  as 4. An i n c r e a s e  in t he  number  of co lumns
soon as he found  it on t he  s l i d e . A f t e r  t he  s e a r c h e d  f r o m  two to f o u r  r e q u i r e d  approxi-
i n s t r u c t i e , n s  w e r e  read  t h e  e xp e r i m e n t e r  ad-  mate l y six addit ional seconds of search  t i m e
m i n i s t e r e d  n i n e  p r a c t i ce  t r i a l s  f o l l o w e d  b y ci per c o l u m n , a to ta l  t i m e  i n c r e a s e  of approxi-
p a u s e , th en 18 e xp e r i m e n t a l  t r i a l s  f e , l l o w e d  ma tel y 10 0% (Fi gu re 8).
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0011 Imcr 1~~ IFT $10500 OIl ~~~1~~ T
001? WCAYIOI

~~~~D $51111 ~~~ 011 TU IrP ~~~IYITT

25 00 DIV TI 11 OCT 62 10000 60 80 95 75 Ol~~I~J1C I ~~~~AII

21 100 DIV PT 30 62 13000 90 90 85 95 ATTh~~ 11C PIll! ACTIOI

28 100 DIV PT 30 ~~~! 62 14000 75 85 60 75 *DVAICI00 8~~I17T 5100*11

22 100 DIV $5. 21 OCT 62 13000 90 95 90 85 A11 00J80 P1151 ACIICI

34 1111 DIV PT 50 400 62 12000 75 95 $5 $0 5~~UIIIC FIll? ACTIOI

1$ lIP DIV 81 14 OCT 62 15000 95 90 80 93 F*P~~ IlC I~~~~IA31 U1I 8TA1I~~

— 17 lIP DIV PT 30 _ . 62 11000 90 73 90 $5 AJIVASCI$0 ~~UA11 USI!TAIIl

25 100 DIV II 14 OCT 62 15000 65 73 75 $0 SIPI00IIC SWSPY I11RAIN

*4 lIP DIV 81 14 808 62 11000 90 85 90 75 S~~C001IC 0101 38*02.!

23 II? DIV LD 19 SIFT 62 12000 90 80 75 90 *31*02.150 OIISAT UF00IENIlD

26 1117 DIV LU 19 JULY 62 U000 95 95 95 75 [*P~~~ I50 8101 38*01.1

33 ISP DIV XL 21 JULY 62 11000 85 90 95 90 WVAICIIC OSIIAT W11100 (*D

24 13(7 DIV LD 19 AUG 62 15000 85 95 $3 80 Arl0~~1IG 1101 I8*AL!

42 13(7 DIV XL 21 JULY 62 12000 75 75 75 75 ADVAIICI00 8101 IIJL4U

35 III? DIV Xl. 21 OCT 62 11000 80 85 90 85 501111180 (31(8*? UP1lIlI~~~

36 IN? DIV TI 11 AUG 62 13000 75 80 75 90 001800 180 P21ST ACTIOI

30 IN? DIV II 14 JULY 62 14000 75 80 80 80 *51(800. 100 53510’! 1111*111

41 18? DIV 10 19 ~~~. 62 12000 80 80 85 95 A08AICIOC IWIAIV USI!T6111

20 lIP DIV 11 11 SIFT 62 12000 85 90 80 85 Af!MII* 5330*4?! TUIAIN

29 1117 DIV PT 30 62 14000 80 75 95 05 I*7~~~ IIC 0101 P8*AL!

32 18? DIV TI 11 SIFT 62 11000 85 85 95 95 8011(83100 38*11*5! 115151 *101

31 10? Dfl’ 2.0 19 ASIC 62 13000 95 95 80 80 ATTA01I00 (3111*? W11153101D

16 IN? DIV II 14 SIFT 62 15000 95 80 95 90 AT?A01IIG P182? ACTIOI

43 II? DIV TI 11 ADO 62 14000 95 75 75 95 *51(84(8-INC IICr*8AT! 818181*501

27 IN? DIV XL 21 JULY 62 13000 80 85 90 90 SQWIIC ~~ 4IAT 11P1111101D

Figure 5. Friend.Ly Tactical Units Statue Tote

Figure 5. Friendly tactical units status tote.

IMPLICATIONS information can be packed fa i r l y ti ght in to

A an alpha-numer ic  disp lay without any appre-mount ciable loss of eff iciency in ass imi la t ion .
The 4-second (24%) increase  in search time Thus , it may be feasible to present more than
suggests  that some thoug ht be g iven to the one tote on a slide. For examp le , some of
amount  of i n fo rma t ion  used in the dis plays. the totes may ordinari ly be related and con-
For those d isp lays f r o m  which information ta m considerably less informat ion than
must  be rapidl y ext rac ted  and ass imi la ted  an others .  More than one of these low amount
optimal number  of lines will need to be de- totes couldbe placed on the same slide which
t e rmined  th roug h a tradeoff  with time. If could r e su l t  in a saving of display storage , a
t ime is not a c r i t i c a l  f ac to r  more  than 25 possible reduction in the number of displays
l ines mig ht be u s e f u l l y p resen ted  at one t ime,  called f rom storage dur ing a given t ime pe-
The e f f e c t s  of an i n c r e a s e  beyond 25 l ines , n o d , and a reduct ion in the total informat ion
however , should be s tud ied  before  any impli -  a s s imi la t ion-dec i s ion  process .
ca t ions  are  drawn for  an opera t ional  si tuation.

PositionDenssty

The absence of d i f f e r e n c e s  in search t ime  as The percentage d i f ferences  in t ime between
a func t ion  of dens i ty  cha nges  sugges t s  that position 1 vs position 4 and posi t ion 2 vs
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Figure 8. Mean time at each comp lexity and
position (each column mean based on 270
observations).

0 
~~ 25 position 5 ref lec t  the procedure , as reported

Num ber of z~ines by most subjects , of searching the display
from left to ri ght and top to bottom. These
results  may have imp lications for operational

Figure 6. Mean time at each search procedures , formatt ing,  and place-
amount (N = 450). ment of information in the totes.  For exa m-

ple , it may be possible to capitalize on
“natural” or optimal scanning techni ques (in-
c rease  consp icu i ty ,  increase confidence , re-
duce search time) by appropriate placement

25 of new and important information in updated
totes.

Complexity

The large percentage increases in time as a
_ function of increased levels of comp lexity re-

f lect not onl y the time spent in searching the
disp lays but the time spent in r e f e r r ing  back
to the question booklet as well . With a longer ,
more comp licated information request , sub-15 jects  reported that they had to spend more

* t ime checking the ori ginal question and then
rechecking their answer before they re-
sponded. Improved formats  for stating in-
formation requests may reduce the amount of10 search time required.

The Experimental Task

The experimental task of searching for in-
5 fo r mation in vary ing numbers of rows and

columns in relativel y static alpha-numeric
displays may be one of the least diff icul t  in-
formation ass imila t ion act iv i t ies  that people
will  be required to perform in operational

o I Command Systems. Other studies that wil l
~~~~ be conducted will require the recall of infor-

mation no longer on disp lay or available or
the recognition that information is missing,
changed or added , and the integration of in-Figure 7. Mean time at each formation in decisions.  As elements of simu-

dens i ty  (N = 450). lation , these variations in task might produce
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d i f f e rences  among den sit y levels , and .greater S’s in each group were seated 15 feet f rom
di f f e r ences  among levels of amount , position , the viewing screen and were  presented the
and complexi ty ,  as wel l  as di f ferences  among slide material  simultaneousl y. This per~
levels  of other per t inent  var iables .  mitted group data collection and provided

some simulation of a tact ical  operations cen-
INFORMATION ASSIMILATION ter .  Four amount levels of 12 , 16 , 20 , and 24
FROM SYMBOLIC DISPLAYS elements per slide were  presented.  Follow-

ing the presentat ion of a slide with one of the
PURPOSE four amount levels , a second slide , essentiall y

the same as the f i rs t  slide except with 2 , 4 ,
In up dating mi l i t a ry  overlays , d i f ferent  de- 6 , or 8 e lements  removed , was presented .
grees of change occur .  The purpose of this Each group received all 16 amount x elements
s tu dy was to de termine  the effects  of the fol-  removed combinations in d i f ferent  o rders .
lowing variables on accuracy of information The S’s were  allowed to view the f i r s t
ass i mi la t ion,  slide for~~ne (1) minute.  At the end of this

1 . Amount of in format ion  presented (12 , t ime they were  shown the second slide of the
16 , 20 , and 24 mil i tary unit f lag symbols) . pair for one ( 1) minute. Their task was to

2 . Number of symbols removedin  a sin- de te rmine  which flags were  miss ing and to
g le updating (2 , 4 , 6 , and 8 f rom each amount),  c i rc le  the miss ing  flags on the appropriate

page in the i r  booklet. After  they circled the
METHOD miss ing flags they were to show how cer ta in

or uncertain they felt about the co r rec tness
The type of flag symbol used is shown in Fig- of their  answer  by circl ing one of the ph r a s e s
ure  9. The slides with image area 4’ x 6’ on the eight (8) point scale on the bottom of
were rear -projected  on a 8’ x 10’ screen, the page. They were given approximately
The S’s work area was i l luminated by an in- one ( 1) minute to answer and had to work
d i rec t  overhead lamp, rheos ta t ica l ly adjusted independently.
so that they had enough light to read the re-  The S’s responses  were  analyzed in
sponse sheet , to reduce the poss ibi l ity of t e rms  of accuracy and types of e r ro r s .  Two
af t e r - images, and yet not i n t e r f e r e  with the type s of er r o r s  were defined. When the S
presen ted  image. The symbols when pro-  circled a symbol that was not removed in the
jec ted  on the screen were  approximately 2.33 second slide he had made a Type C e r ro r
by 1.38 inches.  ( e r r o r  of commission) .  When the S failed to

T h i r t y - t w o  S’s w e r e  randomly divided circle a symbol that was removed in the
into eig ht groups of, four  S’s each.  The four second slide he had made a Type 0 e r ro r

( e r r o r  of omission). An accu racy  score was
derived which took into account the two types
of e r ro r s  committed.

The formula used was:

Number r ig ht
Accuracy = x 100

Number rlght + Type C +
Type 0 er ro rs

The accuracy scores were used as the
uasic data for the anal ysis  of var iance.

The data collected f rom the ei ght point
scale on how certain or uncertain the S felt
about the correctness  of his answer , was
anal yzed as part of another stud y which wi l l
be described next ,

RESULTS

1. Accuracy of information assimilat ion de-
creased approximately 3 percentage points for
each additional symbol included in a sing le
slide presentat ion.  A degradation in accuracy
f rom 85% with 12 symbols presented to ap-
proximately 48% cor rec t  with 24 symbols pre-
sented was found (Figure 10).

2. The number of symbols removed
in a sing le slide updating did not affect  the

Figure 9. Stimulus fields of accuracy of information assimilat ion (Fi g-
12 and 24 symbols.  ure  11).
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Figu r e  10 . Mean accuracy at Figure 11 . Mean accuracy by
each amount,  elements removed.

3. The number  of symbols removed did Futu re  studies canthen inc lude types  of e r r o r
affect the type of error made. As more sym- as a performance m e a s u r e ,
bol s were removed increasing ly more  e r r o rs  4. Information assimilation may be en-
of omission than e r r o r s  of commission were hanced by t ra ining in the more succes s fu l
made (Fi g u r e  12). methods of organizing and retaining changes

4. Individual s were found to differ ap- result ing from up dating.
preciably in their ability to assimilate the
presented information. Various methods
were  used in organizing and retaining the CERTITUDE JUDGMENTS
pre sented information. AND INFORMATION ASSIMILATION

FROM DISPLAYS
IMPLICATIONS

PURPOSE
1, Effor ts  should be made to determine the
ope r at ional ut ility of presenting minimal Accuracy of information assimilation may be
numbers of military elements in a sing le onl y part of an adequate proximate cr i te r ion
map or overlay dis play by (a) informational for evaluating the effectiveness of various
analyses and empirical studies to determine displays used in decision making . Feeling s
the information needed for the commander ’s of certainty about that accuracy, to the extent
decisions , (b )  representing log ically grouped that certi tude and accuracy are  less than
military element s as sing le symbols , and perfectl y related , may ult imately p lay an im-
( c )  the use  of color-coding , multi-sensory portant role in the formation of decisions .
displays , etc.,  to increase the informational The present  study was conducted to deter-
capacity of sing le military symbols. mine how accuracy of information assimila-

2. Information updating of the type and tion and two display variables (amount of
extent included in this study (number of mili- information presented and extent of informa-
tary flag symbols removed in a sing le slide tion changes introduced in updating) ,  relate to
up dat ing)would not be expected to impair in- a man ’s certi tude or confidenc e in that ac-
formation as similation in proposed Command curacy.
Information Processing Systems.

3. Ways of evaluating the relative seri- METHOD
ousness (consequences) of misinformation
represented by different  types of e r ro r s  in The method in this study is the sam e as out-
battlefield conditions should be investigated, lined in the previous study.
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4. An increase  in the numbe r of symbols
/ C i8S100 removed in a single updating does not result

in a decrease in cert i tude when the number
removed is equal to or exceeds the number

I:: 
which remain (Figure 14).

11~~~~IIt. a.~~,s 8
6

Pt~ ,r. 12. *.n lz’ros’. by Il nt. R~~ ved

Fi gure 12. Mean e r ro r s  by
elements removed. 1+ -

RESULTS

1. As the numberol  symbols in a sing le slide
are  increased , mean accuracyand  mean cer t i -  3
tude tend to decrease together in an approxi-
matel y straight line fashion (Fi gure 13).

2 Figure 14. Mean certi tude by amount.

5. There is li t t le consistency among in-
1 dividuals in regard to whether they are more

certain or less certain than warranted about
the accuracy of their  answers .

N 
~~~~~ ,~ ,~ ~ 6. Individuals differed si gnificantly in

the degree of cert i tude they expressed about
their accuracy of assimilation.

Figure 13. Relation of certitude to accuracy. 7. There is a higher relationship between
certitude and e r ro r s  of omission (r = -.57)2 . As the number of symbols removed than between certi tude and e r ro r s  of commis -

in a sing le sl ide updating increased certi tude 8ion (r = - .46).
tended to decrease inithe absence of any
change in accuracy (Figure 13). IMPLICATIONS

3. An individual’s feelings of cer t i tude
about the correctness (accuracy) of his in-  I .  Certitude can be affected by a display
formation assimilat ion from symbolic dis- variable which has no effect on accuracy of
plays is not a reliable indication of hi~ actual information as  s i m i 1 a t  i o n .  Consequently,
accuracy (r = .52). efforts to enhance displays in Command
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Information Processing Systems should focus 2 . Both the amount of information pre-
on disp lay charac ter i s t ics  which increasb not sented and the amount of change in a sing le

onl y accuracy of information assimilation but slide updating should be kept as small as
the confidence one has in this accuracy,  pend- feasible because this would tend to generate
ing de te rmina t ion  of the degree of re lat ion-  the highest degree of cer ta inty  and it is at
shi p of both cer t i tude and accuracy  to e f f e c -  this level that accuracy most near ly coin-
t iveness  of decision making. cides with cert i tude.
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4C. ADP BREVITY CODING - DESIGN OF COMPATIBLE
INFO-TRANSFER VOCABULARIES BETWEEN PERSONNEL

AND PROCESSORS OF THE FI ELDATA SYSTEM

R. E. Packer

A u t o m a t i c I ) a t a  l’roeessing Dep ar tment
11 .S. Arm y Research and Development A ct iv i t y

Fort  I lua ehu ea . Ar izona

INTRODUCTION in fo rma t ion  r equ i r e m e n t s  and i ts  input-output
pat tern.

Computers process information in b inary-  The Intelligence sub-system , wi th i ts
based bits. Humans process information in broad need f o r  comprehensive  storage of all
grammar-based phrases . Tofacilitate inter- kinds of data , f r o m  Enemy situations to
communica t ion, some in t e rmed ia t e  language Fr iendly troop locations and guerrilla lead-
structures are obviously needed. ers , is work ing  out an ex tens ive  vocabulary

Machine languages modified toward hu- of variable-length code terms within a f rame-
man intelligibility are under extensive de- work of minor tags and major tags designat-
velopment: FORTRAN, COBOL , ALGOL ing intelligence categor ie s. Even some un-
and others are broad-purpose , log ically- abbreviated phrases are retained for storage
s t ructured programer vocabularies.  But hu- as “Plain Text.”
manlanguages modified toward the computer The Fire-Suppor t  sub - sys t em, with a
are being developed only where large appli- prime need for speed of input and processing
cati ons involving many non -p rog ramer  per -  of ballistic equations by its computers, is
sonneldemand  it. These are special-purpose putting together much shorter sets of “ cue ”
psycholog ically- s t r uc tu red  v o c a b  u 1 a r i e s designators of only one to three letters . Most
which mu stbr idge the remaining gap between of the se a r e un in telligible to non-arti l lery
the machine-s lanted  “compi lers” and con- pe r sonne l, but are quickly learned by the
ventional h u man phraseology,  variou s f i re  support teams—battal ion,  f i re

The two prime requirements  of such “in-  command , survey,  forward observer and other
terface language ” are its brevity(to conserve personnel for whom they are designed .
computer memory and processing) and some The Logist ics sub-system coding re-
sor t  of mnemon ic  coding ( to  conserve  human flec ts  its main concern with standardized
intelligibility). Therefore , the creation of ca tagor iz ing  of thousands of routine i tems.
thi s new class of words and phrases has been It uses short , pseudo-arbitrary one and two-
designated “brevity coding. ” An eff ic ient  digit brevity codes and sequential s t ructure
interface  vocabulary is essential to the de- similar to that in any manual filing or inven-
velopment of practical new ADP - human tory system.
systems — s u c h  as CCIS-70,the Army ’s long- The Personnel and Administration sub-
range project  for  an automated field Corn- system is creating a brevity vocabulary with
mand Control Information System by 1970. chronolog ical order ing ,  standard accounting

abbreviations and newly formed keywork
BREVITY CODES designators of personnel  his tory data.

OF THE FIELDATA SYSTEM The brevity code for each sub.rsystem ,
i t is se en , demands an individual structure.

CCIS-70 uses the Fieldata family of mobile Yet each must  be reasonably intelli gible to
computers.  Unfortunately ,  while the binary any human assigned to the sub-system with
machine codes in standard Fieldata are log i- minimum initiation into its particular hiero-
call y l imited to 128 combinations (that is , 2 glyphics. And each must be compatible with
to the 7th power) of its seven permissable the code sets of the other parts of the inte-
bits , the human code s for  information content grated Fieldata Sys tem , with the standard
are limited only psychologically to the liter- word-length of the computers , and with the
ally thousands of al phanumeric  combinat ions  line length , type cases , page pr in t ing  lay-out
of English letter-number spellings in six and display capaci ties of the sy stem ’s periph-
characters—the practical length of a word in eral equi pment.
the sys tem.  So , the development of workable
and consistent brevity coding sets for Fieldata PRINCIPALS OF
has hardly been a closed-end task. BREVITY CODING

Each of the four sub-systems of this
project  has evolved i t s  own work ing  set of Let’ø discuss  the formation of code s for
brevity t e r m s  according to its particular brevity in genera l , and then some specific
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guide l ines  for creat ing code t e r m s  for human Let’s look at some examples of each
in te r face  with f ie ld da ta -processors .  formation pr inci ple taken f rom current  usag e

Cryptography is the most popularly- and from Army Fieldata sub-system working
known Field Army coding act ivi ty.  Its object vocabularies:
is to make data as unintellig ible to humans
as possible. But Brevi ty  Coding must make 1. Complete Retention
data as easily and rap idly intelligible to hu-
mans as possible. It is a sho rthand conver-  a) LAND SAVE HIT
sion of the redundant and not-always-log ical THI N MAP AID
English language into the res t r ic ted  frame- b) RATIONS “ FOOD
work of computer programing formats .  PERSONNEL-+T ROOPS +MEN

If a b rev i ty  vocabulary is for an ADP
system o p e r a t e d  by a small , hi ghl y- When the data element is already a sin-
experienced technical staff , the te rms can be g te , short raw languag e word , its computer
extremely brief , arbit r a r y  and consistent  format  convers ion  may be unneces sa ry .  At
with the computer ‘sown internal organization. times , a synonym can be used to reduce the
If , however , the system must be operated in te rm to more efficient processing length;
the field by a large team of tactical  personnel , for example , instead of Personnel in en-
whose training is in specialities other than t renchments , simply MEN DUG-IN .
the programing of computers , then the codes
must  be easily recognizable by persons with 2. Cue Substitution
brief o r ien ta t ion—regard less  of the additional
requirement s for indexing , prog raming and a) Key word:
memory  modules. ATTAC H (Number of attached duty days )

Similarly ,  any individual brevi ty t e rm b) Word part:
that is used throug hout the tactical ADP sys-  MEDIC (Medical Personnel )
tern repetitively may be brief and machine- JAM (Radio/Elect ronic  Jamming )
compatible.  But the term that is rarely us ed c)  “Combo” word:
and has a comple x connotation mus t  be man- NEXKIN ( N e x t-o f - k i n )
compat ible—ful l  of as many mnemonic asso- NONUC (Non-nuclear  weapons )
ciations as possible in its compact spelling . d) Slang term:

Brevity codes for computer-human in- AMMO (Ammunition supp ly )
t e r face  are  simply new members in a large PAD (Launching P la t fo rm)
and ever-growing famil y of verbal shorthand:
conversational slang (l ike “O.K. ” ),  nick- These near-word expressions “capsu-
names (l ike “Ike”) ,  newspaper headline sym- lize ” a meaning into a sing le key or “cued”
bols (like “JFK” and “ K ” ) ,  bureaucrat ic  m i -  aid to human recall; their strong , short ef-
t ialese , alphanumeric brand names—and ficienc y often makes them more common than
innumerable  other active brevi ty  sets, the orig inal , awkward phrase they replace.

Most of these expressions are created
informally or even haphazardly. But nearly 3. Syllabic Trunc ating
all can be analyzed as being formed accord-
ing to one , or a combination of , these seven a) ID (Identification)
principles: ALT (Altitude)

CHUTE (Parachute)
THE PRINCIPLES OF SUB (Submarine)

BREVITY CODING b) INTRO , MEMO , PSYCHO , MAG-TAP E

In Sy llabic Trunc ating either the initial
~~. C~ r i p e e  Retention (or shor t  synonym) or key syllables of a word are used , with
2. Cue Subs t i tu t ion  (abbreviated meani ng)  vowels retained , for preserving the distin-
3. Sy llabic Trunc ating (abbreviated sound) guishing sound of a word or phrase. Some
4. Consonant Telescoping (abbreviated fo rm)  t runc ated words , such as “memo” and “ sub”
5. Acronym String ing (initial let ter  se r i es )  have even made the standard dict ionaries,
6. Character  Desi gnation (s ing le mnemonic ) One danger in t runc ate coding is the possible
7. Al phanumeric Ordering (a rb i t ra ry  

~~~~~~ 
confus ion of tu rn ing  DOCUMENT into DOG

bots) and having it output f rom the man-computer
system as MEDIC ; or of converting MAR -

These patterns of code make-up are SHAL L int o MARSH and having it come out
listed in descending order of their  adherence as a SWAMP.
to the ori ginal Eng lish word or phrase which
they are  meant to represent .  4. Consonant Telescoping

Normal  Telescoping :a colonial Ya nkee npel l i n g  oI 0I1 Ko~ e r t ’ ,~ univer ~ aIl y a)  MN FLD (Minef ie ld )
used. TLR ( T ra i l e r )
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HMSPHR (Hemisphe re )  When a sing le mnemonic  charac ter  is
RDBLK (Roadblock) made to “ stand for ” a whole phrase , i t is

Compression: very economical in heavy repet i t ive proc-
b)  CMCTR (Communicat ions  Cen te r )  essing by a computer , but ra ther  hard on

FWD (Forward)  human readabi l i ty .  (You ’ll notice that I now
HDLG (Handling ) must wr i te  the meaning of a t e rm beside it ,
FTR (Fi g h t e r )  sinc e you cannot possibl y guess  it f rom the

scant , out-of-context  mnemonic element . )
In Consonant Telescop ing , b rev i ty  is To the specialist working dai l y with these

achieved by extract ing all internal vowels , extremely brief symbols , however , they are
and at t imes even compressing the cons onants readil y intelli g ible.
to onl y those that create  the dist inctive shape
of the word and thus imply its deleted parts.  7. Al phanumer ic  Orde r ing
Notice that in ex t reme compressions the inci-
dental consonants dispensed with a re the  corn- A - i  top quali ty
pletel y silent ones (such as “g h” in Fig h t e r ) ,  4-F phy s ica l l y unfi t
the “ quiet ” on es , such as “ r ,” the plurals , dou- B- 12 a new vitamin
ble le t te rs , typ ica[ “tion ” ending s , and so on.

By this final princi ple of brevity coding —
5. Acronym String ing the f a r thes t  one from human languag e orien-

tation , numbers and le t ters  and symbols are
a) FFEAMC ( Fire for Effect  at my Command)  a rb i t ra r i ly assigned to l ists  of data element s

FEBA (Forward Edge of Batt le  Area )  in some systematic sequence—chronolog ical ,
SON AR (Sound Navi gational Rang ing ) alphabetic , dimensional and so on. Obviously ,

b) DASTARb (De~ t royer  Ant f .Sub Trans-  it is best suited to large quantities of very
portable  Ar ray  Decoy)  rout ine  i t e m s — s u c h  as in ven to r i e s .

FALT (Fadac Log ic Tester ) But even this a rb i t ra ry  coding has re-
HAWK (Homing Al l - the-Way Ki l le r  mis- sulted in some consis tent  new “cue t e rms ”

su e) commonly intellig ible to most Americans .
c)  MP FM GI TV In a g iven special system , they become corn-
d) PERU (Product ion Equi pment Records manl y used among the personnel so uncon-

Unit ) sciousl y that a newcomer often find s explana-
tions of the system so confusing ly s tuffed with

The word “ acronym ” is f rom the Greek them as to make the supposed “explanation”
for “ti p-name.” This init ialese--first  letter unintelli gible. At such a time the human in-
or f i r s t  sy llable c h a i n s — i s  probably the most tel li g ibilit y of brevity coding becomes of g la r-
common current  abbreviation techni que for ing importance to training .
phrases; particularly inthe government .’ An As a matter  of fact , if every Field Arm 1
example of such pseudo-puns:  “DASTARD” brevi t y code was as widel y understood as
for Des t royer  Anti-Sub Transportable  Array  “A - OK ,” or perhaps as cer tain 4- let ter
Decoy . Anglo-Saxon profani t ies  very  l i t t le  training

With recent  popular iza t ion  of “Al phabet in reading ADPcode formats  would be needed.
Eng lish” hundreds of in i t ia l - formed codes
have been del iberate l y cont r ived  into new
words .  Some are universa l ly understood and PROBLEMS IN BREVITY
their  beg innings  as an acronym forgot ten , CODE FORMATION
“ radar ” and “ snafu ,” for instance.  In other
words , they have evolved into excel lent , ef- Althoug h your  own problems in cons t ruc t ing
uicient “unique ident i f ie rs” needing no con- intell ig ible brevity codes will be dist inct ,
v e r s i o n  or defini t ion r in te l l i g ibi l i t y , here  are some samples of ours  to show you

A minor  diI f icult ~ in i n i t i a l - s t r i ng ing is what to expect:
the chanc e of c o n s t r u c t i n g  a leg itimate te rm 1. Authorized in i l i t  a r y abbreviations
alread y having a conflicting meani ng --such should be used when possible. But many are
as “PERU —not a count ry ,  but a “Production too long , co nfus ing  or even confl ict ing among
Equi pment Records  Unit . ” themselves .  (There  are  t h r e e  to five differ-

ent spel l ings for official abbreviations of
6. Character  Desi gnation some forei gn countries .)

2. Any new te rm must  be compared with
C - Compute Fire Command official t e rms  and newl y created ones from
S - Send Fire Command other FIELDAT A working groups to make

- Serial Number  su r e  they don ’t have the same spelling with
D - December a d i f fe ren t  meani ng or a d i f fe ren t  spelling for

the same t e rm,
• - . 3. The new te rm must  meet these re-( .omputers and Au,om.,r,nn ma+az,ne is ,pc,osoc ,ng a dr ,ve aga inst . .  . .

()Al. PAS KR—s hor, for the lie of Ou,I.,n,Iish Acronyms to Label strictions rn FIELDAT A coding , programing
Pr , j e , t - .  and A~ ,ivj t ,e~ by th,,,e wh,, S),,,sI,f Know Ij etter. and equipment :

104

- 
- ‘ -~~ 

- . ~~ *J3~~~~~~~,- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F~c~~~” ~~~~
‘ 

~~~ 
- ‘ — -

~
, , —



a. should not exceed 6 charac te rs  Public Relations , Lexington 73 , Mass. , March
b. should not beg in with numera l  15th ‘62 , 13 pp.
c. must  not contain cer ta in  punctua- ACM Report  3867: Orchard-Hays , Wil-

t ion symbols  h am. Assoc.  for Computing Machinery  Com-
d. s h o uld n o t  depend on upper - lower puting Review , May 1963 , p. 81

case le t te r  fo nt cont ras t s  for its Computer  language genera l i t ies  exp lained for
meaning the non-special ist ;  their  impact on man-

e. should not contain more or less machine intercommunication.  (For  full  arti-
c h a r a c t ers than fe llow t e r m s  when d c  see Scienc e_Technology No. 12 , Dec. ‘62 ,
in a f i x e d - l e n g t h  f ie ld of them pp. 33-4T)~~f. should  be in te l l i g ible wheti  printed “Acronyms Dict ionary ,” Gale Research
on input consoles or special read- Co .,  Book Tower , Detroit  26 , Mich. ,  1960 ,
out dials and windows , 210 pp.

In addition we have developedmany spe- “Authorized Abbreviations and Brevi ty
cial  purpose  techni ques for the psycholog ical Codes ,” AR3ZO-50 .  Cur ren t  princi pal list of
packing of our short in ter re la ted  brevity vo- official Army designators
cabula ry  with meanings related to each sub- “Codes of the Fire Support and Intelli-
sys t em.  For example: BARTY , DARTY , and genc e S y s t e m s  with C o m p a r i s o n  to
CARTY for Battal ion A r t i l l e ry ,  Division AR3ZO-50 ,” AAI S Memo , 31 May ‘62 , ADPS
A r t i l l e r y , and Corp  Ar t i l l e ry .  Fort Huachuca , Arizona

We ’ve also done some small controlled “Dict ionary of Common Abbreviations ,”
t r a i n i n g  tes ts , us ing  twenty enlisted men , on Merr iam-Webs te r , Spring field 2 , Mo.
60 pairs  of s u r v e y - t e a m  brevi ty  terms-- to  “Dictionary of U . S. Army Terms ,”
de t e rmine, for  ins tance , whether  a consonant AR3ZO- 5
abbreviation “altlf” or a syllabic abbrevia- Do you Talk “Computerese ,” edited by
tion , suc h as “ a i f rog, ” could be most easily E . A. Murphy ,  J r . ,  Minneapolis-Honeywell,
learned and retained as the su rvey  input code 1960 , 24 pp.
for “ a l t ime t ry  by the leap-f rog  method. ” “Human Factors in Brevity Coding ,”

The re su l t s  are  detailed i n R ep o r t 7 o- 5 6 , R . E . Packer , Report No. 70-58 , SE Dept ,
l i s t e d  in my bi b li og r a phy. In general , as you ADP Section , Fort Huachuca , Arizona
can now guess , these tests  indicated that “Human Factors Test of the Fire Sup -
brev i ty  codes are  more learnable the closer port System Survey lnput Code ,” R. E. Packer ,
t he i r  spel l ing and psycholog ical connotations Report No. 70-56 , SE Dept.,  ADPS , Fort
approach s h o r t , pronounceab le  r e a l - l a ng u a g e  Huachuca, Arizona
t e rms .  “Intelligence Subject Codes and Area

Th is p a pe r giv e s  onl y a b r i e f  in t roduct ion Class i f ication Codes ,” U . S. Intelligenc e
to our  own pa r t i cu la r  problems in creating Board , Committee onDocumentation, January
inpu t -ou tpu t  vocabularies for a tactical  field 1962. General Recommended Intelligenc e
data processing system. The whole progress  Class i f icat ion System
of automated indexing , f i l ing , and re t r i ev ing ;  “Mi l i t a ry  Symbols ,” FMZ1-30 , Dept. of
and disp lay ing or abs t rac t ing information is Army , Headquar te rs , May 1961. A manual
rap idl y making demands for a fuh l  set of guide- for “ guidanc e of personnel using symbols on
l ines  not onl y for  bui lding individual artificial operations plans , orders , maps and overlays ”
words , but also for an ent i re  new syntactic “Scientific and Technical Abbreviations ,
con s t r u c t i o n  of i n t e r f a c e  g r a m m e r, class and Signs and Symbols , ” by 0. T . Zimmerman
sub -c lass designato r s , and format  S t ruc tu re s  and I rv in  Lavine , Industr ial  Research Serv-
that will make more compatible , accurate  and ice , Dover , N. H., 1949, 541 pp.
int e l l i g ible  the increas ing l inguist ic  inter-  “Topographic Symbols ,” U . S. Army,
chang e between peop le and processors .  FMZ1 -3 1

“USAAMS Abbreviations ,” U. S. Army
A r t i l l e r y  & Missi le  School. Published by

BIBLIOGRAPHY Off ice  of Asst. Commandant , Fort Sill , Okla. ,
1 Apri l  1962

‘ABRAC AD ABRA ,” ap amphleton ~~~bre-  “World  List of Abbreviations of Scien-
viations and Related Acronyms Associated t if ic , Technolog ical and Commercial  Organi-
with Defense , A s t r o nau t i c s , Business , and zations ,“ But t ress , Leonard Hill Lint ., Lon-
Radio-e lec t ronics , by Raytheon Co., Off ice  of don , 1960 , 300 pp.
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4D. HUMAN FACTORS CONSIDER ATIONS IN ARMY’S
MULTICHANNEL CARRIER SYSTEMS

EMPLOYING PULSE CODE MODULATION

H arold F. Ruekhee and Peter Z a k a n v e z

U.S. Arm y EIet ’tr on~c~ He~eareh and Development L.aboratory
Fort Monmouth , New Jeri~ey

INTRODUCTION TO PCM established a trend indicating that transmis-
sion will be dominated by dig ital t raf f ic  in

The purpose of the Army ’s new multichannel the future .  PCM is the most efficient method
ca r r i e r  system using t ime d iv is ionmul t iplex- of handling this type of t raff ic  since it pro-
ing (TDM) and employ ing pulse code modula- vides the best performance over most types
tion (PCM)’  is to provide a medium t raf f ic  of t ransmission facilities , and achieves the
( l Z/ Z 4 channel) andah igh t r a f f i c ( 48/96 chan- aim of flexibility by meeting the major i ty of
nel)communicat ions network.  These systems commur,ications requirements  with a sing le
which will be used over radio relay , twin do- type of system , Figure 2.
axial cable ci rcui ts , or a combination of both , This digital system has performance
are capable of t ransmit t ing voice , teletype , superior  to any other multichannel means of
facsimile , and di gital data to provide high communication. The transmitted digit al sig-
quality t runk  communications in the corps nal has hi gh immunity to noise and is m dc-
and army areas . This multichannel PCM pendent of channel loading. The si gnal may
system represents  a significant contribution be regenerated and re t imedat  repeaters with
to mili tary communication networks , no increase in noise , c ross talk , or distort ion

The new system was developed by Ray- with increased system lengths , i.e. , it pre-
theon Company under the technical guidance serves hig h quality (noise- f ree)  communica-
of the U . S. Army Electronics Research and t ions along its many long dis tance links.
Development Laboratories.  The equi pment
is the latest completely t ransis tor ized corn- HUMAN ENGINEERING
munication system offering the largest  num- CONSIDERATIONS
ber of telephone channels in the smallest
equipment per channel size ever constructed Mock-ups of all areas throug hout the entire
for army tactical field use. It will add a nec- research and development cycles  were made
essary flexible telephone communications and evaluated , keep ing the man-machine corn-
r ietworkcompatible with equipments presently plex as an ever present desi gn considerat ion.
in the field. All areas which in any manner affected the

The human factors eng ineering in this operator were g iven close attention. The
car r ie r  system contributed great ly to its most si g nificant of these were the installa-
success.  Each design area required con- tion , maintenance and testing requirement s
stant coordination and planning to insure  that ( integrated test  fac i l i t ies . )
a good operator-machine relationship was
established and maintained. Throug h these Installation
effor ts , a reduction of greater  than 50 to 1 in
physical size , wei ght , power drain , and heat The rnultichannel PCM system was developed
dissipation , and in increase in ease of usage , to meet the mobile communications require-
reliability,  and flexibil i ty was achieved. To ments of the modern field army.  To best
i l lus t ra te  the reduction in size , a comparison meet these needs , the system was desi gned
of the 48-channel termi nal can be made with for installation in a small mobile shelter
its forerunner , Multiplexer Set AN/TCC- 15 , (Figure  3) which could be transported by
Fig u r e  1. t ruc k or helicopter.  Thus affording rap id

The increased use of computers and field installation throug hout the corps and
data processing equipment s and the commu- army areas.
nication needs of weapons systems have The success of the PCM equi pment s in

meeting the mobility requirements  is due
mainly to the exclusive use of t r a n s i s t o r s  and

‘T ime Division Multip lex ing is a method of sharing a number of semiconductor diodes which rep laced the
channel s i gna ls m a  t ime frame , w here each channel in allotted a high—heat—genera t ing  tubes and reduced thespeci fic time slot ,n the time frame te lat ive to a reference or syn- . -
c hronization si gnal. Pulse Code Modulation s form of modula- power requirements of the ear l ie r  equip—
n o n  in wh ich t he amplitude of the waveform no he transmitted is ments.  With improved ci r c u i t ry ,  a drast ic
converte d t o  a number and the number is transmitted in the form of reduction in unit size and weig ht was poss i—
pulses. ble (Fig u r e  1). Since the PCM system is
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48 CHANNE L PCM MULTIPLEXE R S

P A S T  F U T U R E
1 9 5 5  19 6 3

( T U B E S )  t T R A N S I S T O 1 I Z I D ~A N / T C C -1 5 A N / T C C — 4 6

_ __t
T I —  2 1 1

E U I P I ( N T  - M U L T I P L E X E R  SET  A N / T C C - 1 5  Mu IT I P L  I HR T D - 3 5 3
M U L T I P L E X E R  TD - 2 0 2

W h O R l  — 1 1 0 0 0  L B S  . . • 1 6 6  L B S

POW E R CONSU MPT I ON — 1 2 0 0 0  WATTS . n • 2 20 W ATTS

V O L U M E  — 5 4 7  CU. FT.  . n , 6 C U.FT.  “B’

Fi gu r e  1. C o m p a r i s o n  of m u l t ip l e x e r  sets  A N / T C C - 46  and AN / T C C - l 5 .

TYPICAL PCM SYSTEM

r~~~i_ _r~~~i_ _r~Th__
TELEPH ~~~~~~~~~ I RF RE RE

TERM W4AL L~~!~4TERJ REPEATER TERM *IAL
I I REPEATERS AT 30 NILE INTERVALS I

lT0 8 ~~~~ I 
______

l~MULTPLEXI 1 RADIO RELAY M.LT1PLEX
E u E P rFV os- 240 MILES-—-—— O~ °‘~QtNP~~NT

TEFem4a &j  
~

cos~~c1~~ CABLE

r°~
9
~~~

T
~i ~~~~~~~~~~~~~~~~~~~~~~~~ER 

_ _ _FACSIMILE 
UNATTENDED CASLE REPEATERS AT 

FACSIMILE
I MILE INTERVALS Wfl’ H ATTENDED CASLE
REPEATERS AT 40 MILE INTERVALS

50Th COMBINED RADO Rae AND CABII SYSTEMS ARE POSSSLE — -

RADIO ANALOG ORDER WIRE LIMITS THE SYSTEM TO 8 HOPS
CABLE ANALOG ORDER WIRE LIMITS THE SYSTEM 10 6 HOPS

Fig u r e  2. FCM oy st e m .

s m a l l e r  in  s i ze , it is housed  in a sm a l l er  i~i v e s  th e ave r~tc e s ize  opera tor  s t i f f c i e n t
s h e l t e r  which  im posed s e v e r t I  desi gn re-  space to s tand , stoo p,  or kneel  be twee n t h e
st r i c t i o n s , in  vi ew of the  l i m i te d  operator  v e r t i c a l  wal ls  formed by the  equi pment . In
wo r k i n g  space and equ i pment  occes sab i l i t y .  accordance  wi th  e s t a b l i sh e d  human  f i c t o r s
The sh e l t e r i n s t a l l a ti o n re qu i r e d  m o u n t i ng  eng i n eer ing p r a c t i c e , an a c t u a l  sh elt er was
t h e  eq ui pments  in ve r t ica l  radio r e l ay  r acks  used  w~th wooden eq ui pment  mock-ups  to
l i n i n g  opposing s ides  of a c e n t e r  a is le  30 enable  the sol ut ion  of m a in t enance  and c able
i nches wide and 63 inches  hi gh. This  a is le  layout  p rob lems .  For e x a m p le , t he c a b l e
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entrance and interconnecting panel were
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ placed approximately waist hig h for eas e of

handling the many cables , as shown in Fig-

A design res t rain t , imposed by the user
specified forward echelon maintenance an

A.. . operation by semi-ski l led personnel  with

plifl

~

on ofcheck

~

p

~

ce

~

res , reduction

number of controls , basedon continuous anal-

changes which permit a::ernbl y a:d ali gnment
of the 48-channel terminal in 15 minutes by

- ,. 
- one man. Earlier eng ineering test model s

required 100 to 150 minutes for assembly and
— -

~~~~~~~~~~ —- alignment by one man. It is also expected
- - that the time for unit and maintenance train-

ing will be reduced by a ratio of 10 to 1 and
Figure 3. Radio relay PCM operator training possibly by a ratio of 15

terminal site, to 1.
FRESH AI R

INTAKE
PATCH PANEL

OVERH EAD LIGHTS TEST SET

N.5.

1~~~~~~. •
•.
~~~~

~~~~~~~L 
‘
~ 

. Ii
INP UT 

. .
.~

HEATER

AC INPUT

Figure 4. Left aide of PCM shelter.
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Due to the shelter restr ict iohs placed regeneration, and retiming along the remote
upon the system and the operator , a compro- cable links achieved in comparison to its
misc of the ideal design had to be made. The forerunner  is shown in Figu re  6.
design goal was to build units  li g ht enoug h to
be handled by a sing le operato r (in the order Table 1
of 45 pounds or less) .  Mostof  the equi pment Comparison of Cable Repeatersunits were  52 pounds or less , except for two
items which were 100 and 137 pounds and AN/TCC- 11 TD-206these required two men for installation. The
size limits , however , were  achieved and a 70 lbs WEIGHT . . . . 4 lbs.
complete 48-channel system with its asso- 1.8 cu. ft VOLUME . . . 0. O Z7 c u .  ft.
cia t ed signaling equipment can be mounted 15 watts POWER . . . . 0. 18 watt s
wit hin a sin g le 3/4-ton shelter .  The only very 5-3/4 mile .USE every mile
tool required  in the instal lat ion of any unit in Yes ALIGNMENT . No
the re lay  racks  is a common sc rewdr iver .
This allows the operator to quickly establish A t ypical method of the PCM cable sys-
a p a r t i c u l a r  terminal  (Fi g u r e  5) of in te r— tems flexible installation is illustrated in
change units to establish a new terminal.  The Figure  7. The modular packing case slung
interconnecting cables required in the sys- beneath the helicopter contains ten miles of
tem instal lat ion enter the respective units cable and nine TD-206 ’ s (unattended re-
via the front  panels , sinc e rear surfaces peters) .
which are mounted f lush  against the shelter
wall a re  inaccessible.  Each cable termi-  Maintenanc e
nates in a quick disconnect connector which
is mechanical ly coded to prevent  erroneous A measure of the efficient use of any system
inser t ion  and requ i res  less than 360’ rota- is the amount of down time for normal mai n-
tion for installation. A pattern of connectors tenance . The reduction of the time “off the
was established to  prevent the cables f rom air ” is of major concern in any military sys-
dra ping over  control  areas and were func- tern , particularly in one whose purpose is
tio nall y grouped to aid the operato r in hook up. field com munications , and it becomes even

Fur ther  flexibility in the system instal- more critical when the system is to be oper-
la t ionis  provided by the desi gn of the coaxial ated by personnel with little or no previous
cable system which allows the long rang e technical training . It is therefore  necessary
terminal  interconnections to be performed to provide a reliable system automated to the
by helicopter.  A~ comparison of the size re- greatest  possible extent. Human factors ef-
duction of the cable repeater , which provides fort  in this area was notable.

Figure  5. PCM terminals .
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Repeater , Telephone AN / T C C - 1 I  . Restorer , Pulse Form TD-206

Figure  6. Compar ison of F DM ( A N / T C C -l l )  and PCM ( T D - 2 0 6 )
unattended cable repeaters .

For example , sequential flow of opera-
- tional checks and maintenance procedures ,

including the normal  l e f t - to - r ig ht , f ront- to-
—V rear , and clockwise rotational s equences , are

F incorpo r ated throug ho ut. Controls associated

W - with a common function are grouped and lo-
cated in s imi la r  areas on each unit.  Thus ,
an operator  , once famil iar  with any one equip-

_______ ment in the system , r eadi ly adapts himself  to
the ent i re  system. Visual aids are provided_______________ by a pic tor ia l  ins t ruct ion chart  secured  to

____________ 
the upper surfac e of the chassis whichis  ac-
cess ible  when the chassis is partially with-
drawn f rom its equi pment case (Fi gure  11) .

/ This location is especiall y suitable when the

/ operator  is performing maintenance checks
as the chass is  must  be par t ia l ly wi thdrawn

~~~~~~~~~~~~~~~~~ ( t h r e e  i n c h e s )  f rom the equipment case to
gain access  to the plug- in  subassemblies.
Dur ing  normal system operation , the chart
is not nece ssa ry as all p r imary  controls  are

- mounted on the f ron t  panel and readily acces-
sible to the operator.  Each subassembly is

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

~~~
- JL L .,,,,~~~ permanent ly marked to identif y its function

and to serve  as r n  aid in cross referencing
its proper  locat “n within the chassis (Fi g-
ures 8 and 9). However , to minimize human

— er ro r , marking and color coding are not re-
lied upon exclusively. The subassemblies
are individuall y coded by mechanical stops to
insu re  that a positive and correct  installation

Fig u r e  7. Pay-out  of PCM unattended has been made. Each separable item is fur -
cable repeater.  ther  provided with lead- in  guides or slides to
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Repeater , Telep hone A N /T C C - 1 1  Res to re r , Pulse  Form TD-206

Figure  6. Comparison of F D M ( AN / T C C - l l )  and PCM ( T D - 2 0 6 )
unattended cable repea ters .

For example , sequential flow of opera-
- tional checks and maintenance p rocc dures ,

• • .~~~~ including the normal l e f t - t o - r ig ht , front-to-
rear , and clockwise rotat ionalsequences , are

- • incorporated throug hout. Controls  associated

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

with a common function are grouped and lo-
cated in similar areas on each unit. Thus ,

• • an operato r , onc e famil iar  with any one equip-
• ment in the system , readil y adapts himself to

the entire system. Visual aids are provided
/ - •, by a pictorial  ins t ruc t ion  chart  secured to

- the upper sur face  of the chassis  which is ac-
cessible when the chassis  is part ial ly with-
drawn f rom its equipment case (Fi gu re  11) .
This location is especial l y suitable when the
operator  is pe r fo rming  maintenance checks
as the chassis mus t  be part ial l y w i thd rawn
( three  inches)  from the equi pm ent case to
gain access to the plug- in  subassembl ies .

- During normal system operation , the chart
is not necessary as all p r imary  con t ro l s  are
mounted on the front  panel and readil y acces -

• _________ sible to the operator.  Each subassembly is

~~~~~~~~~ 
- - -j  permanently marked to identif y i ts  funct ion

-
~ 

- ~~- and to serve as an aid in cross re fe renc ing
_____________________________ 

its proper location within the chassis (Fi g-
- - ures  8 and 9). However , to minimize human

- e r ro r , marking and color coding are not re-
lied upon exclusively. The subassemblies
are individual ly coded by mechanical stops to
insure  that a positive and correc t  instal lat ion

Figure  7. Pay-out  of PCM unattended has been made. Each separable item is fu r -
cable repeater.  ther  provided with lead-in guides or slides to

110

.. • 
~• I -~~5 , ~~~~.-

• . • . - 
~~~~~~~~~~~~~~~~~~~

-- —‘---- --- ~~~~_ ••



- additional test equipment , ins t ruc t ion  books

3 S I M

11~~2~lo~~ U:n s e i th: ::all

- 
‘ fectiveness is degraded.

- The multichannel PCM system was de-
signedto  eliminate the complex links involved
in the operator-machine relationship. Equiv-
alent and necessary  functions performed by
the usual support equi pment s were built in

Figure 8. 12 channel multiplexer TD-35Z. each of the PCM units , thereby creating a
hig hl y automatic and reliable system , without
adding substantially to the equipment size ,
cost or complexity.

Throug hout the design of the PCM equi p.
ment s an attempt was made to create a sys-
tern requiring as little operator participation
as possible. Whenever the operator was
neededto per form certain adjustments or in-

• ~~~~~ puts , the tasks were kept simple and in log i-
cal sequence. Go-No-Go indicators , audible

~~~~~~~~ and visible alarms make possible the imme-
diate location of faul ts . Due to the systems

• ability to operate semiautomatically,  the op-
• • ~ 

erator is not required to be in ful l  attendance ,
~~ , but is f ree  to move abo ut the shelter and per-

- 
fo rm other tasks .  The audible alarms serve
as a method of alerting the operator that the

• system requires his attention.
- All of the check out and maintenance

procedures are contained in an ins t ruc t ion
char t  (Fi gure  11) which is securely fastened

• to the top sur face  of the chassis for quick ac-
cessibility and referenc e. The check out ,
operation , and maintenance procedures are
so simp lified that operation and maintenance

- are easily done with speed and accuracy by
an averag e operator.

If a failure is indicated by the visual and
auditory alarm system , the operator merely
goes to the fu nction switch and selects the
function indicated by the alarm. Each check

Figure  9. Plug-in printed circui t  position is color coded and associated with an
panel lA l 4 / Z A I 4  decoder 1. identical color area in the check-out meter

which is located adj acent to the switch to re-
aid the operator during rep lacement or main- duce scanning time. If the meter reading is
ten~ nce procedures.  These desi gn fea tures  within a color zone matching the color band
have made it possible to t r a in  operators in of the check position , this function is con-
days where theretofore  training required sidered operational which indicates that the
weeks , equipment is not at fault but that the system

has lost this function at a. different terminal
Integrated Test Facilities location. Further trouble shooting facilities

are available behind the front  panel. The in-
A common pract ice in the design of complex tegrated service facility is Located on the rig ht
electronic equipments is the creation of units side of the chassis and is accessible from th e
which perform a specifi c function or group of side with the chassis partially withdrawn
functions , thus making them dependent upon from the case. It is used to checkout the in-
additional facilit ies for alignment , testing dividual plug in panels and dc voltages. The
and t rouble  shooting . Should fa i lures  occur , m e t e r i s  used to pin-point a faulty panel. U pon
the services of trained technicians , and establishing the area at fault , the operato r

i l l

— _________________
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Figure  10. External test equipment vs integrated test facility for 12 channel system.

T able 2
Comparison of External to Integrated Service Facilities for 12 Channel System

External Test Meters  Integrated Service Facilities

Oscillo- Oscil- Multi— Built Inscope lator meter

Cost - $ 800 400 90 400
Weight — lbs. 50 15 15 5
Volume - Cu. Ft. 1.6 0.6 0.3 0.06
Trainin g requirements *Skilled technicians #operator type
E qui pment Alignment t ime *45 m m .  #4  minutes
Operational Checks - t ime *30 mm . #2  minutes
Fault Location - t ime *30 to 60 m m .  # 2  minutes
Availability of Test Eqpt Not available at site always
Faulty test equipment Rep lace test equi pment rep lace plug-in panel

*Func t i ons  p e r f o r m e d  by s k i l l e d  te c h n i c i a n s  # F u n c t i o n s  p e r f o r m e d  by operator  t ype

e i t h e r  r ep a i r s  the  f a u l t  by ad j u s t i n g  a local  o p e r a t i o n  and maintenance personnel  at tacti-
c o n t r o l  or by rep l a c in g  the e n t i r e  s u b a s s e m-  cal  f o r w a r d  e c h e l o n s  in the combat zone.  It
bl y (p l u g - i n  pane l )  with  an operable  spar e .  did not reduce the personnel  t r a i n i n g  r equ i r e -
So the t a sks  in t roubleshooting are reduced ments  at rear  or hi gher  echelons , i .e. , at
to s imp le go -no -go  p rocedure s .  depots , r a the r  it increased the t r a in ing  re-

H u m a n  f a c t o r s  eng inee r ing  throug hout qui rement  at t hese  levels .  This concurs  with
the development  of the A r m y ’s m u l t i c h a n n el  e s tab l i shed  A r m y  pol icy to have the f i r s t
c a r r i e r  sys tem con t r i bu t ed  to the increases  eche lon  pe r fo rm the simplest t ype of main-

• in the channe l  capacity of communicat ions.  tenance and the f i f th  echelon or depots pe r-
It reduced the t r a i n i n g  r equ i r emen t s  for  fo rm 4he most comp lex.
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Figure 11. Service facility instruction chart .

Moreover , the development of multichan- service facilities , operator skill , t ra ining
nel carr ier  equi pments has introduced new safety and other aspects related to the over -
and intensif ied the urgency  of older and per-  all functioning of the man-machine complex.
haps classical human factors problems in Human factors engineering hel ped solve
decision making. The Army echelons can the problems such as noise reduction , link
now assemble and transmit information, data simplicity, reduction in personnel and t r a in -
and pictures over greater  distances and faster  ing requirements which normally arise in
to more echelons ofcommand and any echelon any complex versatile man-machine rela-
can be provided with nearl y as much infor -  tionshi p. Even thoug h the channel capacity
mation as any other .  At what echelon must  has been doubled , the design solution has
the tactical and log istics decision be made ? enabled one man to pe r form the tasks which
Where the information is f i r s t  gathered , former ly required the attention of several
where it is assembled , or when it is t r ans -  operators.
mitted to the hi ghest command echelons ? This development has permitted the
Provision of communicators  capabilities to decision-making function to be made availa-
all echelons has made it easy for any corn- ble at many command echelons while , at the
mander to defe r  decision making.  same time , facilitate8 the t ransmission of

information in such a manner  to prevent
overloading the handling capac’ty of a single

SUMMARY operator.
This development il lustrated how earl y

The human factors  eng ineering app lied and continuous cooperation between all
throu ghout the design and development of this systems -oriented engineers , e l e c t r i c a l,
pulse code modulation system to meet the mechanical , and human factors , can speedil y
A r m y ’ s communications needs in a most and economically achieve a high capacity
economical and effective manner .  A few communications system incorporating the
general  goals of human eng ineering were latest development s and satisf ying the corn-
8ystem and equipment design , installation, munications needs of the modern field
packaging, ease of maintenance , integrated a rmy.
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4E AN EXPERIMENTAL EVALUATION OF THE APPLICATION
OF PROGRAMED INSTRUCTION AND TEACHING MACHINES

TO WEAPO N SYSTEM TRAINING

Matine e A. I.arue. Jr.

M a r t i n  (~ nnp an~
( ) na  nib . l’hrula

INTRODUCT ION APPROACH

“Programed  ins t ruc t ion  and teaching ma-  A segment  of the Persh ing  New Equipment
chines are the bi ggest  things to happen to Training p rog ram was then selected as the
education since the invention of the Gutenberg vehicle for an exper iment  desi gned to an-
p ress . ’ swe r these quest ions .  This segment was the

“Programed i n s t r u c t i o n  can reduce f i r s t  19 hours  of a course on the Pershing
tr aining t ime b y 20% - 30% - 50%, and more. ” Fire Data Computer .  It was subdivided into

“Programed instruction will teach all six lessons and was entitled , Fundamentals
peop le to the same level of proficiency —and of Computers .  -

do so in less t ime. ” This  19-hour segment had had its objec-
“Programed  instruction and teaching tives predetermined by the Persh ing  Training

machine s are the teachers  of tomorrow .” personnel and established in the Plan of In-
These are but a few of the claims made struct ion  for  each lesson.  The programing

concerning the advent of the educational tech - of the ma te r i a l—which  incidentally, was of a
ni que entit led Programed Instruct ion.  If non- l inear , or branching techni que —adhered
these claims are t rue , then the mili tary,  with to these same objectives.  The six lessons
its com plexity of t ra in ing ,  would now have at and the objective s of each are presented in
its disposal a potential panacea for its t r a i n -  Table 1 .
ing p robl ems , and a means for  optimizing its A behavioral objectives tes t  consis ting of
t ra in ing  e f fo r t s .  174 , four -a l te rna t ive, mul t iple-choice ques-

At Orlando , we became interested in tions was prepared and used forboth pre- tes t
these  claims , because  we , too , are concerned and post- test  purposes .  This  test  was sode-
with the problem of t ra in ing .  One of our signed as to provide at least one question for
charges  with regard to our Weapon Sys tem each prime f rame used in the course.
design and development is that of customer Two program pre -tests were then used
t ra in ing,  to validate both the programed course and

So we looked at our t raining p rog rams— the objective s test .  Resul ts  of these tests
our t ra in ing p r o b l e m s — o u r  t ra ining needs; were  revisions to both the program and the
and we listened to the claims that were be- test .
ing pronounced and attached to this new t ra in-  In the f i r st  program pre -test , 4 subjects
ing techni que , and we asked ourselves  the who qualif iedfor Pe r sh ing t r a ining  were used.
question , “Will  this techni que reall y work as For the second pre -test , 6 subjects who were
the claims state , and will it do so when ap- actually undergoing Pershing t ra ining and who
plied to the needs of a mili tary weapon used our program to learn that 19 hour  seg-
syst e m ? ”  ment of the Pershing course , we re used.

Specifically, we asked ourselves  the fol-  Scrambled books were used in the f i r s t  sea-
lowing questions: sion; machines in the second.

1. Can a programed course  teach as In the actual experiment three groups
well as , bet ter  than , or less than a were used. The classroom group of 15 re-
conventional class room can ? ceived the i r  instruction via conventional plat -

2 , Will it take more , less , or equal time form lec tures , the programed text group of
to teach to that level ? 25 used scrambled books , and the programed

3. Will the answers  to the above two machine group of 30 used USI Mark II Auto
questions be dependent on how the Tes tors .
programed material is p resen ted— The class group received the 19 hours  of
books or machines?  regular  classroom instruct ion and was al-

A secondary objective was then estab - lowed homestudy if they so desired.  Both
lished and that was to determine if any spe - programed group •s were informed that they
cific correlations existed between proficiency could take the course as fast  or as slow as
and time and other variables such as educa - they felt  they needed to go to master the
tion , attitude , aptitude , and gain, material.  They received no supp lementary
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Table 1

Course Outline and Objectives

Lesson Number Objective

I. Number Systems Give student an awareness  of various num-
ber systems such as decimal , b inary ,  octal ,
and ter t iary .  Have the student learn the
terminology peculiar to number systems
(radix, coefficient , e tc.)and how to express
a number in each system , mathematically.

II. Number Systems Convers ion Have the student learn to convert both whole
numbers  and fractions f rom one number
system to another for  decimal , octal and
binary systems.

Ill. Binary Arithmetic Teach the student to per form the arithmetic
operations of addition , subtraction, multi-
plication, and division using the decimal ,
binary, and octa l systems.

IV. Computer Language Have the student become familiar with Com-
puter terminology.  Teach him what a Gen-
eral Purpose Digital Computer consisted
of , and the relationship and function of each.

V. Computer Logic Teach the general logic associated with a
GPC , such as the relationships which existed
between logical “1” and log ical “0” inputs
and outputs for various gating circuits.

VI. Computer Building Blocks Teach the function and use of the seven ma-
jor  computer building blocks used in the
Pershing system.

assistance from an instructor and were not the fact that those students who took more
permitted any home stud y. than the conventional 19 hours took fewer

breaks than did their conventional counter-
RESULTS AND DISCUSSION parts and these breaks were also of a shorter

duration.
In the comparison of t imes (Table 2), the re-  In the area of achievement, measures
suIts indicated that the machine and book were based on pre -test scores and post- test
group took 24% and 28% less time than the scores as determined by the 174 question
fixed 19 hours of the classroom group, and criterion test.
that this reduction was si gnificant at the .01 Knowledge of material  prior to instruc-
level. tion was fairly close for all three  groups with

It should be noted that in the time com- post- test  knowledge also exhibiting a fa i r  de-
parison , time measures  are for taking the gree of similarity (Table 3). When the post-
course once and include all breaks but not test scores were adjusted for p re-tes t  dif-
lunch time. An interest ing sidelight here  is ferences the means of the three groups were

Table 2

Comparison of Times

Conventional Machine Book

Mean Hours 19 14.53 ’ 13.64 ’
Time Savings - - 24% 28%
Standard Deviation - - 3.66 3.50
Range -- 7.20-2 1 .10 8.47-19. 72

‘Significantl y ieee than 19 ci .01 level.
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Table 3

Achievement

Pre -Test  Post-Test  Adjusted 
-

0! Post-Test  Gain
/0 %

Conventional
Mean 47 ,93 67.86 65.82 38.67
S. D. 5.87 7.82
Range 36-59 49-79

Machine
Mean 46 .67 72.32 71 .40 49.93
S. D . 13.03 13.44
Range 26-71 43-91

Book
Mean 42 .99 67.56 69.89 45.24
S. D. 12 .10 15.40
Range 28-68 42 -90

I

66 for the class group and 71 and 70 for  the Thirdly, the question may be raised ,
machine and book groups.  “Does a man reall y know when he has mas-

In the area of gain , many techniques for  tered an i t e m ? ”  The theory of reduced van -

measur ing were available but we selected the ability is dependent on his not proceeding
one which measured gain of available gain, along the programed path until he has mas-
Mathematically, this is expressed by equa - tered the material.
tion ( 1).  In terms of our pr imary objectives , it

can be said that P1 taught in significantly less
Post-test  score - time than did the conventional technique , and

( 1 )  GAIN - Pre -test score ,~ 100 did so with no loss in proficiency nor decrease
- 100 - Pre -test score in achievement variability.

In terms of the secondary objectives the
As depicted in Table 3, the classroom study was not specificallydesignedto investi-

group gained 39%, the machine group 50% gate the variables of education , attitude , etc .
and the book group 45%. However , it was possible to make some in-

In te rms of either gain or post-test teres t ing,  worthwhile explorations of the
scores no significant  di f ference occurred; variou s relationships .
although the non-si gnificant differences were It was predicted that education and gain
in favor of the machine group.  would be positively correlated.  This predic-

Of interest  here is the data relative to tion was confirmed;  the correlat ion was posi-
the variability of scores. The data does not tive and significant . This is illustrated in
support , but rather tends to contradict the Figure 1 .
h ypothesis that programed instruct ion re -  It was also predicted that a positive cor-
duces variabili ty in achievement scores. relation would be found between time and
Past claims have been made that P1 is the gain. This  was not found to be so when all
educational equal izer—and in theory this ap- students were used. Howeve r when the sub -
pears to be a reasonable claim. jects were grouped as a function of educa-

Howthen can we justif y the contradiction. t ion , positive correlations began to appear.
Unfortunatel y no factual data can be provided Little confidence can be placed in this data ,
at this t ime—onl y assumptions.  One is that however , because of its post hoc nature and
home stud y on the part of the classroom group the paucity of subjects in each educational
negates the f ixed- t ime -variable -achievement level .
relat ionship of the classroom group—a rela - It was predicted that attitude and gain
tionshi p, which in conjunction with the self- would also be positively correlated.  As it
pacing fea ture  of P1, is the basis of the edu-  tu rned  out this was true for the book group
cation equalizer theorem,  but not for the machine group (Fi gure 2) .

Secondl y, in an actual learning environ- However , it should also be noted that both
ment , the problem of time competition of in- groups exhibited neutral  attitudes toward P1

• dividuals mi ght tend to overshadow the im - both before and a f te r  exposure to the program.
portance of prof ic iency.  Because the men Many other aspects of these relation-
can see readil y where their  classmates are ships also exist but are too numerous  to be
along the path s of learn ing ,  but not know the covered in a paper of this length.  Considera-
level  of mas t e ry ,  it is possible that they h u r -  ble attention has been given to them in the
n e d  along so as not lo be the last in the room, full  report  of the expe riment which has been
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publi’shed by Mart in-Orlando as an interna l behalf.  It did not teach all people to the same
document.  For those of you who desire cop ies , level , but indicated that the more educated
the report numbe r is OR 2973 , and copies the person the more he learned , and that for
can be obtained upon request .  grouped educational levels , the mo r e t ime

one spent the more one learned.  It also hi gh-
SUMMARY li ghted individual d i f fe rences  in both time

and achievement.  It showed that P1 is more
In s u m m a r y ,  our exper iment  indicates that ef f ic ient  than conventional instruction in that
programed instruct ion does not live up to all it did teach in si gnificantl y less time and to
of the claims which have been made in its the same level of prof iciency.
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5A. THE CRITERIA FOR SOCIAL SCIENCE RESEARCH

Ph ili p I . Sper ling
Special Operations Research Office

Wa shin gton . D. C. 20016

One of the  thi n gs that int e r e s t ed me about si gni f icance .  The point of all this is , th at
the late Mar i l yn Monroe was her  s ta t i s t i cs,  even with all the accurate and reliable meas-
Her ches t  and hi p measu remen t s  were  exactl y u r e s , someth ing  else is nec ga r y .  What is
the same as mine . Onl y her  wais t  measure -  it that is missing that makeb accura te  and
n-ients d i f fe red .  I o f ten  wondered whethe r , if re l iable  measures  alone insuf f ic ien t?
I could b r ing  roy wa i s t  m e a s u r e m e n t s  to Table I shows the usual  table r e f e r r ed
equal  h e r s , I would have obtained the same to as a s tandard for  hei ghts and wei ghts of
popul a r i t y .  Wh en I did not achieve her  grea t  the var ious  age groups  of males .  We ordi-
popular i ty ,  I h ad to conclude t hat it was na r i ly ado pt the absc issa  and tne ordinate
e i t h e r  my lack of blonde ha i r , or some other as the “ stan da rds ” and reading off the cooi -
context of e f fec ts  in which  Mari l yn Monroe ’ s dinate say that a man of thi s hei ght and this
measu remen t s  were  g ive n some spec ia l a g e sho uld wei gh this amount in poundage.

Table I

Avera ge Wei ght of Men

Age Groups

Hei ght 15-16 17-19 20-24 25-29 30-39 40-49 50-59

5 0 ”  98 113 122 128 131 134 136

5 1 ”  102 116 125 131 134 137 139

5 ’Z” 107 119 128 134 137 140 142

5’3” f l2  123 132 138 141 144 145

5’4” 117 127 136 141 145 148 149

5’S” 122 131 139 144 149 152 153

5 6 ”  127 135 142 148 153 156 157

5’?” 132 139 145 151 157 161 162

137 143 149 155 161 165 166

142 147 153 159 165 169 170

5 10” 146 151 157 163 170 174 175

5 1 1 ”  150 155 161 167 174 178 180

154 160 166 172 179 183 185

6 1 ”  159 164 170 177 183 187 189

6’z” 164 168 174 182 188 192 194

6 3 ’  169 172 178 186 193 197 199

6 4 ”  173 176 181 190 199 203 205

Source :  Society of A c t u a r i e s  1959 Study
N = 5 ,000 ,000
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What happens if we r eve r se  the s tandards?  called r ‘- I c a b  i i i  t y—dep endab i l i ty  of the i r
Suppose we w er e  to say that  a man of this m e a s u r e m e n t s— t h e  question of whethe r or
wei ght shou ld be of this hei ght? Ins tead of not a t es t  measured  what it had pu rpo r t ed  to
say ing for my hei ght and age I am “ ove r-  measure  was of somewhat lesser  import
wei ght” I could now say that a man of my than whe the r  a t es t  tested the same thing
age and wei ght is undou bt edl y ” un d e r - h e i ght.” twice .  In my deal ings  with I talians , Spanish
Suppose I adopt ed st ill ano the r  desc r iptive and Por tuguese  psycholog is ts , I found , how-
standard? Looking at this table and pointing eve r , the i r  concepts of validity and re l iabil i ty
to my wei ght I could tel l you that for  a man were  quite d i f fe ren t  from what  I had thought
of my wei ght , I am probabl y a young man of they would be. An Italian psychologist to ld
22 y e a r s  who is 6’3” tall? If these que stions me tha t all that mattered  was what I called
sound facetious to you , it onl y points up the “face ” val idi ty;  th at once I be l ieved  I had a
fact  that you have been culturally indoctri-  te st that was supposed to be measu r ing  some
nated; that you accept certain s tandards  specifi c t ra i t  or function I did not want  a
before you accept o thers .  Thi s has to do hi gh rel iabi l i ty  c o e f f i c i e n t .  He said that  if
with the question of what you accept as a a test  doesn ’t tes t  the same thing twice , that
dependent  variable , and what as an inde- make s it an even bet ter  tes t . If it tes ted one
pen dent va ri ab le . -~

- thing on one day and anothe r th ing on another
If using wei ght as a point of r e f e r e n c e  day, then I was finding out that much more

to dete rmine hei ght and age sound s silly—le t  about the individual!  I submit that f rom my
me ask: What would you do if you were  a way of thinking this was a log ical fa l lacy .
de t ect ive and had only a charred  dead bod y In moving to West  Ge rmany ,  where  the
to go by ? Wouldn ’t you wei gh it and t r y  to psycholog is ts are mostl y cha rac tero log ic a l
determine the probable age and former  in or ientat ion , 1 was told that  Amer ican  p ay-
hei ght as best you could? In my case you chologic al tes t  techni ques would not work  on
had more comp lete information and thus a German populat ion because  “ G e r m a n s
wanted to adopt d i f fe ren t  s tandards,  were  d i f f e r e n t . ” I did , howeve r , ad m ini st e r

What is the basis for the adop tion of a ba t t e r y  of p sycho logical tes t s  to a Germa n
the se  s tandards? You and I must come to population which was essent ia l ly th ’-  sam e
some rational agreement  on a philosophical ba t te ry  as the USAF b a t t e r y .  We t r a n s l a t e d
plane as to jus t  what we will mean when we the American paper and penci l  t e s t s , we re-
communicate with each other regarding the moved items that were  loaded with Amer ican
measurement  of hei ght an d w ei ght; how they cul tural  information , and put back i tems with
relate  to each o t h e r — w h i c h  variable may be German cultural  aspects .  For example ,
de pendent on the o ther , and which is the “i n- when questions involved units of m e a s u r e  we
de pendent” variable . This agreement  in the changed them—like  dollars to marks , Fahr-
f i r s t  place is our “a pr ior i”  assumption. enheit degrees  of t empera tu re -  to Cels ius
There is implicit in this agreement  between degrees , m iles to kilomet e r s , ga l lons  to
we two “ experts” the question of who is to l i ters , ounces and pounds to ki lograms--and
make such a decis ion and by what authority so fo r th.  Where  chang ing a unit of measu re
that decision is derived. We will avoid the required the changing of quant i ty  we did that
attempt to answer such a question for  the too—thus  a ph ra se lik e : “a win g sp read  of
time being, but at least admit that if we do 300 feet ,” became “a wing sp read  of 100
not agree in the f i r s t  place , we are not going m e t e r s — r a t h e r  than 300 meters - -s ince  the
to agree later on. Let us focus on whethe r latter seemed less real is t ic .  Did this  change
we can agree on “ What s tandards are to be the meaningfulness  of the quest ion? Lotz
adopted as c r i te r ia ;  what measures  are to be once showed that  spor ts  records in Ang lo-
related to these cr i ter ia ;  what measures  are Saxon count r ies  were  inf luenced b y whe the r
to be considered independent and which ones the athlete was shooting for  the record in
dependent?” the metr ic  or the non -me t r i c  sys tem.  Kluck-

Some ten years  ago I was a civilian psy-  hohn has pointed to Eng lish speaking peo ples
cholog ist for the Department of the Air Force p r e f e r ence  for  the non -me t r i c  sys tem as
traveling to each of the European countries possibly bein g a t t r ibutable  to the i r  prefer -
in NATO. Part of my job was to try to con- ence for one sy llable words- -cont ras t  “ inch ”
vince the local mi l i ta ry  psychologists in with the pol y sy llabic “ cent i mete r ” or the
each of the N A T O A i r  Forces to adopt Amer-  word “ pound” with “k i logram.” Do these
ican psychological techni ques for  the pun-  th ings  have an in f luence  on mean ing ? And if
poses of selection and class i f icat ion of avia- they do , did they  in f luence  what  the German
tion t ra inees .  The concepts held by a number test  ba t t e ry  was supposed to b i- t e s t i ng ’ The
of these European  psychologists w e re , if i nt er co r re la t i on  ma t r ix  obtained for  f o u r  of
nothing else , an eye opener .  The Br i t i sh  and the German t , -s t s  is shown on Table II.  The
Scandinavian psychologi sts held views quite in t e rco r re l a t ions  of the same t e st s , i n t h , ’i r
kindred to my own--an eclectic Amer ican  ori ginal Eng l ish , on an Amer ican  popula t ion ,
psychologist .  I found the French less in te r -  are  shown in pa r en th~~ses of that t ab le .  A r e
ested in what I called “ validity ” but t e n a —  these  tes t s  t e s t ing  the same t h i n g  in two
ciousl y emp hasing the concept of what I d i f f e r e n t  popula t ions?  In the ca s t  of the
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Table II

I nt e r c o r r , - l a t i on s  Among Tes ts

German : W.K.  A.U. Z-T S, W ,
(American) :  W ,K.  A R .  N .O. S.I.

Wort  Kenntnis  -- .56 .44 .33
Word Knowled ge (.62) (.43) (.33)

Ar i thmet ische  Ueber l egungen  .64 .32
Ari thmet ic  Reasoning ( .5 8) ( .33)

Z a h l e n r e c h n un g s — T e s t  .35
Numerical Operations ( .32)

Schnelle s Wahrnehmungsve  rmoegen - -

Speed of Identif icat ion

American tes t  ba t t e ry ,  what was don e was to crite rion , of cou rse , we merel y used cer tain
get agreement that some external standard mathematical functions to symbolize how
such as success  in a t ra ining school was peop le beha ved when t he y we r e in a t r a in ing
acceptable as an external  c r i te r ion  and the school . The two behaviors  at two di f ferent
eff ic iency of the tes t s  as pred ic tors  was de- points of time were  being cont ras ted .  The
termined  by seeing how c losel y the tests  measure  of the outside c r i t e r ion , however ,
corre la ted  with that external  c r i te r ion . Note has to stand b y i t se l f—it  has to depend on its
that the c r i te r ion  has to be acceptable to inheren t  content.
other scient is ts ,  In the case of the German How can we move f rom such a si tuation
ba t te ry ,  appropriate  objective c r i te r ia  were in which  the phenomena being observed are
not ea sily to be found.  Bu t—since  the inter-  measured  relatively precisely b y psycho-
corre la t ions  among the German tes t s  were log ical ins t rument s to a situation whe rein
e s sen t i a l ly the same as the in t e r c o r r ela t i o n s  the phenomena being observed are social
among the American t e s t s— w a s n ’t thi s a phenomena? Do these same concept s hold?
f o r m  of validation? Here  I am asking you to As an examp le , let me explain that in a
accept  th i s .  Note that  lacking an external SORO r e sea r c h  task stud y ing propaganda
s tandard  against which to relate the t e s t s , I symbols  for  d i f fe ren t  coun t r i e s ,  the p r o c e —
have had to use some inte rvening concept— dure usual l y used is to call in expert con-
or “ con s t r u c t”  which we might consider  ac- sultants and have them rep ly to a prepared
ceptable . This form of validation is a “con- set of questions dealing with information we
st ruct  val idi ty . ” There  are othe r forms of want to know about. These exper ts  are  here
this calledintermediate  cr i ter ia  or cr i ter ion in this count ry  but have lived in a part icular
equivalence . When we cannot get to our ulti- fore i gn country  for many years  and know the
mate cr it e r ion re ad ily, we accept the next peop le—the i r  cus toms; taboos ;  the i r  political
best th ing ,  In r e sea r ch  for the mil i tary ,  beliefs and social attitudes; their likes and
isn ’t the ult imate cr i ter ion always what hap- dislikes; etc . By posing a set of h ypoth e s e s
pens in combat? We would not deliberately concerning the kind of relations that country
ar range  a combat situation. We use the has wit!-, the U .S. (e .g., hot war , cold war ,
realistic t ra ining situation in peace-time as hostile , neutra l  or f r iendl y ) — w e  can then
an inte rmediate c r i t e r ion  as having cr i ter ion have our consul tants  provide the i r  ideas
equivalence . It is a case of two things which about whethe r cer ta in  posters  will have a
are equal to a third th ing  are probabl y equal cer ta in result  with a particular audience .
to each  o ther .  As long as we recognize  that  ‘A/ e can do that with visual or broadcast ma-
we have done so—and wh y,  we have done no t e r i al  or both. We can , fur ther , check all
violence to our  sci , - r i t i f i c method,  the consul tan ts ’ ideas against  all the others

I shall just  touch upon another  form of so that  we have a fo rm of reliabilit y or at
vali dity cal led “fac ’- ” va l id i t y — i . e ., the ac- least  a consensus .  How do we know whethe r
ce ptancc  of som’- t e s t  b -cause  it “looks ” is th i s  consensus  idea is ri ght? How do we
if it  wi l l  m e a s u r e  what i t  p u r p o r t s  to m e ac -  validate i t?  For one thing,  we can t ry  out
ur , - . The us ’-  of the Link T r a i n e r  as an apt i -  the idea—if  we have the ri ght set of condi-
tude  t e st  for  f ly i n g ,  for  t -xani p lt- , is thi s sor t  t ion s—and see if it works . This is the
of th ing .  Fact- va l id i t y is the hunch  or h y -  matic way of validating.  But since the set of
poth~-s i s  with  which  we start  to measure- , conditions (hot war , cold war , etc.) is not
When we do f ind a hi g h r . - l o t c o nsh i p wi th  a lways  p resen t  we e i ther  have to wait for  the
anotht - r  “ ,,‘ct -,c ’i” mea sur ’- , w ’-  have found a condit ions to obtain; we have to make the
pr edic to r .  B y say ing t , • st s  cor re la ted  with a condi t ions  o c c u r—w h i c h  may not be politically
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nor morally desirable--or we have to do tend to feel more dubious about this  kind of
something else , One of the things we could validity.  This t ime it was a f t e r  the fac t -  -
have the consultants provide information a poster ior i.  Our feelings or doubts have
about , is the process of word -o f -mou th  com- some impact on the proble m ~ f val idi ty.
munication.  How do rumors  spread?  Who These have to do with how much  confidence
talks to whom ? What is the channel of com- we place in our  log ic. If we t alk about this
municat ion whe reby informat ion is passed in terms of probability of occur rence  of
from one part of a cit y to another--without some phenomenon we mi ght “ feel” bet ter .
radio , TV , newspapers , magazines or other But we are ta lking about va l id i t y n o n e - t h e -
“mass med ia?”  These consul tants—sti l l  in less.
this  country--  could g ive us a pret ty  good One more example. Suppose our  task
idea about how such phenomena occur.  Sup- was to stud y the spec t rum of possible pol it i—
pose , however , that we went to that country  cal machinations that lead to var ious  resul ts

- and studied that problem on the site. SORO in a country. If we thoug ht through all the
has con du cted j us t  such a f ield stu dy of the var ie ty  of a l te rna t ives  and options that could
means whe r eby propaganda inf i l t ra tes  a lead to all the possible outcomes , we would
country.  How fast  information t ravels , what end up with the many ser ies  of events that
the channels of word -o f -mou th  communica- would have to take place before the outcomes ,
t ion are ; who talks to whom ; what the char- “come out. ” Once this procedure  has been
ac te r i s t i c s  of the people are who are the developed , we could take some his tor ica l
nodes in the line of communication. We period of t ime—say  the twent y years prior
could use this field stud y as our external to the American Revolutionary War  and t race
cr i ter ion against which we check the study throug h all the variet y of a l ternat ives and
made by consultants in the U.S. This would options that confronted the politicos of that
tell us  whethe r the consultants ’ data were day. We could then use an American History
valid. But you might add , wh y conduct the book or the newspapers of the t ime as ex-
consultant type stud y in the f i r s t  place , if ternal  cr i ter ia  to see if our h i s to r iographic
you have an opportunity to stud y the country method worked well enoug h to show the same
itse lf?  --i .e ., study the cr i ter ion i t se l f?  Of outcome as actual history.  Now suppose we
course , consultant- type studies at home are used  this method on political problems today
conducted onl y when travel  funds or other in some country in South America or Africa.
such limiting factors  obtain . I use this only This is precisely what one researcher  plans
as an exam ple of two d i f fe ren t  methodolog ies to do for SORO in conducting a study of future
stud y ing the same social phenomena and political situations . By assuming a spectrum
using one t ype of stud y as the cr i ter ion of fu ture  statutes of a country ten years
against which the other may be compared. from now-- rang ing f rom Communist ic  to
Let’ s pursue this a step fu r the r , hi ghly democrat ic , he can t race  back thoug h

Suppose we did not conduct the consultant- the alternative political actions which might
type stud y here in the U.S. but conducted only oring about the fu ture  political posture.  By
the field stud y in some southeast Asian rnderstanding the var ie ty  of the sequential
count ry ? How do we know whether the field series of events bet ter , we may,  of course ,
study all by itself is valid? Here again we be able to control them. But before we do
have a situation similar to the psychological that--since that m a y  be disruptive of the test
tests predicting something about future be- we want to make—how do we know the study
havior.  Either we would have to wait for  a is valid? We don ’t of course , until  we let
fu ture  period of time to check to see whether  h i s tory  prove whether the predict ions about
the data which were obtained in the field the fu tu re  were  ri ght or not. In the mean-
study hold up, or we would accept the field t ime , we as social scientists  accept it as
stud y data in the f i rs t  place as being the meaningfu l—i t  has “ semantic validity.” For
cr i te r ion  itself--because the content of our the time being, it seems to make sense.
m e a s u r e s  is representa t ive, acceptable , etc. This raises the whole problem as to what

Suppose we did not conduct the field makes things sensible or meaningful . I do
stud y ir, southeast Asia , but did only the not intend to go into that problem at this
consul tant- type study here  in ~he states? t ime.  Suffice it to say that  this kind of prob-
How do we know whethe r the consultant type lem which is confused and iii dispute tends to
stud y all by i tself  is valid? Again , we would become clarified over a period of t ime .
have to wait for a fu tu re  t ime period to “Meaning ” seems to develop with usage. A
check our r e s u l t s — o r  by so desi gning our note about my r emark  a moment  ago that by
consultant-type study to encompass problems understanding these social phenomena we
of credibility of respondents , reliability of may be able to control them. This is a fre-
t he i r  responses and representat iveness of quent problem in social studies where the
the population of consultants , we might observer  t r ies  to reach into his experiment ,
achieve a kind of internal consis tency of our as it were , and change things.  We cannot ,
data--a “hang ing togetherness ” that we mi ght as the ph ysicist can do in his laboratory,
accept as having a kind of “intrinsic ’ good- hold all the conditions constant which we
ness .  Without any “external standard” we want to. But we mus t  t ry .  Certainly, when
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a so c i al sc ien t i s t  is i nves t i ga t ing  the ~t t i tu de tha t . When the fu tu re  becomes the present - -
o f South Amer ican  w o r k e r s  toward  the local we have our  validation test .
m i l i t a ry ,  we cannot hold cons tan t  the influ-
en ce of the church , the p ress , or even child- REFERENCES
r e a r in g  p rac t i ces .  But  we m u s t  t ry.  This
“ l o O s e -n e s ~, ” of some so~~iaI scien ce s t u d i e s  Cohe n , Morr i s  R. and Nagel , E rnes t , An
has g iven ou r more  ‘ h a rd shel led”  s c ient is ts  In t roduc t ion  to Log ic and Scient i f ic  Method ,
th e  s h i v e rs . But let m e point  out , the good- Harcour t  Brace and Co., New York , 1934.
n e s s  of des ign of a stud y has onl y to do with Cureton , Edward E ., Validity, Chap. 16
the  confiden ce , the credibi l i t y you g ive to the in Educational  M e a su r e m e n t ,  E . F. Lind quist
r , ’ s a l t s . It has l i t t le  to do wi th  validity of (Ed) ,  Amer .  Council on Educat ion , Washin g-
the  r e su l t s , If it does—— it is because it has ton , D. C., 1951.
so m e t h i ng  that  is acce ptable to the f r a t e r n i ty  Kluckhohn , Clyde , Notes on Some An-
of s c i en t i s t s .  Let in , ’  r emind  you of the hi gh t h r o pological Aspects of Communicat ion ,
r e- i~, c n - c1 in whi ch phrenology was held less Ame r. Anthropol.,  Vol. 63 , No. 5, Oct. 1961 .
than  a c en t u r y  ago. Lotz , John , Peoph-s and Languages of

I have  t r i e d  to show the d i f f e ren t  ways the Caucasus.  Language- and Communicat ions
i n w h i c h  c r i t e r i a  or s tandards  are set  up and Research  Center , Columbia U n i v e r s it y, New
ho w d i f f e r e n t  p rocedures  are deemed to be York , 1955.
val idat ion methods .  These ranged f rom the Mosier , C. I . ,  A Cr i t ica l  Examinat ion of
ra tional-methods which require face validity the Concepts of Face Validi ty ,  Educational
an d de pended on the ag reemen t  of expe r t s , and Psycholog ical Measuremen t,  Vol . 7 ,
t h ro u i~h the lo_g ical whi ch a r b i t r a r i ly defined No. 2 , Summe r , 1947 , 191-205 .
v a l i d i t y  e ’i th , r in an a p r io r i  or in a poster iori  Nagel , E rnes t , The S t ruc ture  of Science,
m a c m a r  (b e f o r e  or af t e r  the f ac t )  to t h e ~~~~~~~~~~ Harcour t , Brace and World , Inc., New York ,
m at i c  and sc mantic t ypes of validation. 1961 .

I don ’ t r e - a l l y think these d i f f e r  for social Nehncvajsa , Jir i , The Fu tu res  of the
s c i e nc ’- phenome na than for data observed Cold War—Some  Results of Projec t  OUT-
by ph ys ica l  scie nce methods . Scientific COMES , Un ive r s i t y  of P i t t sburg h Repor t
metho ds af t e - r all , are applicable to any ob- under  Contract  AF_ 49(6 3 8)- l 116 , Marc!,
servab le  phenome na-- including those  events 1962 .
we call “ social --when human beings inter-  Ranney,  Au stin , Essays  on the Behav-
act and in f iu , -n ce  one another.  The main ioral Stud y of Politics, 15. of Illinois Press ,
t e s t  of any s c i e n t i f i c  s tud y is not the ability Urbana , 1962 .
to descr ibe  the  out~ ide wo rld accurately. Thorn dike , Robe r t L., Reliabil i ty,  Chap.
Most l i t e r a r y  au thors  can do that and very  15 , in Educational Measurement ,  E. F. Lind-
en t e r t a i n i ng ly to boot . The test  is whethe r quist (Ed),  Amer.  Council on Educ . ,  Wash-
so meth ing  about the outside world is so de- ing ton , D . C., 1951 .
scr ibable  that it can predict  something about Toops , H. A., The Cr i t e r ion  Educ. and
the as y et un know n fu t u r e . All of the valida- Psychol.  Measurement,  Vol. 4 , No. 1, Sp r i n g ,
tio n methods descr ibed here  boil down to 1944 .
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5B. CRITERIA FOR HUMAN PER FORMANCE RESEARCH
j. i’ . I h l a n e r and A r t h u r  J. l)ru ( ’k er

I . S. Arm ’, Personnel Heseareh O f fi e e
Alexandria . Virg inia 22314

if an y t h i n g is funda menta l  to good science , it pe r fo rmance ’ . Scanning the record of APRO ’ s
is the-  i s ,  of objec t ive  m e a su r e s  and careful  r e s ea r ch  over  the past number  of years , we
obse rva t ions  in place- of a s s e r t i o n  and do gma. f ind that in genera l  th ree  t ypes of c r i t e r i a
If human  fac to r s  r e sea rch  is to be charac-  w e r e  f r eq u e n t l y em ployed--school g rades ,

— t er iz e d  as s c i e n t i fi c , the re m u s t  be an in- r a t ings , and s i tua t iona l  o r perfo rmance
s i s t & n c e -  u pon m e a s u r i n g  h u m a n  pe r fo rmance  measures.  We have used  g rades p r i m a r i ly
in quan t i t a t ive -  and prec ise  t e r m s . Such in- as c r i t e r i a  for  co gni t ive -  p redic tors , p a r t i c —
si s ten c e  has , in fa ct , bee-n a br i g ht thread  in u l a rl y select ion and c la s s i f i ca t ion tes t s  both
the f a b r i c of A m e r i c a n  m i l i t a r y  and indus-  for  o f f i ce r  (Hagger t y, 1953) and enlisted
t r i a l psycholog ical r e s e a r c h  dur ing the last (Ze idne r , Harper  and Ka rche r , 1956) pro-
t h r , - e  decades , g r a m s .  Ratings have been used p r incipall y

Desp ite the above , jud gment  doe s have for  the evaluation of on - the - job  per formance
its place in that  the in ves t i gator ( f requent l y of o ff i ce r s  and enlis ted m en (Ib id) , especially
in consul ta tion wi th  his sponsor )  m u s t d e t e r -  where  interact ion with o ther  personnel  is an
mine WHICH aspects  of human pe r fo rmance  essent ia l  fea ture.  Situational per formance
are  to be included in the m e a s u r e . By i tself , t ests  h ave been used  pr imar i ly whe r e a
jud gment  is not eno ug h. In es tabl ishing a measure  of complicated performance is
pre requis i te , e .g. , a r i thmet ic  reasoning,  fo r needed , involving in man y cases both techni-
ent rance  into a t r a in ing  program , ther ’~- mus t  cal or cognitive as well as soc ia l / in terac t ive
be evidence--sc ient i f ic  ev idence—tha t  the and pe r sonality skills (Rob ins , Roy and
prere quisite  improves  measured  pe r fo rm-  deJong,  1958).
ance . Nor is jud gment  enoug h tha t cer ta in  We propose to discuss these three group-
innovat ions in wo rk techni ques will improve irigs of c r i ter ia  with some indication of the
man-machine  sys tems  pe r fo rmance . We f r a m e w o r k  of the i r  use within APRO.
must  have em pi r ic al evidence , for until An indication of the relative f requency
proven , suc h innovat ions , in the contex t  of of c r i t e r ia used in APRO’ s r e sea rch  e f fo r t s ,
success  of the sy s t em ’s oper at ion , a r e s t ill based u pon a su rve y of our own technical
hypo theses .  Of course , the proof of any r esea r ch  pub li ca tio ns s t a r t i ng wi th the f all
h ypo thes i s  is in the t e s t ing  and not in the of  1 956 is presented in Table 1. It is clear
t h i n k i n g .  And basic to the tes t  of the h ypoth- that rat ings and s chool grades  account for a
esis  is the c r i t e r ion  or e f f e c t i v e n e s s  rneas - large proport ion of our  school c r i te r ia .  This
ure , pa r t i cu la r ly in the app lied p roblem is r eadi ly unders tandable  since a long- te rm
area. At the hea r t  of human factors per-  and expensive  problem for  the A r m y  has
format-ice resea rch then lies an appropria te  been reduction of a t t r i t i on  in t ra ining.  But
c r i t e rion or e f f e c t i v e n e s s  measure , the sine if we were  to show time t rends  in these  data ,
qua non of a r e sea rch  desi gn that will y ie ld it would becom e ju st as clear tha t in r ece nt
r , ’s u lt s  t ranslatable  to command decisions
or m ission ac compl i shments .  Table I -

In th is  paper , we p re sen t  an o v e r v i e w  of
t h r e e  t yp ical c r i t e - r i a  or m e a s u r e s  of m di- Types and Frequency of Cr i te r ia  Used ,
vidual e f fec t iveness - - schoo l  grades , rat ings , USAPRO Research  1956- 1963
and s i tuat ional  p e r f o r m a n c e  measu res . We (N = 88 Publications )
the-n discuss the log ical ca r r yover  f ro m
m e a s u r e s  o f individual  - f f e c t i v e n e s s  to re- Types of Cr i ter ia  f
sc-a rch c r i t , - r i a  for the s tud y of human fac-
to r s  problems encountered  in sy s t ems  anal- I Grades 47
ys i s  in the Army.  We then p r e s e n t  examples
of how the rese arch sc i en t i s t ’ s measures  of II Ratings 39
e f f e c t i v e n e s s  are desi gn ed to aid di r ect ly in
m i l i t a ry decision making.  III Per formance  11

TYPICAL MEASURES Miscellaneous 13
OF INDIVIDUAL EFFECTIVENESS

1 10a
The work  of APRO dur ing  the past two dcc- a
ades i l l u s t r a t e s  our conviction of the need Totals more than 88 because of m u l t i ple
for  measurable  indexes or  c r i t e r i a  of human c r i t e r i a  emp loyed.
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r e - s e a r c h many of the t r a i n i n g  c r i t e r i a  as pe r s o n  or a g roup  of p e r so ns of the -  pe r f o r m —
w e - i l  as th e job pe r fo rmance  c r i t e r i a  are  oh- ance-  of another  ind iv idual - - a jud gment  we-
ta m e d f rom s i t u . t t i c c i e a l  or s imulated pe r -  all make i n f o r m a l l y e v er y  day of the -  week .
f o r m a n c e - , where  m e - a s  o r e -  me ,  n t  include s Probabl y beca use of i ts s imp licit y and famil -
objec t ive  indices . Typ ica l  of the lat ter  a re  i a r i t y ,  a g rea t  many fa l lac ious  be l i e f s  con-
h i t s  t i e d m i s s e s  on t a r g e t s  (Boldt , 1962 ) ,  ce rn ing  the  r a t i ng  ex i s t  among m a n a g e r s
nu mb e r s  of t a r g e t s  t r a c k e d  (Ringe l  and and s u per v i s o r s .
Smi th , 1 962) ,  icombe rs of c o r r e c t  iden t i f i ca -  R e s e a r c h  conducted b y APR O to estab-
t i i e n c s  in  i m a g e r y  (Sadacca , M a r t i n e k  and lish methods  for  obta in ing  re l iab le  and valid
S c h war t z , 1962).  r a t i n g s  ap p r o p r i a te  fo r  i s , -  as c r i t e ria in

r e s e a r c h  spans  m a n y  y e a r s  and has  had im-
GR A D F.S pac t upon many r e sea r c h  tasks .  Here  a r e
H o w e v e r , if we go back to t he period imme - examples of p reva len t  fa l l~a ies about ra t in gs ,

— 
dia te l y follo wing World War  II , the ’ most to g e t h e r  with r e s e a r c h - b a s e d  i n f o r m a t i o n

f r e ’q u ~’nt l y used cr i te r ion  is b y fa r  the  aca- b c -a  ri ng on the  p rob lem in ques t i on :
e l e - mic ~~r ,i de or pas s - f a i l  t r a i n i n g  c r i t e r i o n .  Fallacy 1. Tha t we- can mean ing fu l ly
T h i s  ty~a- of cri te r ion  appears  on the sur face ’  rate a man on t h i r t y  to f o r t y  s e p a r a t e  t r a i t s .
a be me ve ry  simple c r i te r ion  to obtain , yet  In repea ted  studies , APRO has found that  a
m i s  i s , -  g i v e - s  r i se  to many que stions and large-  g e n e r a l  fac tor  dominates  the ’  r a t ing
prob le ms . At what point in t r a i n i n g are -  e v e n w h e r e  de l ibe r a te -  a t t e m p ts have be- en

gra de- s b e s t  u sed?  A~~e t hey  he -st for  prac-  made to m e a s u r c -  d i f f e r e n t  aspects  of job
t ic -a l  or t h e o r e t i c a l  con t en t ?  What  is the  p e r f o r mance-  b y us ing  a numbe r of spe c i f i c
li e - - m t  m ’• a n~ of combin ing  g rade s , i . e ., what ra t ing  s c a l e s .  R a t e rs do p e r s i s t  in r c -p e a t i ng

s y - m t e - c n s  of w e i ghts should be used?  The t h e i r  g e ne r a l  o v e r a l l  i mp r es s i o n s  of a man

q ue s t i o n  c f  t h e -  r e l a t i o n s h ip of grades  t o e v e n when asked to evaluate  him on sj , e - c - i f i c
o n - t h e - - job  pe r f o r m a n c e  is one of ma jo r  con- and s e p a r a t e  e l ements  of his  pe r f o r m a n c e’ .

ce - rn  (Helme aci d  F i tch , 1962) .  In gene ra l , This  was  c l e a r l y e v i d e n t  in our  Korean  r ’--

and u n f o r t u n a t e l y ,  thi s r e l a t i onsh ip is not s e a r c h  w h e n  we t r i e d  to obta in  r a t i ngs  of

hi g h , p a r t i c u lar l y w h e r e  n o n t e c h n i c a l  p e r -  U . S. combat  so ld ie r s  w i t h  r e s p e c t  to t h e i r

f o r m a n ce -  is i n v o l v e d  on t he  job . Grades  a re  a g g r e s s i v e n e s s  on t he  f r o n t  h u e - s  as apar t

h e - t i e r c r i t e r i a  in t h e  eva lua t ion  of pe rf o r m -  f rom t he i r  o v e r a l l  pe r f o r ma n u  e as combat

ance ’ on te c h n i c a l  jobs .  y , - t , in any case m e n .  The  sca les  ag re ed so wel l  tha t  we

w h e r e  school  t r a i n i ng  is a p r e r e q u i s i t e  for  co uld almost have ’ use d t hem i n t e r c h a n g e a b l y
job ass i gnmen t , t i l e ’  t r a i nee  most pass a to measure  genera l  combat ‘ - f f e c t i v e - n e - s s .
cours ’-  and t h e r e - f o r e -  the  app li ed r e s e a r c h  But b e c a u s e  of small  d i f f e r e n c e s , we d ’-c ided

s c i e n t i s t  m us t  pay  at ten t ion  to g rades .  At to u s e -  the overa l l  ia- r f o r m a n c e -  sca le  as th e -

t he  same t ime , t i c , - r i - s e a r c h  scient i st must  p r inc i pal co mbat  c r i t e rion and the ’ aggres-
take care  not to a t tach all the impor tance  to s i v e ne s s  scale for  v a l ida t ing  specia l  combat
g r a d e s .  Grades  may fa i l  to take into account  p red i c to r  i n s t r u m e n t s  ( Sev e - r i n , c t  al , 1952) .

many  e lements  of the -  j ob , not contained in On o c c a s i u n , the  r e s e a r c her  has at t e m p t e d

t he t r a in ing, and relat ionshi p be tween the to pree mp t the  emotional  f e e l i n g  of a r a t e r
grade and total job per f o r m a n c e  may t h er , - - for the ra t e- c  be fo re -  p r e s e - n t i n g  m c -a s u r i n g
f o r e  be low . If t h e -  r e l a t i o n s h ip is t aken  at devi ces  on wh ich  he d e s i r e s  d i f f e r e n t i a l  ra t -
too great  a face  value , t h e - r e  is a d a ng e r  that  i ng s .  Thus , b e f o r e -  a s k i n g  a ra te - r  to ra t e-  X

too man y men wi l l  h e-  lost who are ’  rea l l y 
on v a r i o u s  a s pec t s  of d r i v i ng  ab i l i t y ,  he may

e f f e c t i v e -  on the job.  Suppose-  that  apti tude in ask:  “How do you ra te  X on appea rance ’  and
mathemat ics  is re la ted to a cer ta in  aspect  m i l i t a r y  bea r ing ?” Or , “How we ll do you

like- X ?’ If the ’ r a t e r  is t h e n  asked  to ra te  Xof e f f e cti ve combat perf o r m a n c e -  ( le t ’ s say ,  on X ’ s ab i l i t y  to r e a c t  to sudde n change s incompass  reading or ef fe ct ive t r i angula t ion
in a r t i l l e r y  ass i g n m e n t s )  but not  to o t h e r  

t r a f f i c  condi t ions , t he  s up p o s i t i o n  is  tha t  the ’

as pects , such as gene ra l  ag g r e s s iveness , l a t ter  ra t ing  wil l  be more  spec i f i c  to t he

Then , too heav y a re l iance  upon grades , 
c r i t e rion , that  is , less colo red by gene ra l

wh ich  would r e f l e c t  m a t h e m a t i c s  a b i l i ty ,  im 1 res s i o n .  U n f o  r t u n a t  e l y ,  t h , ’r e -  is hot

could  r e - s u I t  in the  s e l e ction of too many  i n -  
s can ty  ev idence  tha t  such  a s c hem e -  w o r k s

e f f e c t ive  f i gh t e r s . If th e r e -  is any g e n e r al i -  
(Uhi a n e r , Go l d s te i n , Van S t c - e - n b e ’r g ,  1952) .

za t ion we can make c o n c e r n i ng  g r a d e s as 
Falla cy 2. That  ha rd  r a t e ’r s  r e n der

me a s u r e s  of e f fe c t i v e - n e s s , it i -  - to  r e p e a t — -  
more  valid r a t i n g s  than  e a s y  r a t e r s . In -

t ha t  g rade ’s a re  most u s e f u l  i i  r e f l e c t i ng  s tud ie s  a d d r e s sc - d  to th i s  pr o b l e m , the re was

abi l i ty  in academic or cogn i t i ve-  a spec t s  of 
v e r y  little d i f f e rence  in va l id i ty  b e t w e e n

the  jo b. ra t ings  b y ra te - r s  c l a s s e d  as “hard”  and
“ e a s y ” althoug h ha rd r a t e r s , as you mi ght

RATINGS expect , tend to bunch t he i r  ra t ings  somewhat
lowe r on a scale,  (Browning ,  e’t al , Apri l

A measure  of e f f ec t i venes s  a c c e p t e d  without l9 5Z;  Browning ,  et al , August  1952) .
question by most peop le is the r a t i n g .  The Fal lacy 3. It is also commonly supposed
essence  of the rat ing is a jud gment  by one that b r i ght r a t e r s  r , -nder  more  valid r a t ings
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than the no t - so-br ight , or that a ra ter  has to Table 2
be exceptionall y bri ght to rate well .  The
research  evidence is that r a t e r s  of average Rela t ive  Pred ic t ive  Efficienc y of
intel l i gence have rendered ratings as valid 5th Week  Budd y and Cadre  Rat ings
as any rat ings by others .  There  is some
evidence , however , that when persons in the 16th Week 50th Week
lower  port ion of the d is t r ibut ion on mental Cadre  Cadre
abi l i ty  rate others , the -  rating s are not quite Ra t ings  Rating s
so valid (Chest e r , et al , 1952) .

Fallacy 4. A bet ter  ra t ing  can be oh- 5th Week Budd y .55 .49
ta m ed by g iving the ra ter  a more definite Ratings

— 
f rame of r e f e r ence—by asking him , for ex-
ample , “How would you like to have this 5th Week Cadre .44 .43
rutee  serve under  y o u ? ”  rather than “How Rating s
competent is this r a t e e ? ”  The research  _______________ ________— ___________

answe r is , if imp ro veme nt r e s u l t s , it ’s neg-
Table 3li gible (Karcher . Camp bell , Falk , Haggerty,

1952 ).
On inves t i gation , the c o m m o n l y held The Peer Rating as a Predictor

of Army Per fo rmanc econceptions above proved to be fallacies.
However , several que~ tions regardi ng rating

COMBAT (r  =prac t ices  and procedures  which bear upon
the r esea rch  use fu lness  of the rating tend to

LEADERSHI P (r  = 49)bbe asked over and over .  One common ques-
tion in connect ion with Of f ice r  Eff ic iency

SPECIAL FORCES (r  = 43) bRating s is: Should every  mi l i t a ry  of f icer  be
required to show his rat i ng to the rated

WEST POINT ( r  =of f i ce r ?  Or a similar question in rating 
_______________________ ____________c r i t er ion  methodology: Are rating s by iden-

t if ied ra te rs  any different  f rom ratings by *IncIude s Tactical Officer  Rating s
anonymous r a t e r s?  Management asks this 

aTRN 76 (Wil lernin , Rosenberg ,  White , 1957)
question on the s u p  p o  s i t  i o n that perhaps 

bUnpublished Data
ratings that are shown to the ratee and j u s t i -  

c(Druck er  1957; Pa r r i sh , Drucker , 1957)
Lied are  bet ter  ra t ings .  From a research
poi nt of vi ew , the answer is that while there Table 4
may be an inflat ion of rating s when rating s
are shown , differences in validity are neg li- Validity of Sing le Rating s and
g ible. Thus in obtaining rating c r i t e r i a  it Mult i ple Off icer  Rat ingsshould make very  li t t le difference whether (N 400)
rat ings are shown or not shown , made by
ident if ied or by anonymous ra te rs , provided Graphic Rating Mean Rank Class Stand-iall rating s are one way or the o t h e r ( K ar c h e r , on Over-a l l  by Asso- ing at C&GSWiner , Hagge r ty ,  1952; Chester , et at , 1954; Value to Army c iates  College
King , et al , 1956). _______________ ______ ____________

Here is another common question: Do Sing le rat ing s .53 .35
raters agree more in their evaluations of job
success if they have had more opportunity to Multiple rating s .84 .53observe the individual performing on the job? (Mean of t e n )
The answer is yes , generally, as implied in _______________ _________ ____________

Table 2 , which indicates the superior  validity
of peer rating s over cadre rating s (Kap lan superior i ty  of the average of ten rating s
and Wil lemin , 1959) . One can reason that over the sing le rating of of f i c e r s  at the Corn-
fellow trainees or fellow worke r s  on the job mand and General Staff College (Karcher ,
are general ly in a better position to observe Winer , Falk , Hagger ty ,  1952) . Clearl y the
another ’s p e r f o r m a n c e, and that frequent conclusion is that use of mul t i ple rat ings is
association , in the basic training situation , advisable , when it can be managed; how
even for a period as short  as three  or five many rating s to combine is a matter of ad-
weeks , is sufficient to enable the rater to rninistrative feasibility as well as of the
make the gross  jud gment required. Table 3 number of potential rate~-” available.
shows some of the research  evidenc e for the It is our opinion that ra t ings  should be
claim that the peer rating is one of the best us ed most f requent ly in programs where
predictors  of subsequent Army performance.  pe r fo rmance  of potential leaders must  be

An i m p o r t a n t  finding in most rating appraised , or performance of fig hting per-
situations is that the rating based on the sonnel , or performance in any other activity
judgment of more than one rater  is better where heavy interaction with others is a
than the sing le rating . Table 4 shows the requirement.
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Before  we’ i e - ,i v e  t h i s  top ic , we sho uld and a t a sk  in n i gh t obse rva t ion  f r o m  field
make m e n t i o n  of one- of the -  most i n t e r e s t i ng  out posts (t ih l aner  and Zeidner , 1 9 1, 1 ) .
methodolog ica l  problems w e-  have faced  in Now what are -  some of t h e -  problems
our 20 y e a r s  of r e - s e a r c h  h i s t o r y .  It is the attendant upon use  of the - p e r f o r ma n c e m e-as -
ra t ing  s i tua t ion  whe r e -  we do not ask a r a t e r  ure  or s i tua t iona l  te s t?  A P R O  has  learned
simp ly to rate on a scale but fo rce  him to that  such m e a s u r e s  are e x t r e m e l y d i f f icu l t
make a choice ’ be tween two equall y att rac t ive  to c o n s t r u c t .  Desp ite  hi g h a g r e ement basi-
or equ all y u n a t t r a c t i v e  de sc r i pt ions.  This call y, peop le~ still  d i sagree-  at t imes on
method , use -d con t r o v e r s i a l l y in the Form whethe r they  se-c-  5 g r enade -s  in a hole or 4
67-1 , has rece ived  a great  dc-al  of e mp i r ica l  (even simp le counts appa ren t l y  ne-e ’d t r a ined
a t t e n tion , and we m u s t  confess  that  it is st i l l  obse rve r s ).
a moot ques t ion  whe the r th is  method is much In sp ite of e f fo r t s  to fac i l i t a te  t h e -  admin-
more e f f e c tiv e  than the conventional  methods i st ra t ion  of these - s tandardized tasks , the
( Kar c h e r , Campbell , H a g ger t y ,  Schneider , ob se rve -r e s chore remains  a demanding one .
1952).  He- must  concen t r a t e -  on catching the specif ic

R a t i n g s — i n  s u m m  a r y — a r e  simple to act ions  w h i c h  go to make up the individual’ s
unde rs tand and to use .  That ’ s the beauty of score , and h e -  mus t be fas t  in r e - co rd ing  what
r a t i ngs .  Simp le qu’-st ions will y ield ready he sees.  Throug hout , he is enc umbered with
in format ion ;  even one good and reasonable cli p board , check li sts , and penci l s ,  More-
question may  y ield all the Informat ion  needed important , the number  and va r i e ty  of i tems
because  human beings a p p  e a r capable of to be observed tax his powe’ rs of attention
making f a i r l y good jud gments .  But in the and abili ty to res is t  being d i s t r ac t ed.  For
f i n a l  ana lysis , rat ings pe rmit onl y re la t ive  this reason , whe rever  possible , r e l i a nce has
m e a s u r e m e n t s  be tween  Man A and Man B. b een p laced on devices  for  automatic record-
For more  abso lute measurements , we hav e ing of examinee responses . However , if
to conside r the thi rd  type  of c r i te r ion  or s or ing  is limited to what can be tape re-
m e a s u r e -  of e f f ec t iveness ,  corded , or “ clocked in ” by pressing a button ,

the scope of the- per formance  measured is
PERFORMANCE MEASURES seve re l y limited. The best  answer  seems to

be to t ra in  the obse rvers  thoroughl y and put
This th i rd  measure  of e f f e c t i v e n e s s  is one them throug h repeated r e h e a r s a l s  in what
of the oldest f rom one point of view.  From they are to do.
a n o t h e r  point of view , it is one of the newest .  Const ruct ing  situational per formance
The -  p r inc i p le of pe r fo rmance  tes t ing  was tests  demands both subjec t  matte r exper t ise
use d he avil y in the-  fo rm of the trade test  or and psychological knowled ge.  Imagination
job sample , an earl y t echn ique of indus t r ia l  and ingenui ty  go into forg ing the essence  of
psycholo gy.  The t est  of pe r fo rmance  in a des i red  performance into a hi ghly concen-
si tuat ional  setting has been app lied with trated bit of te st behavior simulation, co n-
growing  f r equency  w h e r e  the need for objec- tr ived and presented  for  the examinee in
t ive m e a s u r e- s  of e f f ec t iveness  is viewed as reasonably limited geographical hounds . A
c ruc ia l,  host of practical diff icul t ies  must  be solved

The advantages of the situational pe r -  not the least of which is obtaining the tech-
fo rmance -  m e a s u r e -  make it much more nical , mechanical , an d elect r ica l aid s such
effec t ive  than grade or rat ing,  even thoug h as wire , ammunition , vehi cles , radio corn-
de velopment of such measures  presents  chal- munication mater ie l .  An example of a field
leng ing— sometimes almost insurmountable — leadershi p problem used in NCO re sea rch
prob lems .  With situational per formance  is shown in Figure 1.
tes t s  we can approach absolute uni ts--an Desp ite these  diE :u lties , a s t rong belief
achievement  never  possible with rat ings.  exists among r e sea r ch  scientists in human
For e-xamp le , how many g renades  can they f ac tors  areas that f u r t h e r  progress  in ’more
i n f a n t r y m a n  th row on the t a rge t  in one m m -  sophist icated d i f fe ren t ia l  validation of cer-
ut e?  Or how long does it take a squad to tam kinds of human fac tors  performance,
take a hil l? With such prec ise  information , par t icular ly the kind that fu tu re  o f f i ce r s  of
the commander has a more  realist ic appre- the Army may be exposed to , may be best
ciation of performance of task-oriented tapped by this kind of field laboratory equip-
team s than he could possibl y gain from rat- ment. Note that we place emphasis on the
ings. Further , the performance of indjvid- word differential . Earlier we imp lied that
uals or of groups can readily be compared , ratings hit onl y a common core of ability.
whereas  with rat ings such comparison is We believe that situational performance
less feasible , since the needed re fe rence  measures  will permit a sharper  delineation
point is lacking. The effect ive  r e sea rch  use of different ial  ability .
of the per formance  test  was demonstrated in A word about our off icer  prediction re-
th ree  situational problems used in validating search as i l lustrat ion.  This research , now
the Army Ni ght Seeing Tester--a ni ght re- in full  swing at the Officer Evaluation Center ,
conaissance patrol course , a task for the Ft. McClellan , Alabama , represents  a most
stationary observer in night infantry tactics , ambitious undertaking (Willemin , 1963). The
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200 YARDS

Fi gure  1. A Field Leadersh i p P roblem
(f rom Field Leade r sh i p Test (PT 3570)) .

The’ group is told that they are a patrol  r e t u r n i n g  irom a reconna i s sance
miss ion  in a jeep. They are  in enemy t e r r i t o r y ,  an ene my force  has
bee n pursu ing  them and is not far  behind them . The road on which  they
are- wi thdr awing in t h e i r  onl y avenue of escape’ . They mus t  get t h r o u g h
to the i r head quar t e r s  with the i r  jeep in the sho rte ’st possible time ’ . Thei r
head quar ters  is said to be 3 miles distant .

As the jeep  rounds a curve-  in the road , the y encounter  a road block.
When they s ta r t  to clear the road block , a charge-  is set off aeid one man
falls ac ross the  road block si mulating in ju ry .  Shortl y af te r  the - exp losion ,
the , ene my attacks from the rear .  Enemy mainta ins  i n t e r m i t t e n t , har-
assin g f i re  throug hout the remainder  of the problem.

The leade r m u s t  de al wi th  the r oad block , maintain adequate- p i~ecau-
t ions against  f u r t h e r  mines , t ake care  o f the wounded m an , hold off enemy
and make a spee dy r e t u r n  to fr iendl y lines.

The obse rve r  has the opportuni t y o f checkin g seve r al points with  re-
spect to the examin ee ’ s le adershi p adequacy in b rie f in g his i n c - n  (e .g. ,
that enemy is close be -hind them) ,  g iving specif ic  i n s t r u c t i on s  before
moving out (e .g . ,  a s s ignin g posit ions in j eep) ,  in dea ling with the wounded
man (e .g . ,  having him removed f rom road block),  and in d i r e c t i n g  his
men a f t e r  the enemy opens f i re  (e .g . ,  dep loy ing men).  In addi t ion , s e v e r al
che ck marks  may be m ade wi th  r es pect to e x a m i n ee ’s control  ( “ R e a c t e d
quickl y to s i tua t ion ”) and f a i l u r e  as a leader  (“Became rat t led or con-
fused” or “Did nothing about wounded man ”).

b a si c  purpose of the s i tuat ional  c r i t e r i a  em- c r i t e r i a  may some of the  s t r e s s e s  of war-
ployed in this  t ask  is to der ive  perfo rmance t ime opera t ions  be s imu la te d . This  op i n i o n
me a s u r e ments in duties represen ta t ive’  of has be’en shared  by the A r m y Scie n t i f i c  Ad-
th r -  tcchnical , ad m in is t r ati ve , an d com bat v iso ry Panel , Human Fac tors  Sub-pane’!.
~, reas in o rde r  to t e s t  w h et h e r  predic t ion of
pe r fo rmance  in those areas is feasible . SPECiAL PROBLEMS IN MEASUR 1NG
Since all exa m i n e -e s , regard less  of back- INDIVIDUAL E F F E C T I V E N E S S
g round , will  be measured in all tasks , it is
ne c e s s a r y  that pe r fo rmance -  on these  tasks  MULTIPLE VS F R A C T I O N A L  CRiTERI A
not be dependent  upon specialized t r a i n i n g  -

or expe r ienc . Use of s i tuat ional  p e r f o r m -  W h e r e  one des i res  to have  as complete ’ coy-
ance c r i t e r i a  in the Of f i ce r  Predict ion Task e rage  of the human pe r fo rmance-  under  s tu d y
are par t icu lar l y important  because of the as possible , the cr it e r ion will probabl y have ’
e m p h a s i s  on fu tu re  ac t iv i t i es  of o f f i c e r s , to be a m ul t i ple one, The c r i t e r ion  se-lecte ’d ,
i n c l u d i n g  greater  cons idera t ion  of the corn- or the ’ c r i t e r ion  f rac t ion , la rge l y pred e ’t e-r-
bat o f f i c e r  job. Onl y t h roug h si tuational  mines the kind and degree  of v a l i d i t y  ob ta ined .
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By t h i s  we me ’an that the ’  “ can do” or combat  r a t ing  c r i t e r ion in t h e -  deve lopme nt
cog ni t ive ’  p r e d i c t o r s , i. e ., mea su r e~s wh ich  of s e l e - ct ion  and c l a s s i f i c a t i on  te s ts ’?’ We-
ta p the  capabi l i ty ,  ap ti t ude - , skill  or abil i ty had a b a t t e r y  of te s t s  a l r e ad y v a l i d a te d
of ce ed iv i duals , be st predic t  grade’ s and the  a g a i n s t  the comb at  r a t i n g  c r i t e r i ej e c .  We r e -
sk i l l  ~es p e e  ts  of job pe r fo rmance . In con- latt’ d t oth i s  p r e d i c t o r  b o t t e - r y  ra t ing  c r i ter i o n
t r , c s t , t h e-  “ wi l l  do ” o r non-cogni t ive  p r ed ic -  m e a s u r e s  obtained in a g a r r i s o n  s i t u a t i o n .
t o r s  such  as perso nal i ty  measure ’s , in t e r e s t  We ’ found it a u s e f u l  p ro ce~dure ’  in tha t  inde ed
m e a s u r e s , motivation m e a s u r e s  best predict , t h e r e -  was enoug h common v a r i a n c e  b e ,t w e e ,n
thoug h ad mit tedl y to a much lower e x t e n t , the g a r r i s o n  and combat c r i t e r ia to ju s t i f y
a s p e c t s  of p e r f o r m a n ce  which  ind ica t e  what  c o n s i d e r i n g  the two c r i t e ria m o r e -  s i m i l a r
t h e -  ma n a c t u a l l y  w i l l  do wi th  t he  capab i l i t i e s  than  d i s s i m i l a r  ( Johnson , APA pape r , 1956) .
he h as , such  as w h e t h e r  he f i r e s  his weapon A f u r t h e r  step in our  c r i t e rion e q u i v a l e n c e -
in combat or doesn ’t f i re  in combat , whe the r stud y led to the conc lus ion  that  the  same
he’ sup er v i se s  a p p r o p r i a t e ly or doesn ’t m e a s u r e s  w e r e  pr ed ic t i v e~ of p er f o r m a n c e~ in
s up e r v i s e -  ap p r o p ri a t e l y ,  both combat and g a rr i s o n .  The  sp e c if ic

In some human f a c t o r s  r e - s e a r c h  pro-  techni ques of accompl ish ing  cr i t e r ion  equiv-
g r a m s , con f l i c t s  among c r i t e r i o n  f r a c t i o n s  a lence  are  too involved to repor t  h e - r e - , but
o r e le ’me’nts h a v e -  a r i s e n — c o n f l i c t s  which  are elabora te d in a s e r i e s  of te chnica l  r e —
m e - ~t l e e -  r e  s o l v e d  in t e r m s  of r e - s e a r c h  and por ts  ( W h e r r y ,  R o s s , W c , l i n s , 1954 ; Gay lord ,
ope rat ional  cons ide r a t i o n s .  The  c a r e e r  in -  195 3) .
d iv idual  in the-  A r m y  must  go t h rough many
phase ’s , Is m e a s u re d pe r fo rmance -  behavior - MEASURES OF EFFECTIVENESS
of jun io r  off ice rs and senior o f f i c e r s  d i f f e r -  IN SYSTEMS R E S E A R C H
c - n t ? Is m e a s u r e d  per fo rmance  behavior  of
ga r r i s o n  d i f f e re nt f r o m  that  in combat?  In U n d e r l y ing our d i s cus s ion  of c r i t e r i a  up to
A PR O ’ s r e - s e - a r c h  on he l icop t e r  p ilot s e - I c - c -  this point has been the  concept  of compar ing
tion for  example , the use r agency deci ded one person with ano the r . As our  l abora to r i e s
t hat the -  pilot should  have-  not onl y a hi gh became more and more c o n c e,r n e d  with sys-
de~g r e - e -  of t e c h n i c a l  p r o f i c i e n c y  but should tems r e s e a r c h , we became aware-  of new
also be a leade,r of men and have an o f f i c e r ’ s princi ples and ph i losop hies  under l y ing our
r e s pons ib i l i t ies  in othe r r espec t s  as well,  human fac tors  r e sea r ch  e f f o r t s , re quir ing
Since all the ’  cr i t e r ion  e lements  had to be - new emphasis and reor ienta t ion in our re-
ta ke -n into cons idera t ion , a ca re fu l  balance- search thinking and plannin g (Uhlai-ier , 1960).
ha d to be mainta ined among the var ious  For one th ing,  sys tems  today have be- -
phases  of t r a in ing ,  and d i f f e ren t  kinds of come much more complex and cost l y than
washo ut p r ac t i ce s  employed lest too many ever before . From a situation w h e r e  man
app licants  and t r a i n e e - s  be eliminated ear l y has been a focal  point , he has beco me a
on ore,- f ac to r  without  being able- to demon- l inkage—a vital linkage--in the - s y s t e m .
s t r ate the i r  potential pe r formance  on another In addition , many sys tems have to be
(Ze , idne- r , Mar t inek , Ande r s o n , 1958). evaluated before  they beco me opera t iona l—

indeed , some sys tems may ne ve r become
CRITERION EQUIVALENCE operat ional .  Needless  to say ,  t h e s e  sys t ems

are becoming more and more-  e x p e n s i v e , not
Pecul ia r  to the mil i tary and to the A r m y ,  onl y in dollars but in t ime lag,  For any
wha teve r  c r i t e r ia  are used , is the fact that par t icu lar  mi l i ta ry  func t ion - - fo r  examp le- ,
human  per formance  on a job may be required command and control--a numbe r of corn-
un de r  both peacet ime gar r i son  or combat petit ive man-machine sys tems  a re  being
condit ions.  This has been one of our most developed on a concur ren t  basis.  The , e-val-
challeng ing problems--how to secure  e f fec -  uation of these compet i t ive  sys tems  must  be
tive measurement  of pe r fo rmance  in the sound enough to enable mil i tary  managers ,
combat situation . Combat is not a lways  with toge the r  with the sc ient is ts , to make’ c o r rec t
us , fo r tuna te ly,  and even when it is , we have~ decisions as to the appropr ia te  sys tems  or
found it ex t remely inconvenient  to secure  subsys tems  to be ca r r i ed  to comp l e t i o n or
evaluat ions .  Recognizing the importance for  made operat ional .  The r e - s e a r c h  p sycholog ist
mi l i t a ry  psychologists of obtaining measure ’ s is emerging with a very  important  role in
against such elusive combat c r i t e r i a , r e - -  this set t ing.
sea rch  ef for t s  have led to an approach called
cr i te r ion  equivalence . In brief , the funda-  ROLE OF THE
mental  procedure  employed in c r i te r ion  R E S E A R C H  PSYCHOLOGIST
equivalence approaches  is base-don a mathe-
matical  t ru ism that when two measures  are  For his part in develop ing these  sys tems ,
equal  to a th i rd , they  are  equal to each o ther , the research  psycholog ist  is as k ed to ass i st

We ’ used this  pr inci p le- in a stud y con- in es tabl ishing the appropriate  breakdown of
duct”d in the mid-SO’ s to answer  the ques- func t ion ( s )  to be pe r fo rmed—the ’  jobs of the-
t ion , “Can a rat ing c r i ter i o n  obtained in gar -  men within the sys t em.  He is asked to pro-
r i son he- u se fu l ly  subst i tuted for an actual ject  the kind of peop le needed not onl y in
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t e rms  of talents and ap t i tudes , but al so , of c r i t e r i a— g r a d e s , ra t ings , si t ua t iona l pe r-
whe re, appropr ia te , in t e rms  of personal i ty  fo rmance m e a s u r e s ?
charac te r i s t i c s  (including r equ i r emen t s  for
pe r fo rming  under s t r e s s  and s t ra in) .  He is DEVELOPING THE SYSTEMS
asked to es tabl ish in te r re la t ionsh ips and OUTPUT CRiTERION
h i e r archies  within the system , to look at
equi pment and hel p eng inee rs  so des i gn it as On the s u r f a c e , the sy s t e m s  output  c r i t e r ion
to make funct ions  and jobs eas ie r  and more  appears  to be much l ike the si t u atio n al pe r-
manageable by the average  man available.  formance c r i t e r ion  in that  both include as-
C o n c u r r e n t ly, he is asked to develop t ra in ing  pects of the actual  job . But deve lopment of
programs , devices , aids which will in an the sy s t ems  output  c r i t e r i o n  r e q u i r e s  p a i n s -
allotted period of t ime t r a in  each individual t aking e x p e r i m e n t a t i o n  in the l abo ra to ry ,
to p e r f o r m  these  func t ions . He is asked to p r io r  to taking the m e a s u r e  in to  the f ie ld , to
look at th e -  a c t i v i t i e s  p e r f o r m e d  by th e m di- es tab l i sh  qu a n t i t a t i v e  re la t ionsh ips  be tween
vidual s subsequent  to t h e i r  t r a in ing  to see c r i t i ca l  independent  va r iab les  and v a r i o u s
whe the r  he ’ can im prove the work  methods , as pects of human pe r fo rmance  in the sys-
In the- meant ime, hope f ul ly, the m achines tem . In the situational pe r fo rmance  me-as -
will  have  been f ixe d in th e i r  desi gn . In prac- ore , subjec t m a t t e r  exper t s  are t radi t ional ly
t i ce , cil the processes  of development  may emplo yed t o hel p a s s u r e  adequacy of s irn-
be, r e -cyc led  many t imes- -a  contingency which ulation for realism and the adequacy of
makes  the human fac tors  problems more ’ pe r fo rmance  coverage .  In develop in g the
fluid , more  challeng ing,  more  complicated , sys tems  output  c r i t e r i o n , opera t ing f ie ld
and s o m e t i m e s  qui te  hopeless .  pe rsonne l  are used  to hel p ass ure  adequacy

of s imulation and coverage , arid equ ally im-
p o r t a n t , to a s s i s t  in the e s t a b l i s h m e n t  of

GOALS IN c r i t i ca l  p a r a me t ers  of p e r f o r m a n c e  for  s im-
SYSTEMS EVALUATIONS ulat ion.  Such personne l  a r e  t yp ically b roeig ht

Into th e laborato ry well  ahead of the ac tual
W ithin this se t t ing ,  it is evident  that  the mil- sim ula tion  phase .
i t a ry  manager  des i r e s  an evaluation of the
sys tem or the subsystem as a totalit y and is AN IMAGE
likely to g ive more wholehear ted  ac cep ta nce INTERPRETATION SYSTEM
to th at resea r ch pr odu ct which  is ex pr e s sed As to the cha ra cte r i s t i c s  of the sys te m s o u t -
in t e r m s  of quantitat ive u nit s th at he can
u n d e r s t a n d  in relation to his goals and mis-  

put c r i t e r i o n, let us look at actual exam ples
we have been concerned  wi th  the last s eve ra lsion. Whe r eas ye s t e r day he may have been

pr imar i ly in te res ted  in the improvement  yea r s .  Fairl y r ep re sen ta t ive  of small mi l l -

of methods of se lec t ing  image in te rp re te r  
t a ry  sy st e m s  is the image i n t e rp r e t e r  sys-
tem shown in Fig u r e  Z . By input  we mean

t ra inees  so as to reduce school a t t r i t i o n,
today such an accomplishment  may be of 

type of i m ag e r y ,  con ten t  and resol,~tion.
These  a re  the s t im u l u s  d i m e n s i o n s  of thet r iv ia l  concern to him as a use r  of intelli- -

gence in the field . His concern , in the last im agery  p resen ted  to the i n t e r p r e t e r . On

anal y sis , is whether  there ’ is available corn- 
the othe r side is out put.  Output , in th is

plete and accurate  informat ion  with respect  
small sys tem , inc ludes su c h  f a c t o r s  as ac-

to enemy ta rge t s , when he needs such in for -  cu racy ,  ti mel iness , and com plete ness  of
in fo rm ation . In the output  s tage , t h e r e  ismat ion. Whether  bet ter  school selection

con t r ibu tes  to the  total operat ional  e f fec t ive-  concern with the pe r f o r m a n c e  f r a c t i o n s

ness of the survei l lance system in question 
themselves.

may be important for  the researcher  to find But before  we tu rn  to a d i scuss ion  of

out , but the commander is pr imar i ly in ter -  output , cons ide r  the man in the ’ middle--the

es t e d in m i s s i o n  r e s u l t s - - t h e  total impact.  
l inkage  b e t w e e n i n p u t  and output . In r e s e a r c h

Since it is the total impact  of operat ion to improve  image in t e rp re t a t ion  s y s t e m s  op-
e r a t i o ns  and techniques , e f f o r t  is d i r e c ted

that  is the key concern of the mi l i t a ry  con- towa rd the man h i m s e l f , and how he goes
sum er , it is ou r  belief tha t  human f ac to r s
r e , s e a r c h  s c i e n t i s t s  m u s t  beg in to th ink in 

abou t his job of i n t e r p r e t i n g .  Basic  to his

t e rms  of the total m i s s i o n  e f f e c t i v e n e s s  of a 
p e r f o r m a n c e  ar e  the i n s t r u c tio n s  and back-

sy s tem , ra ther  than exc lus ive l y in t e r m s  ~ f 
g ro und i n f o r m a t i o n  he ’ r e ’ c c - i v c - s , the  s e a r c h
and viewing te chni ques  he e mp loys , an d the

mo re or l e s s  e f f e c t i v e,  p e r f o r m a n c e  of indi-
vid uals. It is because of its end-product  

re f e r e n c e s , equipment , and o t her  aids he
uses  to accomplish his  job.orientation that sys t ems  r e sea rch  and sys-

tems development is today enjoy ing enthu-  WORK METHODS AND
siast ic  support . SYSTEMS OUTPUT

The sys tems  output c r i t e r ion , then , we
feel will loom as more  and more impor tan t. Notice now that  whe ’re ’as in earlier discus-
In what ways can we d i f fe ren t ia te  this cr i -  sions of c r i t e r i a  or m e a s u r e s  of e f fec t ive-
ten on f rom the olde r , more fami l i a r  types ness , man was the focal point , he is now
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INPUT SYSTEM OUTPUT

INTERE STS 
~, ABI LITIES

~FRY ( E F ~
T

Type Accuracy

Content Seard, typos Timeliness

Resolution Vi.wing techniques Conipl.teness

Rsl.~,nces end oihnr aids

Fi gu r e  2 . l n t e g r a t e’d  r e - s e a r c h  a p p r o a c h  to basic fac tors  s tud ies .

r e d u c e d  to t h e -  role ee h a L i n k a g e - . This  ad— in r e l a t i on  to a quant i ta t ive ly de te rm i n e d  s e t
mit te ’dl y is a se,me ’what d i f f e r e n t  way of of ind ices  of the out put or mis s ion  pe r f o r m —
t h i n k i n g  about  the ’  r c , l e  of the  man in a mili-  ance  of the ’ s y s t e m .  D et e ’r m i n i n g  on the-
t ;t r v  se ’ t t i n g .  We- t h i n k  th ’-  c o n c e -p t  is  a use - — ba sis of o b s e r v a t i o n  w h e t h e r  it is b et t e r  for
fu l  one- , e v e n  if it appe a r s  tha t  man is down- a small  team of t h r e e  to sit around a table
g r a d e d .  Th e-  s a l i e n t  conce’rn  to t h e  manage r and work  coop era t ive ly or w h e t h e ’r  t h e ~y
i s  how e , f f e c t iv e -  is o u t p u t .  In ou r  e a r l i e r ~ hootd work as indiv iduals  and t h e ’i r  ou tput
dis  u ss i o n s , the ,  ques t ion  was r a r e l y ra ised collated b y a s u p e r v i s o r  is mean ingles s
w h e ’t h e ’r  a be t t e r man , iden t i f i ed  t h r o u g h un l e s s  such comparisons a re  e,va luate -d  in
r a t i n g  or grade , wa s re -a l ly c o n t ri b u t i ng  to re ,lation to out put .
m o r e -  ef fect ive-  out put . Perhaps  we should Let’ s go hack to the - small sys te ’m.  D c—
have take -n a be ,tte ’ r look. In one of our ye -lop e-ne -nt  of the type  of c r i t e r ion  r e q u i r e d
s tud ie s ( R i n ge - l  and Smith , l 9 6 2 ) — - that of has to m c ,e ,t  t h e  same k inds  of s imulat ion
t r a c k e r s  in t he  M i s s i l e-  M a s t e r  Fire  D i s t r i-  cha 1le~n g e s  as the  s i tua t iona l  p e r f o r m a n c e
but ion  Sy s t e m  w h i c h  m o n i t o r s  acid t r a c k s  m e a s u r e .  But we fe e l  the ’  r ewards  are  con-
a i r c r a f t  picked up by r adar - -we  soug ht to s ide ’rabl e . Let us t race  oiie e’xamp le of the-
d , - t e rmin c -  how t r ac k i n g  pe r fo rmanc - c is re- - develo pment of an out put c r i t e rion of th is
la te - c l  to t a rge t  load , du ration of t rack ing  kind.  Given the  k inds  of photos , equ i pment ,
t i m e , and p r o f i c i e n c y  of the  t racke r as ra ted  methods , sit u a t i u n s —al l the , i n g r e d i e n t s  which
b y sel pe r v i so r s , We ’ found no s ta t is t ical ly const i tu te ’  a se t t ing  in wh ich  it is possible ’ to
si g n i f i c a n t  d i f f e r en e  e -  in t r a c k i n g  p e r f o r m —  m e -as i e r e ,  a ccu ra t e l y t h e  ou tput  of t h i s  small
ance among g r o u p s  d i f f e r i n g  in ra ted  p ro f i -  s u b s y s t e m — l e t’ s see -  what  happens  whe’n we
c i e - e ’ c y .  The  m o n i t o r i n g  and t r a c k i n g  fu n c -  corn pare  d i f f e ,r e -n t  work  me thods  wi th  a sys-
t i o n~~ r e q u i re d  of man in the ,  M i s s i l e .  M a s t e r  t ems  output  c r i t e r i o n  ( T a b l e -  5 ) ,  He ’r e we are~
Air  I)e ,f e ’n se , F i re  D i s t r i b u t i o n  S y s t e m  a re ’  in t e  r e - s t e - c l  in  d e t e r m i n i ng  w het h e r  team pro—
t y p ical of many func t i ons  and ac t iv i t ies on ce ,dure ’s  would provide a t e c h n iq ue  fo r  re--
the ’  d r a w i n g  boa rd s today .  In what  a reas  d u c i n g  t h e  numb e ’r  of e r r o n e o u s  identifi-
call  human  f a c t o r s  r e ’ s e - a r c h  make, a con t r i -  ca t i o n s  made-  by int e~r p r e - t e - r s  and at t h e -  same
hut ion  wi th r e~spe - c t  to t h e -  most e f fec t ive  t ime i n c r e a s e -  t i l e ’  numb e ’r  of c o r r e ct i d en t i —
u t i l i zation of the -  m, ,n ’in such s y s t e m s?  One, f i ca t ions .
such a r e - a  may i , -  work  me thods t h e y  e m p loy. In Me ’thod I , a l thoug h the-  i n t e r p r e t e rs
S i m p l y to e eb s e  ry e  the ’ work  me thod and rate ’  worke d and r e ’por t e~d indep e ’n d e-nt l y , t h e i r
it in the  above ’ con tex t  is i ce s a t i s f a c t o r y .  p er f o r m a n c e -  was score ’d  f o r  ri ght ide n t i f i —
Dif f e , r e ,n t  wo rk  rr c ,- th ods m u s t  he ’ compared ca t ions , wrong  i d e n t i f i c a t i o n s, and o m i t s  for
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Table 5

Total Mean P e r f o r m a n c e  Scores  fo r  Image I n t e r p r e t e r  Teams W o r k i n g
U n d e r  D i f f e r e n t  Methods  and fo r  Ind iv idua l s  W o r k i n g  Alone

Team M ethods~’ Ri ght W r o n g  % Accuracy

I Independent :
All r e sponses  (N = 15 teams)  15.1 112 .9 14

II Independen t :
A gr eed r e s p o n s e s  (N = 15 t eams)  3.9 7.1 33

III Coopera t ive  (N = 30 teams) 10.1 40.6 22

IV Individuals  Alone (N = 36 individuals)  8.1 50, 8 16

‘:eMean Ri ght , W r o n g ,  and Accuracy scor es between team meth ods a r e si gn i f ican t l y d i f f e r en t
(P - - .01) .

teams of two. Method II r ep re sen ted  a van - in that any of a hos t  of variables of i n t e r e s t
ati on in s c o r i ng  over Method I in that onl y to the mi l i t a ry  use r , designer , and r e s e a r c h
ident i f ica t ions  upon which the two in te r -  scient is t  can be studied and practical con-
p re t e r s  agreed were  counted.  In Method III , clusions can be der ived .  In thi s subsys tem ,
in t e r p r e t e r s  worked in teams instead of in- holding everything else constant , and usin g
dependently. Each member  of the team was the sys tems  output , we care seek ex peri-
g iven com plete se ts  of pho tog raphs , but onl y mental a n sw e r s  to the fol lowing ques t ions :
one re por t  shee t  was given to a team , an d onl y 1. Which  is r’nore  e f fec t ive - -p  o s i t  i v  e
th ose ident if i ca t ions  were  re cord ed on whi ch pr in ts , negative pr in ts , negatives , S t e r e o ?
both me mbers  of the team agreed.  Team 2 . What is the d i f ference  between uti-
members  could d i s c u s s  the ident i f ica t ions  lizing rect if ied photo g ra ph s and obli que
f ree l y and cooperate in any way they desi red ,  v i e w s ?

Method I gave the l a rges t  number  of 3. How do s tereo techni ques compare
correc t  ident i f icat ions , but also the largest  with non-s t e reo  techniques , and i s e i ther
numbe r of wrong  ident i f ica t ions .  Method II part icularly appropriate with cer tain types
gave a much bet ter  accuracy record , but of imagery ?
wit h man y fewer  ident i f ica t ions  of either 4 . Do express ions  of confidence on the
kind, Although Method III , the cooperative part of the men in terpre t ing  the image ry
method , in which i n t e r p r e t e r s  d iscussed have prac t ica lusefulness  for  command deci-
thei r ident if ica t ions  f re ely, offered a definite sion making ?
improvement  over individual in te rpre ta t ion  5. Do image in t e rp re te r s  obtain more
in t e r m s  of r i gh t s , wrongs , and accur ac y in format ion  accurately by looki ng at the
scores , each method was jud ged to have po- image a longer  time or a shorter  t ime ?
tential u se fu lness  to the commander , de pend- 6. Do enl is ted men achieve as accurate
ing upon his needs: I for  maximum identi-  pe r fo rmance  in in te rp re t ing  as do o f f i c e r s ?
fi ca t ions  ( however , including many wrongs ) ,  It is within such a f r a m e w o r k  that we
II for  maximum accuracy (however , fewer  can begin to ask the question whether  put t ing
identi f ica t ions)  and III for  a reasonable com- a eeb et t e r e~ man in a sys tem is more impor-
promise between l and II. IV , the Individuals-  tant  than providing a specific amount  of
Working-Alone  Method appeared to g ive no t ra in ing , or whether  equipment ( for  example ,
advantage (Sadacca , Mart inek and Schwartz , s tereo equi pment) can compensate  for  lack
1962). of caliber of pe r sonne l .

With such e f fec t iveness  measures , one In the Missi le Mas te r  Air  Defense Sys-
can compare experienced with inexperienced tern , the essential  syste m output c r i t e r ion
i n t e r p r e t e r s , use of s tereo vs non-s t e reo , was the percen tage  of i n s t ances  t racking
or oblique vs vertical photos. But more im- tags were  found on the assi gne d tar g e ts  an d
portant , it is possible for  the commander to the number  of trackers tracking with perfect
set whatever standards of accuracy or other  accuracy in relation to the number of t a rge t s
pe r fo rmance  he thinks the tactical or s t ra-  assi gned. We ut i l ized these percentages
teg ic si tuation demands,  as our c r i te r ion .  We set a requ i rement  fo r
RESEARCH INFORMATION 18 qualified and representat ive t rackers , to

AND COMMAND DECISIONS track real ta rge ts  on operational t rack ing
consoles.

The research  in format ion  that can be secured What did we find ? As you would expect ,
in this  kind of f r a m e w o r k  is ext remely rich as load level increased , average t rack if lg
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Figure  3. Miss i le  m a s t e r  t a rge t s  t r acked  with 100% accuracy .

a c c u r a c y  decreased .  Howeve r , as shown in SPECIAL PROBLEMS IN MEASURING
Fi gure  3 , the average p e r c e n t ag e  o f ’  acke r s  SYSTEMS EFFECTIVENESS
t r a c k i ng  with p e r fec t  a c c u r a cy ~~de~ :ea sed.
Init iall y, the re was qui te  a d i f fe rence  in this It is perhaps  not too s u r p r i s i ng  tha L the ap-
capacity between the top 4th and bot t om 4th pr opr ia te  outline with respec t  to sy s t e m s
of th e g roup .  In addi t ion to e s t ab l i sh ing  a ou tpu t  c r i t e r i a  is being deve loped  by psy-
r e l a t i o n s h ip be tween  load level  and accu racy ,  cholog i s t s  who have  spent  man y y e a r s  wi th
we rea l ized our recommendat ion  to corn-  problems of ind iv idua l  c r i t e r i a  d i s c u s s e d
mander s  would have to be couched in t e rms  ear l ie r.  Many of the problems in determin-
of a proper  balancing point between success  ing e f f e c t i v e n e s s  of groups of individuals are
and f a i l u r e , and suggest ions  for  t r ade-of f , if of concern in determining ef fec t iveness  of
ne c e s s a r y .  In this  s tud y, s u c c e s s  was in- sy s t e m s  and s u b s y s t e m s. Beet one problem
c r e a s i n g  n u m b e r  of t a r g e t s  t r acked  with is its cost--both the money and the r e sea rch
p er f ec t  accuracy ,  and f a i l u r e  the o f f se t t ing  e f fo r t  that  have to be expended in order to
decrement  in t r ack ing  accuracy.  Our re -c-  anal yze the  s y s t e m — t o  secure  app rop r i a t e
ommendat ion  to the commande r did include decis ions  with respec t  to accuracy,  corn-
a s e e g g e s t e ’ c l  balance point be tween number of plet eness , or rate of output .
t a r ge ts  ass i gned an ind iv idua l  in r e l a t ion  to The’ re l iabi l i ty  of the m e a s u r e m e n t  of
th~ acc ur acy level  des i red  (Ringe l  ann Smith , e f f e c t i v e n e s s  is a famil iar  but hi ghly per t inent
196 2).  problem in evaluat ing s y s t e m s  e f f e c t i v e n e s s .
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The ’ problem of repl i c a t i o n  is a v e ry  se ~ i — u f  e b - t e  r m in i r ig  t i le~ in f l u e n c e  of a p a r l i c e e l ; e  r
e ,Us  one , and a d i f f i c u l t  one to solve depend-  seeb s y s t e - c e e  elpon the ’ to ta l  is v e r y  chal le -ng~ng .
ing upon the  e x t e n t  to w h i c h  t h e - e n t i r e  The a r e - t i c a l l y, e a c h s u b s y s t e - c i e  is re l a t e - e l  t e e
sv~ t e- m m u s t  be u s e d  f u r  r e - s e - a r c h . In d i— the  s y s t e m  it is par t  e,f , and the~ e - t i t j  re c o n —
v i d e i a l s  u n der g o i n g  e x p e r i m e n t a t i o n  become g l o m e r a t ion  of sy s t e e l e s  can he v i e w e d  as  a
p r a c t i c e d  ,tnd hence  spoiled as examinee,s  or cons tan t l y widee~ iu g  cone’ or sp h e r e -  of app li-

eeb j e c t s  f o r  r e p l i ca t ion  purpo s e’ s , and e qual ca bi l i ty  u n t i l  it en c omp a s s e s  tile- u l t  i e n ; e t e
b u t  f l e w  ba :c iee’s  of i n d i v i d u a l s  m ay  be- h a rd  c r i t e,r i on , or s y s t e m  o b j e c t i v e , w i n n i n g  a war
t o c o l i e e -  b y. W h e n  s i m u l a t i o n  is used for  or w i n n i ng  the  pe ace- .
eva l u a t i o n  p u rp o s e s , the s imeela t ion  ve ,h ic le
m u s t  be dc -s i gned so as to cons ide r all
r e l evan t  in puts into the s y s t e m , and e~quall y A F R A M E W O R K  OF
im po r t an t , it m u s t  cons i der  all the demands  H U M A N  FACTO R S - O R I E N T E D

— fo r  o ee tp u t s .  In fac t , it is not uncommon for SYSTEMS R E S E A R C H
the  s imula ted  exe rc i se  to be even more
r e a l i s t i c  t h a n  th e’ a c tua l  in t h a t  s i m u l a t i o n  And f ina l ly,  to us , one of the-  mos t  i n t e r e st i n g
s t r i ve’ s to r ep r o du c e -  a r i ch  an d com plex as pects of the sy s t ems  c r i t e r i o n  is t h e -  u l t i -
e ’n v i  r o c un e n t  e ncompass  ing all the typ ical m a t e -  poss ib i l i ty  of s t u d y ing all the, h u m a n
a c t i v i t i e s found in the-  ac tual  s i t u a t i o n ,  In f a c t o r s  a sp e c t s — - s e l e c t i o n , c l a s s i f i c a t i o n,
o u r  own r e sea rch  e f f o r t , we, have  e mp loyed , t r a i n i ng ,  work  methods , hum a n  ereg i r i e - - r i n g - -
or have  dc-vised detai led plans f o r , pa r t ia l  in re la t ion to e ach o ther  and the- s y s t e m s
si m u l a t i o n  of a e r i a l  s u r ve , i ll a n ce - , command o u t p u t . Fi g u re~ 4 p r e s e n t s  a ba s i c  f ran- ie ,work
i n f o r m a t i o n  p r o c es s i n g  sy s t e ms , and sy s -  of human  f a c t o r s  o r i e n t e d  s y s t e m s r e - s e a r c h ,
t ems  e lements  requ i r ing  evaluat ion  of moo- r e f l e c t i ng  a ph i losoph y of in t e g r a t e d  r e s e a r c h
ito r ing  p e r f o r m a n c e  in a v a r i e ty  of A r m y  e f f o r t .  Th roug h such a f r a m e w o r k, inc lud ing
jobs .  A s m u c h  as poss ib le , as ind ica ted  t h r ee  bas ic  e~ler e a ’n t s - -  i ndependen t  v a r i a b l e s ,
p r e v i o u s ly, we emph a s i z e  the e n v i r o n m e n t  dependen t  var iablc , s ( c r i t e r i o n  or  output ) ,
of the  actual sy s t e m  or s u b sy s t e m , including and con t ro l  or e x p e r i m e n t a l  v a r i a b l e - s - - i t
u s e  of pe r sonne l  actually assoc ia ted  wi th  the should  be possible  to d i r e c t  the to ta l  h u m a n
s y s t e m  opera t ional l y. f a c t o r s  impact  t o w a r d  the  d e v e l o p m e n t  of e l -

Fi nally, s ince  any s u b s y s t e m  is part  of f e c t i v e -  A r my  man-mach ine  and m a n - w e a p o n s
anothe r s u b sy s t e m  or sys t em , the d i f f i cu l ty  s y s t em s  (t ihlaner, 1960).

W O R K  Effect of
ENVIRONMENT INDEPENDENT O U T P U T

1 VARIABLES (Dependent %~r~o b p .s I

I Short Sustotned Wry Long
Ouration

I’ Completeness of jt omi
N O R M A L  of Personnel

PRESSURE I ______________________ Extent of Ou t p u t
0. Q. Peacetime

Garrison I I~~P’~~’~~~~ 
Training

I j~int. — Kind A cc ur acy—l e r ro r . )

I or

Organizational Factors Quality of Output

E M E R G E N C Y  NO, , ” -f , leaders, SO PS, Doctrine
PRESSURE I Rote of Outpu t

e g-  Combat Machin es ormaneuver
noise I Enhances capacity of Mon Timeliness

Figure 4. Basic f ramework  of human f ac to r s  oriented sys te’ms research
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SC. THE EVALUATION OF SYSTEMS-ANALYTIC
TRAINING PROGRAMS

l’AIgeii(’ -
~~ . ( 4lga H

II nina ii He~’nu r ’e’~ Re’~ea re-li ( ) fl ier
~ 1e~ an dr ia .  \ i rg in ia 22 311

An e h j e - c t i v e - of thi s pape r is  to d c- s c r i b e  how In d i s c u ss i n g  eva lua t ion  of a t r a i n i ng
w e -  in I l u m R R O  go about  e v e l u a t i n g -- e e r  va l i -  p r o g r a m , I have  t a k e n  an adap ta t ion  of

— d a t i n g - - a n  e x p e r i r e i e n t a l  t r a i n i n g  p r o g r a m .  h i u m R R O’ s s e v e n - s t e p  pa rad i g m of the de - .
In a d d i t i c e r i , I - h e u l e l  l ike ’ tee p r e sen t  a point  v e lu p m e n t  of the , t r a i n i n g  p r u g r ~’ ri-c as  a
e> f v i e w abou t  a lu a t i o n ,  -l he m a j o r  objec — f r a m e -  u f r e - f e - r e - m i c e  ( see  Fi gu re  1).
t i v e , h e e w e - v e r , i s  to call a t t e n t i e m  to w h e r e  The p r o c e s s  of d e v e l o ping a t r a i n i n g
i mp r e e v e m e n t s  in nle ’th e) d s are ’ especial l y p rog ram be-g il ls  w i t h  a s y s t e m s  anal ys i s
n ee ded , I~i the  se r v i c e ’  of t he se  obj e c t i v e s , p e r f o r m e d  f r o m  a h u m a n  f a c t o r s  p o i n t  of
conce pts and t e c h n i ques  wi l l  be idealized , v i ew- - tha t  is , by d e t e r m i n i n g  what  the func-
o v e r - s i m p l i f i e d , r e i n t e r p re’ted , a nd e v e n  t ion s  of the  ope r a t i o n a l  s y s t e m  a re , how they
r e n a m e d - - h o p e f u ll y all ~~it h o ut d i s t o r t i o n ,  are pe r fo rmed , ho w the f u n c t i o n i n g  e l e m e n t s
A l t h o u g h my d i s c u s s i o n \k ill be in the c o n t e x t  a r e  r elate ,d to one a n o t h e r .
of d e v e l o p i n g  t r a i n i n g  p r o g r a m s , I bel ieve Nex t , as step 2 , a specif ic  job  w i t h i n  the-
the  c e n t r a l  i s S U e .s e x i s t  in  homologous  van - sy s t e mi c  is anal yzed in detai l  to develop a job
ant s in all  h u m a n  f a c t o r s  d e v e l o p m e n t s ,  model  ( s e - c  Fi g u re  2) .  Such an ana l y sis dc-

H um R R O  is conce-rn e ’d wi th  p r o d u c i n g  t e r m i n e s  w h a t , exactly ,  the h u m a n  being is
t r a i n i n g  p r o g r a m s  w i t h  o p e r a t i o n a l  u t i l i t y,  supposed to do , how he is  to do it , w h a t
T he s e  p r o g r a m s  ,ir e -  developed f r o m  a s y s -  f a c i l i t i e s  a r e  ava i lab le  to h i m , how he is  to
t e m s  po in t  of v i e w , and the c r i t e r i o n  fo r  i n t e r a c t  wi th  h a r d w a r e  and wi th  people in
e v a l u a t i n g  the’ m i s  w h e t h e r  they  f u l f i l l  t he i r  o the r  j o b s , and  how well  he- m u s t  be- able’ to
f u n c t i o n s  in the-  u p e - r a t i n g  s y s t e m.  do all  t h i s  in o r d e r  f u r  the  s y s t e m  to ope r ate

I h e  s y s tem s - a n a ly t i c  po in t  of v i e w  sug-  e f f e c t i v e ly .
g e s t s  tha t  c r i t i c a l  i n g r e d i e n t s  in eva lua t ion  Steps 3 , 4 , and S a r e  c o n c e r n e d  wi th  the
are  o p e r a t i n g  s y s t e m  c o s t s  and ope ra t ing  n u t s  and bo l t s  of deve lop ing a t r a i n i n g  pro-
sy st 1n s~~~~~~ F tha t ihe c r i t i c a l  check g r am  and a d i s c u s s i o n  of them would  lead
p o i n t s  in the d e v e l op m e n t  p r o c e s s  a re  to be away f r o m  the panel  top ic , e x c e p t  f o r  one
found at  the i e i U -r f a c e s  b e t w e e n  t r a i n i n g  de- c r i t i c a l  po in t  ( s e e  Fi g ur e  3). The-  ob jec t ive
v e - l o p m e n t  and ope’ r a t i o n a l  syst em .  of the t r a i n i n g  p r o g r a m  is  to add p e r for m a n c e

THE DEVELOPMENT OF TRAINING

1. Develop Human Factors Systems Analysis Model

E4 h7j~~J
Fi gure  1
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Fi gure -  3

ca pab i l i t i e s  to un t r a ined  men so that they a s s e s s i n g  g r a d u a t e - s  o f a n  e x p e r i m e n t a l  t r a i n -
will  he able to pe r fo rm  the func t ion s de-  ing p r o g r a m  em the-  p r o f i c i e ’e e c y  t e s t  a n d
scr ibed in the job  model.  Thus , the t r a i n i n g c o n s i d e r i ng  the  c o s t s — b r u a d l ~ i n t e r p r e t e d - -
p r o g r a m  is der ived f rom the job model ,  of the t r a i n i n g  p r o g r a m  to de t e rmine ’  whe t h e r

Step six , the m e a s u r e m e n t  of job profi - the t r a i n e d  p e r s o n n e l  i t  p roduces  r ep re s e n t
c i e n c y,  o rd ina r i l y by means  of a job  sample an adequa te  r e - t u r n  on the ’ i n v e s t m e n t  i n
t e s t , is developed in paral le l  wi th  the t r a i n -  t r a i n i n g  t ime , in s t r u c t e e r s , e t c .  S o m e t i m e s
in g p rog ram and has the same s o u r c e — t h e  th i s  evaluat ion  is  a compar i son  of a l t e r n a t e -
job mode l, p r o g r a m s  (see Fi g u r e  5). The re  are’ t w e

Step seven is the evaluat ion of the t r a in -  c r i t i ca l  in’te r f a ce s  b e t w e en  the ’ t r a i n i n g  dc-
ing  p r o g r a m  ( see  Fi gure-  4).  It C o n s i s t s  of ve lopment  sy s t em cend the o p e r a t i n g  m i l i t a r y
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______________

~ 

I

Figure 4

system (see  Fi gure  6).  The f i r s t , marked developing and evaluating the sys tem- job
with an A~ ore the i l lustrat ion , is at the be- model.
g inning of the development process , where
the models of the sys tem and the job are de- ASSESSING PROFICIENCY
veloped f r o m  a close stud y of the mil i tary
system field operation. If the job model The basic method of a s sess ing  proficiency
omits  an essent ial  fea ture  of the job , the res t s  upon a job sample test .  In practice ,
t raining p rog ram will also omi t  that fea ture , the simple notion of a job sample test has
and so will the prof ic iency t e s t ,  produced a number  of va r ian t s , some of

The second in ter face , represented  by a them stretching the concept of sample. I
e~ fle~ is where  the cost of the training pro- have selected several examples to provide a
gram is de te rmined .  In practice , costs are general picture of HumRRO job sample tests ,
anticrpated by m i l i t a r y  c o n s u m e r s  and and also to serve as a take-off point for
HumRRO in the very earl iest  stages of de- methodological d iscuss ion .
velo pment , and operate as cons t ra in ts  on the HurnRRO ’ s task NICROD was concerned
way the t ra in ing  p rog ram is devised, with t ra ining electronics maintenance per-

Evaluating an experimental t ra ining pro- sonnel for a Nike Direct  Support unit (see
gram , step seven in the paradi gm , hinges Figure 7). The job was considered to be
upon prof ic iency data’and cost ing data. I that of cor rec t ing  whatever  electronic break-
shall describe some HumRRO ef fo r t s  along down s occur on Nike equi pment. Existing
these lines and try to suggest  methodolog ical detailed field records of repairs made in
quest ions in three areas surrounding evalu- the past were collected and classified by
ation: f i r s t , a ssess ing  prof ic iency,  including type of repair , and a random sample was
how the job model is represented in the pro- selected f rom each type for the test .  The
f ic iency t e s t ;  second , assess ing  the cost measure of pe r fo rmance  on a test  repair
and feasibil i ty of a t ra ining p rogram;  third , task--t ime--was w e i g h t e d  to ref lect  the

139

p ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~
— --- --- - - - - — - ------ -*



-

,~~———THE DEVELOPME NT OF TRAINING
1. Develop Human Factors Systems Analysis Model ~~~~~~~~~~~

_

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

eeH

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

iij

3, Specify knowledge and Skills [‘
~

‘

~~ 
I ,

- 
I I f  

-I 4. Determine Training Objectives J 6. Develop Proficiency Test

L 5. Construct ~raining Program

Fi gu re  5

r e l a t i v e  f r e q u e n c y  of o c c o r r e-n c e  in the  f ie ld  of the en l i s t ed  m a n .  A navi ga t ion  t e s t  c o u r s e
of that  repai r  t a sk .  For r epa i r s  a subject  duplicating such a mission was  used f o r  p ro -
could not  accompl i s h  w i t h i n  a g e n e r o u s  t i m e  f i c i e n c y  a s s e s s m e n t.
l i m i t , his  score  was  the t ime  l i m i t  p lus  an Task  H E L F I R E , on a r med hel ico pter
e s t i m a t e  of the t ime a skil led re p a i r m a n  o p e r a t i o n s , fo l lows  a p a t t e r n  s imi la r  to
would  need to c o m plete  the r e - p a i r  t a sk , s im-  PATROL’s ( see F igure  10). However , at thi s
u l a t i n g  in SC e ) r i n g  what  happens  in the f i e ld , t ime  t h e r e  is no ope ra t iona l  expe r i ence  and

Task FORECAST (see Fi gu r e 8) ,  al so onl y v e ry  t e n t a t i v e  a r med hel icopte r  d o c t r i n e
deali ng with e lect r oni c mai n te n a n c e , was to indic ate ’ what s tandard of per f o r mance  is
or iented towards  develop in g t ra in ing  pro-  n e e d e d .  j o  compensa te  for  the t e n t a t i v e n e s s
g r a m s  for equi pment  not yet  in ope rat ional of do c t r i ne , a s tandard or r e f e r ence  point
use.  Therefore , in FORECAST , a sample is neede d to put p rof ic iency  data on a sim-
of the pa rts in the sys tem was taken. P ro -  ula t ion course  in to  operat ional  pe r spec t ive .
f i c i ency  t e s t ing  consisted of producing mal-  I h i s  is being done ’ by havi ng an except ion-
func t ions  in the equi pment and count ing the all y exper t  he l i cop te r  pilot p e r f o r m  a m is-
number  corrected b y the student.  sion ove r and over a g a i n .  W i t h each new

Task P A T R O L  was c o n c e r n e d  wi th  a a t t e m p t , he will learn  more about the ter-
pr o g r a m  to deve lop the - land navi ga t ional  ra in  and have an o p p o r t u n i t y  to c o r r e c t
p r of i c i ency  requi red  for e n l is ted men in ear l ie r  e r r o r s ;  in principle , he wil l  finally
r e e u t i n e  m i l i t a r y o p e - r a t i e e n s  ( s e e  Figure ’  9). ach ieve-  a n -iaximum score .  R e s u l t s  of stu-
Stetd y cf the posi t ion d c - f e - r i s e -  s i t u a t i e ,n  of the den t s ’ per fo rmance  can be cal ibrated by what
p e n t on l ic  in f a n t r y  d i v i s i o n  led tee cha r a c t e r -  may be cons idered  the best possible per-
i z ing  the ’ land nav i ga t iona l  a b i l i t i e s  rc ’q u i r e d  f o r m a n c e .
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‘rask REPAIR , dealing with t raining application and is not adjusted to one specific
e l e c t ron i c s  maintenance  personnel , com- use .  Developing a prof ic iency test  for  a
p a r e d  an ex i s t ing  course and an experimental  t raining program which has been der ived
cou rse ( see-  Fi gure  11). Proficiency assess -  f rom a sys t ems- job  analy sis an d o r ie n ted t o
ment  included data on how graduate s of the a specific job is a new context , d i f f e r ing
exis t ing  and e x p e r i m e n t a l courses  compared f r o m  the classical  one , and requires adapt-
with one ano ther  a f t e r  six months of field ing concepts of p sychomet r i c s  to this new
ex per ience .  Such data would indicate whether  context.
di f f e r e n c es betwee n gr aduate s of the tw o Fir st , let us cons ider  the key concept of
cou r s e - s  d isappear , dec rease , increase , or psychometr ics- -val id i ty .  Althoug h seve ra l
become r e v e r s e d  by field experience.  The var iet ies  of va l id i ty  have been de f in ed , the
data e m e r g ing f r o m  the fol low-up study,  basic concept r e f e r s  to the a g r e e m e n t  of tes t
while usefu l , we r e quite incomplete. Despite scores with an e x t e r n a i c r i t e r i o n — o r  to gen-
special a r r a n g e m e n t s  for  controlled ass ign-  e ral ize  a bit , checking adevelopment  product
ment  of subjects , howeve r , many subjects against  something with an independent ori gin.
served out of the i r  MOS , and the controlled Since work in a sys tems-analytic f r a m e w o r k
asci g n m e n t s  did not work out as planned.  beg ins with a sing le s y s t e m s - j o b  model f rom

It is evident  f r o m  these examples that which is developed both a t ra ining program
the re- is no sing le , standard format  for  pro- and a prof ic iency tes t , the asse s s m e n t  of
f i c i e ’ncy  te s t s ,  Each t ra in ing program pre-  p rog ram graduate s cannot  sensibly be thought
sen ts  e i t h e r  a special fea ture  or a special to be independent  of the p rogram.  In effect ,
ques t ion , and the nature of a job sample test  assess ing graduates  of a t raining p rog ram
m u s t  be adapted to the training program.  is a peculiar kind of r e l i a b i l i t y— h o w  do

In the c lassical  psychometric  f rame - the two d i f f e r e n t  developments  of a sing le
work  a test  is developed for  a wide range of sys t em- job  model match?
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Task NICORD
Fi gure 7

Instead of independent validation s we range and exercises  simulated operat ions
need f o r m a l  procedures  to de t e rmine  how well , the compa r ison b y means of TRAIN-
eff ec t ively the p ro f i c i ency  tes t  t ru l y de r ives  FIRE exercises  make s perfect l y good sense.
f r o m  the s y s t e m - j o b  model. The assessmente  of course , was not inde-

A good i l lustrat ion of jo in t  ori g in is to pend3nt of the t ra in ing .
be found in the t ra in ing p rogram and prof i -  In Task SHOCKACTION , an a t tempt  was
c iency  tes t  of task TRAINFIRE.  TRAINFIRE made to es tabl ish  part ial  independence be-
was based on an anal ysis  of r ifle f i r ing  in twee n t ra in ing  p r o g r a m  and prof ic iency  test
comba t , and produced a s y s t e m - j o b  model by ha ving two independent  research  tear-os--
showin g the r i f leman ’ s jo b to be an i n t e g r a -  one to develop the t r a i n i n g  p rogram , the
tio n of locat ing,  ident if y ing,  and rap id ad-  other to develop the t e s t .  This a t t empt  to
d re s s ing  of f i re  to a target .  The TRAINFIRE produce independence did not  succeed , as the
range was developed as a s imulat ion vehicle teams used somewhat  d i f f e r i ng  sys tem-job
and the tr a in ing  p rogram was developed to models.
teach these p rocedures  and allow their  prac-  I believe we need more  sop his t icated
tice in an in tegra ted  f a sh ion,  concepts of val idi ty  i f we are  to use ’ the very

A s i mu l a tj o n e x e r c i se  on the TRAINFIRE powerful  tool of sy s t ems  anal ys i s .  Wha t  is
r an ge was employed for  assessing prof i -  ordinar i l y the g r o s s e s t  of i m p r o p r i e t i e s - -
cie- r e c y ,  which included compar ing  TRAIN-  compromis ing  validity by tea chin g the t es t
FIRE and g radua tes  of the standard cour se,  i t s e l f— m a y  be the opt imum approach to a
On th e su r face  this  compar i son  may seem t ra in ing  program.  This is so if a small
hardl y fa i r , since- ‘I’RAINFIRE graduates number of tasks  and a small number  of cir-
were  tested on the range where  they had cumstances  for their  app l icat ion charac te r ize
t r ai n ed , on an exe rc i se  s imi la r  to the i r  the job adequatel y.
t r a in ing  e x e r c i s e s , while the compar i son  Rel iabi l i ty  is anothe r key  con cept of
g roup ’ s performance’  was assessed  by a classical  psychomet r i c s .  For the specific
s t range  exe rc i se  on a s t range  f i r i n g  range.  purpose of evaluat ing a sy s t e m s - a n a lytic
H oweve r , a s s u m i n g  that  the ’ s y s t e m - j o b  model t r a in ing  p rogram , r e q u i r e m e n t s  for  tes t  re-
was appropria te  and that  the TRAINFI RE l iabi l i ty  depend upon pa r t i cu la r s  of sys tems
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Theoretical Population of Job Tasks
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Task FORECAST
Fi gure 8

needs .  When the object ive is to produce a pencils.  A p ro f i c i ency  test  o m i t t i n g  such
g iven average  prof ic iency  among graduate s act ivi t ies  probabl y unders t a t e s  the propor-
of a t ra in ing  p rog ram , reliabili ty is best tion of required tasks clerks can accomplish.
thou ght of in t e r m s  of s tandard e r r o r s  ren-  But , it seems foolish to waste r e sea r ch  test-
dered into a fiducial limit fo rm.  Granting an ing t ime a s s e s s i n g  pe r fo rmance  on what
unbiased test , onl y a very  modest  t e s t - r e t e s t  everyone  can do or on what  no One can do;
reliability may be needed.  Other things  an e f f ic ien t  way to develop a prof ic iency test
being equal , a somewhat  more  reliable tes t  may be not very d i f fe ren t  f r o m  normal  i tem
wi ll be required when the object ive  is to anal y s i s .
produce a par t i cu la r  proport ion of g1’aduates The concept of sample in job sample
who meet a specif ied level of p rof ic iency,  tes t  should be considered as a useful  or ien t -

The goal of a part icular  t raining pro- ing notion , but not taken literally. For most
gram may be quite i d io sync ra t i c .  Develop- jobs , a complete l is t ng of job tasks is likel y
ment  resources  can be -used  more ef f ic ient l y to be impossible ; even if it were possible to
by t a i lo r ing  speci f ica t ions  for  tes t  reliabili ty li s tal l  tasks--no mat te r  how easy or t r iv ia l — -
to a par t icu lar  development .  Using ra ther  it is unlikely that the comp lete l is t  would be
eleme n t a r y  s ta t is t ical  re la t ionships , and tak- useful .
ing the prec ise  s ta tement  of required course  Developing meaning ful i tem weights  fo r
output , the like ly st an da r d dev ia t ion of a t e s t , job  tasks , or identif y i ng absolu tely crit ical
the numb ’er of subjects  to be studied , and the tasks  cannot  be easil y accomplished. The
des i red  accuracy in the evaluation , a spe - very  simple approach of counting i t ems  or
cific value fo r  the needed tes t  reliability can tasks cor rec t l y per formed assumes , unten-
be co mpu ted . abl y, that all tasks  are  equall y impor tan t .

A job sample tes t , is , in pr inci ple , a However , since there are typically in t e r -
rando m sam ple of jo b ta sks . What  is reall y i t em cor re la t ions , it is  li ke ly that a simple
the complete population of’job t a s k s ?  Prob-  count score would corre la te  ve ry  hi ghly with
abl y eve ry  job  includes r equ i remen t s  that one der ived f r o m  a formal  wei ghting sys tem.
are so simple that  no one would sensibly
bother  to test  t hem;  nonethe less  they are  APPROACHES TO COSTS
par t  of the job and if one wished a clear index AND FEASIBILITIES
of overall job capabili ty they need to be taken
into cons idera t ion .  For example , a leg it i-  It is tempting to use cos t  account ing to esti-
mate part  of c lerk’ s job may be sharpening mate the “cost” of a t ra in ing program ,
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Task PATROL ~

Fi gure 9

especially one being developed as a subst i -  faci l i t ies  au thor ized ,  A program is then de-
tute for  an exist ing p r o g r a m .  However , the veloped within such cost constraints ,
value of p e r s o n n e l — t r a i n e r  and t ra inee-- is  HumRRO and the A r m y  feel uncorn fort -
not  si mply the salary,  q u a r t e r s , and ra t ions  able when cost ques t ions  are not neu t ra l i zed .
costs. HumRRO recommends  a program when it

Earl y HumRRO effor t s  dealt with the feels  the gain is worth  the cost ;  the A r m y
que stions of effect iveness - cost trade-offs ~~~~~ts a program when key mi l i ta ry  people
by neut ra l iz ing  the issue in one of two spe- feel it is wor th  it .  Both H umR R O  and the
cial cases: achieving prof ic iency equal to a Army deciders would p re fe r  a more formal
standard program for  less t raining cost , or basis for such dec is ions .
achieving superior prof ic iency  with no more  Headway can be made with a sophis ticated
training cost. The quest ion of precisely what kind of account ing .  The ma themat i c s  p rob—
equation should be used to balance cost and ably exist  in u t i l i ty  theory  or models of allo-
ef fec t iveness  is not critical to such evalua- cation. I am optimistic about the possibi l i ty
t ions .  of f inding  or developing a fo rma l  approach ,

Other tasks , however , left these special one undoubtedl y drawing heavi ly  upon Opera-
cases.  TRAINFIRE , for example , may be tions Research  data and methods .
in te rpre ted  as a t ra in ing  program in which
improved proficiency resulted , but at sub- EVALUATING THE
stantial  cost  for  implementat ion.  Without  SYSTEM-JOB MODEL
resor t ing  to a formal equation , a decision
was made that the increase  in r i f leman ef- - The sys t em- job  model is a t r a n s l a t i o n  of the
fec t i venes s  warranted the inves tmen t ,  variet ies  of operational realities , with their

A number  of other t ra in ing  p r o g r a m s —  viciss i tudes , into an idealized symbolic ana-
p r imar i ly new i tems  r a the r  than rep lace- log. It is useful to think of operational real-
ments for  exis t ing  p rograms—deve lop  by i t ies as an open sy s t em--one in which things
ascer ta in ing  the amount  of t r a in ing  time and not conceived may a s sume  grea t  importance.
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Idealized Job Performance
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Task HELFIRE ~, us,

Figure 10

On the othe r hand , the job model , bei ng c h a r a c t e r i s t i c s, Social and Management  Sci-
idealized , may be viewed as a closed sys tem ence knowled ge , equi pmen t  s imula t ion .  The
model - -one conta in ing  all tha t is re levant,  use of these sources can be i l l u s t r a t e d  by
An open sys t em may be vie wed as one with - tasks in which a par t icular  one is hi ghli gh ted .
out a houndry ,  and we must  produce some - In RI F L E M A N , the i n f an t ry  reconnais-
th ing wi th  a boundary in order to proceed sance s i tuat ion was used to develop the model
t o w a r d s  a t raini ng p rog ram.  In drawing the for  land navi gat ion required  of the i n f a n t r y-
b o u n d a r y ,  wis e -  d ec i s ions  m u s t  be made to man.
inco rpo ra t e  in the model  things likely to be In SHOCKACTION , a sample of person-
im po r tant . nel in an MOS kept a dail y act ivi ty  lo g, re-

With in  Hu m RR O , the job  model is ito — co rd ing  a runn ing  account  of all ac t iv i t i e s .
p licit  in s ta tements  of pe r fo rmance  requ i re-  In UNIT , unit  c o m m a n d e r s  were pre .
me n t s , t r a in ing  object ives , and t h e con t e n t s  sented wit h a n exha u s t ive  l i s t  of ac t i v i t ie s
of the- t r a i n i n g  p rogram and prof ic iency  test ,  and asked to indicate  which on e - s  we re  i m —

We do not  have c r i t e r i a  to validate ’ the por tant  in the job .
job mod e l—whe the r the model is p r imar i l y Task FORECAST focused on the-  propo-
ou r s  or comes read y-made ’  in the f o r m  of sit ion that  any pa r t  of a piece of e l ec t ron i c
CONARC developed or au thent ica ted  T r a i n -  equi pment  mi ght  f a i l  and it was the r epa i r -
ing Ob jec tives .  We have in their  stead d set  man ’ s job to c o r r e c t  an y  malfunct ion .
e e f p r o c e d u r e s .  Task OFF 1RAIN , in addi t ion to stud y i n g

Gen ~-ra1l y ,  d e v e l o p i n g  a s y s t e m - j o b  l eade r sh ip  fu n c t i o n ing  in I n f a n t r y  P la toons ,
mode - I  for  a t r a i n i r e g  p rogram draws  upon d r e w  heavi l y upon s ta te  - c f - t h e  - a r t  knowled ge
seve’ ra l  s ou r c e - s  e ef  i n f o r m a t i o n  and Con- on leadershi p in develop ing a t r a i n i n g  pro-
cep t s .  Among  them are :  tac t ica l  and o rgan -  g r a m  for  j u n i o r  l e a der s .
iz a t i o n a l d o c t r i n e - , dia ry  r eco rds  of a c t iv i t i e s , Task O V E R D R I V E , concerned  wi th  a
ope r a t i n g  s u per v i s or  jud gme n t s , equipment  t r a in ing  p r o g r a m  to ap e - r a t e  not  y e t  se lected
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Follow -Up Testing After Job Experience

Task REPAIR 
1 

-

~~~~~~~~~~~ ~Z9 ~~~ 
31

Fi gure  I I

Ground E f f ec t s  Machine  equ ipment , is pro-  In c o n c l u s i o n , I be l i eve -  t h a t  H u rn R R O
ceedin g b y s imula t ing  o p e r a t i n g  c h a r a c t e r -  has  produce d  a nu m b e r  ~f good s y s t e ms-
i st ic s  of t e n t a t i v e  dc-si gns  to ascer ta in  what  anal yt ic  t r a i n i n g  p r o g r a ms . In the c o u r s e  of
the job of opera t ing  the GEM is l ikel y to be . t h e i r  p r o d u c t i o n , we have con t inua l l y lear ned

The deve lopment  of a j o b  model is a m a r e -  e f f i c i e n t  w ay s  to produce’ b e t t e r  pro-
c rea t ive  act , c om i n g  f r o m  the p e r c e p t i o ns , gr a m s .
wisdom , e xpe r ience , and values of the Cr ” -  P r o d u c i n g  and eva lua t ing  t r a i n i n g  p r o -
a t o r s  and is , hence , quite  subjec t ive . Pro- g r a m s  have  r e s t - d  v e r y  h e a v i l y upon the-
ced ur e - s  have deve loped  to guard a g a i n s t  a r t i s t r y  and jud g e m e n t  of both m i l i t a r y  and
idiosync rasy:  r e sea r ch  p e r s o n n e l .  Notab le  advances  in the

- F i r s t , it is  Hu m R R O  prac t ice  and a l m o s t  e f f e c t i v e n e s s  of our t r a i n i n g  t e chn o l e~,’y can
Hu m R R O  dogma tha t  such anal y s e s  be p e r -  come f r o m  a close stud y of the e l e m e n t s  of
fo rmed  by more - - than one r e - s e a r c h e r  a r t i s t r y  and jud g m e n t  in orde r to r e n d e r

S- c o n d , w i t h i n  Hum RR O , th e  r e s e a r c h  the m more  f o r m a l  and publ ic  processes , and
su p e r v i s o r - - t h e  local Di rec to r  of Resea rch -- more amenab le  to concer ted  i m p r o ve m e n t .
moni to rs the e f f o r t .  Fo rmal  t r e a t m e n t  of c o s t - e f f e c t i v e n e s s  equa-

Thi rd , the r e sea rc he r s ’ model is d e v el -  tio ns  is needed .
oped i n close c o n j u n c t i o n --o ft e n  col labora-  In addi t ion , fo r  p r o f i c i e n c y  a s s e s s m e n t
t i on  - -wi th  m i l i t a r y  peop le of the ’ t r a in ing  and we need a more  use fu l  t e s t i n g  concept  than
opera t iona l agenc ies .  the job sample;  we need fo rmal  ways  to en-

Four th , each u n i t  has a m i l i t a r y  ch ie f - -  sure  that  the ’ te ’st  m a t c h e s  the job model ;  we
a f ield grade o f f i ce r  wi th  r e l e v a n t  branch need to devise  pract ical  w ay s  to s c o r e -  t e s t
ex p e r i e n c e - - a n d  addi t ional  m i l i t a r y  expe r t s  r e - s u i t s - - t a k i n g  in to  special  account  the es-
on t h e  s t a f f  to make  mi l ita r y data , conce pts , sent ia l  job tas ks and c o n s i d e r i n g  the  irnpor-
a nd e xpe r i ence  readi l y ava i l ab le .  t an ce e) f jo b tasks  r e l a t i v e  to one a n o t her ;

Th e se -  p r o c e d u r e s  make the model the we need to f i t  p r o f i c i e n c y  tes t  c loser  to SVS -
product  of t h e -  c r e a t i v i t y  of many  d i f f e r en t  tern spec i f i ca t ions .
pe’op le.  M o s t  par t icular ly ,  it  i s  a j e c i n t  prod - For the a s s e s s m e n t  of t r a i n i ng  p r o g r a m
t~~t of psychological  science and exper ience ’ , c o s t s , ~w e- need ways  of a s s e s s i n g  the opera-

and m i l i t a r y  science ’  and expe r i ence .  t ional  value s of f a c i l i t i e s  r e q u i r e d  for  a
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t ra in ing  program;  we need to become more for job models ; we need to become more
inven t ive  in t ra in ing management  to mini-  sophisticated in sys tems and job analysis ,
mize costs without  compromising t ra in ing;  especially in the ep istemology of preparing
we need to learn to use Operat ions Research models ; we need to become more thoroug h ,
f indings mor e e ff ectively , more formal , and more explicit in describ-

For develop ing and evaluating sys tem- ing models ; and , finall y, we need to learn to
job-models ,  we need to improve  data ga the r -  repo rt a formal , doc u mented , c r i t iqued j ob
in g te chni ques providing an empirical basis model on a new train),ng program .
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5D. HUMAN ENGINEERING IN MATERIEL DEVELOPMENT

Leon ‘F. Kate hmar

t . S. Arm s h u m a n  Eng ineer in g  Lals rat orie s
Aberdeen I’ro’e-i n g Ground. M ar y land

In the L e e n g - R . e n g e  T e c h er i c il O b j e c t i v e s  Gu ide  4 . F e a s i b i l i t y  R e s e a r c h
re ’cen tl y p r e p - e r e d  b~ the U.  S. A r m y  M , L t e r i e l  5. D e v e l o p m e n t
C o m m e n d , the  f o l l o w i n g  s ta t e m e n t  a p p e a r e d :  6. End I tem Eva lua t ion  (USATEC)

The whole -  A r m y  M ,e t e  r i d  Co m m a n d  p r o -  These six Ste -ps , as you will r e c o g n i z e ,
g r e n c  i s  d c - v o t e d  to~~,e r d  e n h a n c i n g  man  es a a r e ’  an i d e a l i z e d  r e p r e s e n t a t i o n  of a m a t e r i e l
p e r t  of weapon  s y s t e - n c ~,, W h e n  t a k e n  out  of d e ve l o p m e n t  cycle  and I do n o t  er a - a n  to impl y
c o n t e x t , t h i s  i s  a r - - e - r n ph a s i s  of the  well — tha t  i t  is  i nv io l a t e ; h o w e v e r , th e - s e  s t ep s  can
w o r n  s t a t r - n e ( - n t  t ha t  a- chine- s do not  fi ght  be ident i f ied  wi thin  the total  m a t e r i e l  p r o —
alone  and t h e t  t h e -  n e - e d e x i s t s  f o r  c o m p a t i b i l —  g r a m  and all are  e l e m e n t s  that  e x i s t  con-
i t y  b e t w e e n  men and e q u i p m e n t .  In o r de r to c u r r e n t ly .
a c h i e ve- comp~e t i b i l i t y ,  i t  is n e c e s s a r y  to Idea l l y ,  we would f o l l o w  the s t r u c t u r e
un d e ’r s t a n d  the ’ t h i n g s  t h a t  a r e  to be m a d e  ou t l ined  e h ov e -  d u r i n g  a m a t e r i e l  deve lopmen t
compat ib le’ . In o u r  c a s e -  t h i s  is  men and cycle ; h o w e v e r , in this  p r e s e n t a t i o n  I i n t e n d
m a t e r i e l,  to t ake  the r e - v e r s e  a p p r o a c h  by s t a r t i n g  w i t h

M a t e r i e l  is p r e ’d o m i nan t l y p r e d i c a t e d  on Step 6 and p r o g r e s s i n g  back to Step 1. Ac -
t e c h n o l o g i ca l  a d v a n ce s  i c e  the ’ ph ys i ca l  sci-  tual l y ,  t h i s  r e v e r s e  o r d e r  is  the  m a n n e r  in
ences  whe- re  b e h av i o r  i s  p r e ’d ic t ;eb le , w i th in  which formal  human eng i n e e r i n g  s t a r t ed  in
l i m i t s , based on ph y s i c a l l a w s  and p r i n c i ples,  the A r m y O r d n a n c e  C o r p s .  Many of our per -
For the’ h u man , howe ’, c r , the proble m is sonnel have  called th i s  backing into the prob-
sli gh t l y d i f f e ren t. Ph y s i ca l l y and  an th ropo -  1cm. Each back ing  s tep,  h o w e v e r , was  made
m e t r i c a l ly m a n  can be- c~eta l r e g u e - d  q u i t e -  s u c -  on added c o m p e t e n c e .
c e s s f ul l y ,  w h e r e - e s  t h e -  f l e x i b i l i ty  and adap t -  The i n i t i a l  w o r k  of the H u m a n  Eng i n e e r -
ab i l i t y  of m ere  as pa r t  of a m a t e r ie l  sy s t e m  ing L a b o r a t o r i e s  (es tab l i shed  in 1950) con -
is  q u i t e  d i f f e r en t  end r e q u ir e ’ s de t,e il ed  knowl -  ce n t r a t e d  on p e r f o r m i n g  e v a l u a t i o n s  of end
ed ge c o n ce r n i ng  how m e n b e h av e - s  in h is  role i t e m s .  The i t ems  eva lua ted  w e r e  many  and
a s  a sy s t e m C o mp on e n t . C o m p a t i b i l i t y  in t h i s  v a r i e d ;  f o r  e x a m ple , t a n k s , h o w i t z e r s , ye’ -
s e e e ~~e- r eq u ir e s  a comp lete  s t r u c t u r i n g  of h id e’ s end m i s s i l e s .  T h e s e  i n i t i a l  e v a l u a t i o n s
both c - i c - m e r i t s  to e n h a n c e -  the to ta l  sys te - In . w e r e  conduc ted  a g a i n s t  the exp l ici t  and im-

The hum , ,n eng i n e e r i n g  por t ion  of the pl i c i t  requ i r e m e n t s  s ta ted  in the m i l i t ar y
A r m y  Mate r ie l C o m m a n d ’ s Hum,in Eng i n e e r -  c h a r a c t e r i s t i c s , such as loadin g r a t e s , ac-
i r i g  L a b o r - e t o r i e ’ s  i s  des i gned to be re sponsive cu racy ,  and coun tdown  oper a t i o n s , to name
t e e  end in suppor t  of the m a t e r i e l  r e s e a r c h , j u s t  a few . These e v a l u a t i o n s  se rved two
deve lopmen t , t e s t  end  evalua t ion  p r o g r am s .  d i s t inc t  purposes .  The f i r s t  and p r i m a r y
While  the H u m a n  Eng ine ’e r ing  Labora to r i e s  purpose was to educate our human  e n g i n e e r -
do not  have  m - e t e r i e l  des i gn r e sp o n s i h il i t i  s , ing  pe r sonne l  in mi l i t a ry  equi p m e n t ;  that  is ,
thei r m i s s i o n  is to a s s u r e  that  ma te r i e l  de-  the eng inee r ing con s i d e r a t i o n s under ly in g the
si gn is  c o m p a t i b l e  wi th  the i n t ended  use r  eq’ii p m e n t  and i t s  in tended m i l i t a r y  p u r p o s e s
unde r  all an t i c i pat e ’d t a c t i c a l  and envi ron -  as d e f i n e d  by mi l i t a ry  c h a r act e r i s t i c s  and
menta l  c o n d i t i o n s .  In the- b roades t  sense , the re qu i rements .  The second was to uncove r
u l t i m a t e -  c r i ter i o n  is tha t  ma t e r i e l  will  not  i ncompa t ib i l i t i e s  which could be rec t i f i ed
b e- m a n - l i m i t e d , wi th  re la t ive l y l i t t le  di ff ic u l ty  fo r  ,the b e t t e r -

The ass urance  of compa t ib i l i t y  is a con-  men t  of the A r m y  and , i n c i d e n t a l ly ,  to j u s t i f y
t inua l  p r o c e s s  w h i c h , the- e r e ’ t i c a l l y ,  h,, s ,e the e x i s t e n c e  of the human eng i n e e r .
beg i n n i n g  and an  end .  F u r t h e r m o r e , as an I he f i r s t  purpose  was  o u t s t a n d i n g l y suc-
a s s u r a n c e  p r o g r a m , it r e q u i r e s  c r i t e r i a  cessfu l  as an educa t iona l  e f f o r t .  The second
ag a i n s t  wh ich  i t  can be eva lua ted .  l’he de- - purpose ’ was success fu l  in uncove r ing  opera-
velo p m e n t  and app l i ca t ion  of human f a c t o r s  t ional  i n c o m p a t i b i l i t i e s , but r e l a t i ve l y un-
en g inee r i ng  c r i t e r ia  are ’  the subject of p r i -  successful  in solving them excep t  by recom-
ma ry  c o n c e r n ,  mended procedura l  changes  which  n e c - r e l y

For the purpose ’ s of thi s p r e - s e n t a t i o n  we by passed the pr oblem , rat her  than so lv ing  i t
C a n  conce p t u a l i z e -  the m a t e r i e l  d e v e l o p m e n t  t h roug h m a t e r i e l  desi gn .
cycle  a s  f ed l ows :  F rom this  in i t ia l  work , t h r ee  co n c lu sio n s

1. L o n g - R a n g e  F r - c h n i c a l  Object ives  were  reached . These c o n c l u s i o n s  were  well
( G u i d a n c e )  known  be fo rehand ; however , we now had ou r

~~. E x p l o r a t o r y  R e s , - , erch  own va l ida t ion .  The c o n c l u s i o n s  were :
3. Sp e c i f i c  M a t e r i e ’ l Object ive or R e -  1. Redes i gn r ecommenda t ions  to over-

e j e i r e m e n t .  come ope ra t i ona l  incom pa t ib i l i t i e s  at the
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e n d - i t e m  s tage ’  ,e r e cos tl y , di f f i cu lt  to inip li’- A p o i n t n c u s t  b~’ made  wi th  r e s p e c t  to the
m ei e t , end mi ght  a f fe ’ c t  s oni c ’ o t h e r  p a r t  of the u t i l i za t ion  of the ’ c r i t e r i a  conta ined  in h u m a n
s y s t e e e e , t h u s  n e c e s s i t a t i n g  a comp lete sub-  eng inee r ing  s t andard s and g u i d e s .  D ocu m e -n t s
sy s t e m  r e d e s i g n .  of th is  type , while  they  a re  a produc t e,f

~~. Su p e r f i c i a l l y ,  some of the i n c o m p a t i -  h u m an en g i n e e r i n g , , i r r -  not the f ina l  p r oduc t .
bi l e t i , - s  could e f f e c t i v e l y be masked by m di-  i h e y n e u s t  be cons ide red  as a ids  to the ’ d c -

v idua l  e f f or t  - m d  the i n h e r e n t  f l ex ib i li ty  and si gne r , and do no t  obv ia te  the ’ ne ’e ’d f o r  ireb -r-
ada ptab i l i ty  of the ope ra to r , or m asked by pre ’ tation b y c o m p e t e n t  h u m a n  f a c t o r s  pe r -
i n t e n s i v e -  or e x t en s i v e  t r a i n i n g .  This  m a s k -  sonne l .  One of the basic r e a s o n s  fo r  this  i s
in g e f f ec t  can be found to work  under  no rma l  that  human e - r e g i r e e e r i n g  c r i t e r i a , while-  the y
r ou ti n e ope r a t i o n s , but where ’  ope ra t iona l  can be stated q u a n t i t a t i v e l y ,  c r c -  of t e n  best
condi t ions  c r c  s t r in ge nt enoug h , the incom-  expressed  qua l i t a t ive l y wi th  an imp lied range
pat ib i l i t y b e - c o me s  u n m a s k e d ,  of a l t e r n a t i v e s ;  for  e x a m ple , e n t h r o p o m e t r i c s ,

3. There is  a lack of s t andard izat ion  of whi le  q u a n t i t a t ive , are ’  hi g hl y ta s k- d e p e-n d e n t .
c o m p o n e n t s  f r o m  sys t em to s y s t e m  or wi th in  In one of our c u r r e n t  a i r c r a f t  all  c o m p o n e n t s
a g iven  s y s t e m .  are  accessible dur ing  n o r m a l  fli ght ;  h o w e v e r ,

While ’  the end i t ems  e v a l u a ti o n s  conducted when buckle ’d down for  l and ing  or take -off ,
c o n t r i b u t e d r e l a t i v e l y l i t t l e  to the i tems ce rtain key componen ts  a r e  d i f f i c u l t  to r e a c h
the m se l v e s , the in f o r m a t i o n  gained was  in-  as a r e su l t  of t o r s o  c o n s t r i c t i o n .  Still othe r
va luable in t e rn i s  of uric~~ver ing  s h o r t c o m i n g s  c r i t e r i a  may be stated in a f a sh ion  desi gned
be tween  o p e r a t o r s  and the m a t e r i e l  eva lua ted , to ma x i m i z e  or m i n i m i ze ;  wei ght  and safe ty
th u s hi ghli g hti ng the i mp o r t a n t  a r e a s  to be r e q u i r e m e n t s  are examples.
c o n c e n t r a t e d  on in new deve lopmen t s . A si gni f i c a n t  po in t  to be r e m e m b e r e d  i s

An a d d i t i o n a l  si gn i f i c a n t  a spec t  of these that  human  f a c t o r s  cng i n e e r i n g is but one of
eva lua t ions  was the fac t  tha t  they  were  f ie ld the many i n t e re s t s  in the desi gn p rocess  and
ev a l u a t i o n s , u t i l i z ing  the actual l y a s s i gn ed t he r ef o re  is , by n e c e s s i t y ,  fo rced in to  the
pe r sonne l  u n d - r  field opera tional c o n d i t i o n s , t r a d e - o ff game.
w h e r e  poss ib le ’ . An examp le of the tra de -o f f  p rocess  can

Armed  with exper i ence  and i n f o r m a t i o n  be found in the PERSHING s y s tem ’ s f i r e  con-
ga ined  t h r o u g h such eva lua t ions , the nex t  t rol hut .  Thi s desi gn called fo r  an H con-
log ical  p r o c e s s  to ba ck i n t o  w as  m a t e r i e l  f ig u r a t i o n .  On one -’ side of the H was located
then  u n d e r  de ve lopment .  This was  accom-  a checkout  ope ra to r , whi le  on the-  ot her  side
pu shed unde r  two se para te  ac t iv i t i e s . The was located a d a t a - i n s e r t i o n  o p e r a t o r . lh r -
f i r s t  w a s  de ta i l ed  c o n s u l t a t i o n  w i t h  the p r o j e c t  H conf i g u ra t i o n  wa~ based on a t w o -e a a n  op-
eng inee r s , fa m i l i ar i z a t i o n  with m i l i t a r y  c h a r -  e r a t i o c ;  the e l ec t r i ca l  c a b l i n g  r e q u i r e d  to
ac t e r i s t i c s  under l y in g the development , and connec t  the e l ec t ron i c s  c o m p o n en t s  on both
an a lyses  of the ’ m a t e r i e l  desi gn . Fo r tunate l y,  sides of the hut  r an  t h roug h the ba r of the H.
du r ing  develo pm en t  o f t e n t i m e s  mock-ups  or In t e r m s  of the g e n e r a l  human  fa c t o r s  cri-
eng i n e e r i n g prototype s were  in exi s t ence  te r ia  of w o r k s p a c e  a l loca t ion , c o n t r o l s . dis-
which  pe r m i t t e d  the cond u c t of a t l eas t  pa r tial  pla ys , ill u m in a t i o n , e t c . , the ’ des i gn w a s  corn -
evaluat ions where  possible re p re sen t a t i ve  ple- t e - l y s a t i s f a c t o ry .  In r e - v i e w i n g  the des i gn ,
u se r  personnel  were  used .  Also , eva lua t ions  however , human  f a c t o r s  pe r s o n n e l  ques t i oned
and an ; c l y s - s  of b luepr in ts  uncovered many the H conf i g u r a t i o n .  A se r i e s  of op er a t o r
incom pat ib i l i t i e s  which could be co r r ec t ed ,  t asks  and work load  anal y sc -s were  conduc ted
I t mi g ht be added that  the sys tem changes  which  d e m o n s t r a t e d  tha t  two operators  w e - r e
which were  inco r pora ted  most  easi l y into u n n e c e s s a r y  i f a j u d i c i o u s  c o m b i n a t i o n  of
design were those which could be documented tasks were made, An alternate U configura-
e s  an i n c o m p a t i b i l i t y  fo und in a p rev ious  c-nd t ion , r e q u i r i n g  onl y one o p e r a t o r , w a s  p r o -
i tem eval uat ion .  This hi ghli ghti ng of p r ev ious  posed and accepted. One mi ght ask:  F rom
desi gn e r r o r s  l en t  va l i d i t y  to the r ecom-  i - I conf i g u r a t i o n to U conf i g u r a t i o n  and f r o m
mended changes .  two o p e r a t o r s  tu one opera tor - - i s  it that i rn-

‘Ihe seco nd ac t iv i ty , cond ucted concu r -  p o r t an i ?  ‘1 he a n s w e r  is: Abso lu te l y ye -s ,
r en t l y wi th  the c o n s u l t a t i o n  ac t i v i t i e s , co n- Onl y uric opera to r  is requi red , but t h e r e  i s
c e n t r a t e d  on the a c c u m u l a t i o n  of hu ie~a n r oom f or two , if des i red , or i f t r a i n i n g  re ’-
f a c t o r s  d ec ta , such as i l l u m i n a t i o n , a n th ropo-  q u i r eme n t s  dic ta te . F r o m  the ’ eng inee r in g
met r ics , wo r k s pace la y ou t , d isp la y s , ar id  stand point , one door  was  e li m i n a t e d , th us
co n t r o l s  f e e r  spec i f ic  o p e r a t o r  task a r e a s .  In i n c r e a s i n g  the s t r u c t u r a l  i n t eg r i t y  of the hut .
th i s  a c t i v i t y  we w e r e  g rea t l y aide d by the The ’ c r i t e r i a  used to select  the U conf igura-
a v a i l a b i l i t y  of A i r  Force and N avy doc u m e n t s  t ion were ’ a m i n i m i z a t i o n  c)f num b e r s  e)f per-
in addition t ee  v a r i o u s  chap te rs  of the Jo in t  sonnel and the m a x i m u m  use ef human pe r -
Serv ices  Guide te , Human  Eng i n e e r i n g .  These f o r m a n c e  c a p a b i l i t i e s . ‘l’ he f a c t  that  it  was
data on h u m a n  engineering criteria were’ a l i t t l e  chea per to bu i ld  may  have also in-
given to the d e s i g n e rs , the reb y reduc ing  f luenced  the d e c i s i o n .
somewhat  the bu rden  of consu l t a t ion .  ‘l’he t rade -offs of th i s  type  c a n n o t  be ach ieved
d c - s i gne rs then used the c r i t e r i a  as a guide if we depend  e n t i r e l y on h u m a n  f a c t o r s  ba r ed -
and re ques ted  con sult at ion , when r equ i red .  ho oks  or s t a n d a r d s  to gu ide -  the ’ des i g ner .  In
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te r m s  of human  f a c t o r s  handbooks  or s t and-  ‘I he f i n al are-a  to be disc ussed is exp ire ra  -

ard s , the ’ des ig n e r s  had done a good job i i i  t o ry  re s ea rch .  As a point  of o r i e n t a t i er e , the
t his  case , but fo r  o -m a n o era t ion .  The l o n g-r a n g e  t echn ica l  ob jec t ives  p r o v i d e  o v e r -
anal y s i s  re qu i re d to e f fec t  human  pe r f o r m -  all ge n e r a l  g u i d a n c e .  Exp lo r a t o r y  r e s e a r c h
ance t r a d e - o f f s  in syste m desi g n m u s t  be- is that  r e s e a r c h  which  a t t e m p t s  to p rov ide
conducted by ceemp ete-n tl y trained human general knowled ge on human performance
f a c t o r s  sp e c i a l i s t s,  c h a r a c t e r i s t i c s .  Th i s  type of r e s e a r c h  can

The succe s s  ach ie ved in the app l icat ion be c o n s i d e r - d  a s  basic in n a tu re  and has  as
of human factors eng ineering princi ples and i t s  goal the d e s c r i p t i o n, u n d e r s t a n d i re g  and
c r i tc -r i a  to m a t e r i e l  unde r d e v e l op m e n t  n a -  i n t e r p r e t a t i o n  of b e h av i o r a l  p h e n or n en en .
t u ral l y led to the next phase , that of f e a s i b i l i t y  Our c u r r e n t  r e - s e a r c h  ccii  c o n f i n e m e n t  i s
research, an area which se-eks t e e  d e s c r i b e  the  b eh av -

The i n t r o d u c t i o n  to f e a s i b i l i t y  r e - s ea r ch  ior a l  changes , t h a t  is , p e r f o r m a n c e  dc-cr , --
— was to a g rea t  e x t e nt  p rec i p i t a t e d  by a state - ments , which  occ ur d u r i n g  period s of con-

men t  so of t en  made ’ d u r i n g  devel e p en e n t  w o r k :  f i nem e n t .  The independent  va r i ab l e s  a re , in
“Where were’ you g u y s  s i x  month s age)  ?“ B y addi t ion to t ime , such thin gs as c o m p a r t m e n t
f e a s i b i l i ty  r e s ea r c h , I r e f e r  to that  work  confi gu r a t i o n , s e a t i n g ,  c lo th i n g,  and g e n e r a l
which is p e r f o r m e d  fo l lowing  the s t a t emen t  e n v i r o n m e n t  va r i ab les  such as hea t , h u m i d i t y ,
of a spec i fic ob j e c t i v e ’  ar id p r i o r  to u n d e r -  noxious  fumes , and noise , to m e n t i o n  a f e w .
t aking ac tua l  d e - v e l o p e i e ~- n t .  Feas ib i l i t y is By u n d e r s t a n d i n g  the r e l a t i o n s h i ps be tween
conduc ted  to d c .  e lop and establ ish c r i t e ria behavioral  changes  and these  othe r f a c t o r s ,
agains t  which  a d e c i s i c e r i  t e e  develop a sys t em genera l ized  desi gn c r it e r i a  ma y be es tab-
can be made.  With  re spect to human f a c t o rs  lished which will app ly to new g e n e r a t i o n s  of
eng i n e e r i n g, t he crux  of the problem res ides  equi pment .
in the de ta i l ed anal y s i s  of opera tor  r e q u i r e -  We have now completed the cy cle or i g i-
men t s  and develop in g c r i t e r i o n  data with nall y dep icted. The p r e sen t a t i on  was o r i en ted
which ma te r i e l  des ign  mus t  compl y. a round a backing-up p r o c e s s  as r e g a r d s

As an example , I would like to br ief l y human  f a c t o r s  eng inee r ing . As you can see ,
des cr ibe the h um an f a c t o r s  en g i n e e r i ng f e a s i -  the ele ments  d iscussed ar e  not separa te
bilit y r e s ea r ch  for  the TOW missile syst em.  en t i t i e s , but r a t h e r  a cont inuous  f low of ac-
As a li g htweig ht , man- portable an t i t ank  t iv i t i es .  The plan of pr e s e n t i n g th i s  pape r as
weapon , the T OW c o n c e p t  imposed one pr i -  a backing-up p rocess  was as much de l ibera te
mary  r e q u i r e m e n t  on the opera to r .  Thi s was as it was an active p rocess  of r eg r e s s ion .
to mai ntain a c rossha i r  on a stationary or We all know that the last shall be f i r s t .
moving t a r g e t , pr ior  to f i r i n g , dur ing  f i r i n g ,  But let us r eo r i en t  our p rev ious  approach
and dur ing  miss i le  fli ght to the ta rget .  HEL and in fact  put the f i r s t , f i r s t , f or it is  at the
were  re quested to under take  the solution of a f i r s t  stage of the cycle that one has the
li g htwei ght tr acking mount to meet  TOW re -  g rea te s t  advantage in t e rms  of f lexibi l i ty  and
q u i r e men t s .  Wi thou t  going in to g r e a t  detail , t ime to conduc t  r esearch  which ma y have
the followi ng were  known: wide-scale  app licatio ns.  It is here , at the

I .  T r a c k i n g  accurac ies  requi red  could beg inning of the cycle , whe re  one ca n look a t
be obtai ned with a ra te  sys tem su ch a s that  new ideas and conce pts  of display in te gr a t ion ,
on the M48 t ank .  However , wei gh t and por t -  servo-anal ysis  of behavior , the dyn a m i c s  of
a b i l i t y  r e q u i r e -n a -n t s  e ssen t ia l ly e l iminated a motivation and the other  broad a reas  asso-
rate sys tem r e q u i r i n g  an external  power ciated with human p e r f o r m a n c e .  The r e su l t s
so u r c e ,  of this  r e sea r ch  prov ides  th e f oundat ion f o r

Z . ‘I wo h a n d - w h e e l  t r ack in g mounts  could es tabl ishing pr inc i p les an d c r i t e r ia f o r  new
not  satisf y the r eq ui r ed t r ackin g acc u rac ies , gen e ra t ion s of sy s t ems .
es pe ciall y in m a i n t a i n i n g  t a rge t  con tac t  d u r -  The pr inci ple i  est ablished as a r e s u l t  of
i ng and i m m e d i a t e l y afte r f i r i n g ,  r e sea rch  mus t  be ’ t r a n s l a t e d  in to  usable de-

Ve ry  b r i e - f l y ,  the  s o l u t i o n  to the pr ob lem si g n cr i t e r i a , t h en these  c r i t e r i a  a pp lied to
wa s a f r e e  moun t  wh ich  was v i scousl y dam ped ha rd wa r e des i gn.  The e f fec t iveness  of the
in its two p r inc ip le axes .  A f r e e  mount would hardware  desi gn will then validate the cri-
be s i m i l a r  to a camera r fe ounted  on a tri pod. t e r i a , th u s closing the loo p betwee n good re-
The v i scous  dam per p e r m i t s  the opera tor  to search data and total sy s t em e f f e c t i v e n e s s .
t r a c k  by apply ing  a c o n s t a n t  f or ce , thus  ap- In s u m m a r y ,  let  me make two major
p rox ima t ing  a rate  s y s t e m .  The data corn-  points:
pared favorabl y to that  achieved wi th  the M48 1. Human f a c t o r s  r e sea rch  should con -
sy s t e m .  This  r e s e a r c h  establ ished a man-  cen t r a t e  more  heavi l y on exp l o r a t o r y  re-
machine ’  coup le which was s imp le , accura te , se a rch  to de f ine  basic  p e r f o r m a n c e  charac-
and withi n d e s i r e d  wei gh t  r e q u i r e m e n t s . te r i s t i c s  of the opera tor  and e nhance these

Other  f e a s i b i l i t y  r e s ea r ch  in se ippor t  of c h a ra c t e r i s t i c s  t h rough  equi p m en t des i gn.
Special  Purpose  In f a n t r y  (SP IW ) and the T h r o u g h th is  ex p l o r a t o r y  research , c r i t e r ia
Medium Assau l t  Weapon ( M A W )  is c u r r e n t l y should be e s tab l i shed  whose va l id i ty  can be
in p r o g r e s s .  t e s t , ’d  th r oug h the deve lopmen t  cycle.
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.t . Fluina n f a c t o r s  e ’ng in e e r i i e g is  e sc i  - def i c i enc ies  or i n c o n i p a t i b i l i t i e  s

ence that  is ve ry del icate l y balance d on t h e’ in d e s i gn .

h o r n s  of a d i l enema :  b. If human f a c t o r s  r e q u i r e n u ’m m t s  a re
app lied th r ougho ut s ys tem  develop-

e .  I l i e ’  lack of h u m a n  fa c t o r s  app lica-  ment , they in c e s t  p robabl y wil l  r io t

tion th roug hout s yst e m s  d c - v t - l o p -  be recognized  as  an e n t i t y  because

meri t  is easil y r e c e e g n i z t ’ d  at  the ’ the - s y s t em will  fu n c t i o n  with  the

t e r m i nal stage’ t h r o u g h v , e r i c e U s  de’gree of e f f e c t i v e n e s s  i n t ended .

151

- - - -‘--S - -~~~~~~ ‘ - — 
- ‘ — c.s - - Srfr ’. -

~ ‘u,-- — — - - - — - - —



APPENDICES

1 , ATTENDANCE ROSTER (al phabetical)

2. Cu r r en t  Work Programs , Bibliographies and Biographical Directories of Professional
Pe r sonne l  of Human Factors  Research  and Development Activities of U. S. Army Agencies

A, U. S. Army Board for Aviation Accident Research

B. U. S. Army Materiel  Command

Chemical Res earch and Developme nt Laboratories

E lec t ron ic s  Resea rch  and Development Laboratory

Eng ineer Research and Development Laboratories

Human Engineering Laboratories

Miss ile Command

Mobility Command

Munitions Command -

Natick Laboratories

Naval Training Device Center

Weapon Command

C. U. S. Army Medical Service

D. U. S. Army Personnel Research Office

E. Huma n Resources Research Office

F. Special Operations Research Off ice

~-PRECEDING PAGE NOT FIU4ED
BLANK

- 
— 

-

~~~~~~ ~~~~~~~~~~~~~~~~~ 
,
~~ 

- 
~~



APPENDIX I
ATTENDANCE ROSTER

1, Dr. Henry E. Abbott 13 .  Mr. Robert W. Beckwith
Applied Psychology Corporation Manager , Information Systems
4113 Lee Highway Gulton Industries
Arlington , Virg inia Metuchen , New Jersey

2 . Mr. Jeff D. Abraham 14. Col. Robert F . Bell , MC
Test Programming and Evaluation De- U. S. Army Combat Development s

partment  Command Medical Service Agency
Fort Huachuca , Arizona Fort Sam Houston , Texas

3. Lt. Col. James M. Adam 15. Mr. George K. Bennett
Royal Army Medical Corps The Psycholog ical Corporation
Division of Human Physiology 304 East 45th Street
National Institute for Medical Research  New York 17 , New York
Hampstead , London , Eng land

16, Mr. Herbert  S. Bennett
4. Dr. Earl A. Alluisi U. S. Army Electronics Research and

Psychology Department Development Laboratory
University of Louisvil le  Fort Monmouth , New Jersey
Louisville, Kentucky 17. Mr.  Robert  W . Benson

Benson Associates, Inc.
5. Major Ralph E. Andrea Nashville , Tennessee

l l Z8 t h  Special Activities Wing
Fort Myer , Virg inia 18. Dr. Bruce 0. Ber gum

U. S. Army Air Defense Human Research
6. Mr. Abraham Anson Unit

USAE GIMRADA Fort Bliss . Texas
Fort Belvoir , Virg inia

19. Dr. Philip J. Bersh
7. Lt . Col. James K , Arirna U. S. Army Personnel Research Office

Hq, U. S. Army Combat Washington 25 , D. C.
Developments Command 20. Mr. Slavko N. Bje lajac
Experimentation Center Office , Deputy Chief of Staff for Military
Fort Ord , California Operations , Special Warfare

Department of the Army
8. Major Robert W. Bailey Washington 25 , D. C.U. S. Army Aerornedical Research Unit

Fort Rucker , Alabama 21.  Mr. Donald S. Bloch
U. S. Army Special Wa rfare School

9. Dr. Lynn E. Baker Fort Bragg, North Carolina
Human Factors and Operations
Research Division 22. Bri gadier General Robert E. Blount , MC
Office , Chief of Research and Develop- Commanding General

ment , Department of the Army U. S. Army Medical R&D Command
Washington 25 , D. c. Washington 25 , D. C.

10. Mr. Stanley E. Bania 23. Major Karl H , Borcheller
U. S. Army Electronics Research and Human Factors and Operations

Development Laboratory Re search Division
Fort Monmouth , New Jersey  Office , Chief of Research and Develop-

1 1 .  Mr. Jacob L. Barbe r , J r .  ment
Human Factors and Operations Research Department of the Army

Division Washington 25 , D. C.
Office , Chief of Research and Develop- 24. Mr. Robert 0. Bordermnent , Department of the Army Rock Island ArsenalWashington 25 , D. C. Rock Island , illinois

12, Dr. Robert W. Bauer
U. S. Army Human Engineering 25. 1st Lt . James C. Boudrea u, MSC

Laboratories U. S. Army Medical Research Laborator y
Aberdeen Proving Ground , Mary land Fort Knox , Kentuck y

155 .~~~~ ~~~~~~~~~~~~~

- PRECEDING PAGE NOT FILMED
BLANK 

- m—
~~ ‘~!~

‘--
, 

- ‘-S
~~

1
~táv ~~~~~~~~~~~~~~~~ -~D~ —~‘-i-~~~ ~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~ ~~~~~~ ‘~~ - .~ w~ ~g- ‘ -- -~ 

----i—-- - - - - 

.‘-‘ -



26. Dr. Donald M. Boy d 40. Mr.  Gerald Chaik in
Research Anal ysis Corporation U. S. Army Missi le  Command
6935 Arlington Road ATTN: AMSM I -RCR
Bethesda , Mary land Redstone Arsenal , Alabama

27. Dr. Reginald B. Bromiley 41. Major Harold R. Chappell , MC
Defense Research Board U. S. Army Aeromedical Research

P. 0. Box 62. Station “K” Fort Rucker , Alabama

Toronto , Canada
42. Mr .  Gilbert  F. Chesnov

28, Mr. William H. Brown , J r .  U. S. Army Munitions Command
Kaman Aircraft  Corporatio n Dover , New J e r s e y
Old Windsor Road
Bloomf ield , Connecticut 43, Mr. John Christian

Research  Directorate (SS)
29. Col. Leroy D. Brummitt Office of Civil Defense

Research Analysis Corporation Washington 25, D. C.
6935 Arlington Road
Bethesda , Mar 1tland 44. Dr. Ernest  R. Clark

30. Mr. Harold F. Buckbee 
U. S. Army Research Institute of En-

Product Designer 
vironmental Medicine

Raytheon Comp any 
Natick , Mas sachus ett s

1415 Providence Turnp ike
Norwood , Massachusetts 45. Dr. Eugene A. Cogan

Human Resources Research Office

3 1 .  Major James K. Bush 300 North Washington Street

U. S. Army Transportation Alexandria, Virginia

Materiel Command
12th and Spruce Streets 46. Lt. Col. Richard L. Coppedge , MC
St. Louis, Missouri Hq, U. S. Army Special Warfare Center

Fort Bragg, North Carolina

32 . 1st Lt. Richard S. Burke
U. S. Army Tank Automoti ve Center 47. M r. Doug las Y. Cornog
ATTN : SMOTA-RC Research Information Center
Warren , Michigan National Bureau of Standards

Washington , D. C.
33.  Dr. Lee S. Caldwe ll

U. S. Army Medical Research Laboratory 48. Dr. Meredith P. Crawford
Fort Knox , Kentucky Human Resources Research Office

300 North Washington Street
34. Col. E. F. Campbell , E .D. Alexandria , Virg inia

Director of Psychology
Army Hea dquarte rs 49. Wing Commander Wm. A. Crawford
Canber ra , E. C. T. Royal Air Forc e
Australia British Embassy

Washington , D. C.
35. Dr. Dennis Cannon

U. S. Army Armor Human Research Unit 50. Dr. William W. Dawson
Fort Knox , Kentuck y 1209 Loftin Driv e

36. Mr. Jack Ca rlock Auburn , Alabama

Pica t inny Arsenal 51 ,  Dr. Earl H. DeLong
ATTN: SMUP A-VC I The American University
Dover , New Je r sey  Washington , D. C.

37. Mr. William Carr
Research Directorate (SR) 52. Dr. F. de Pe rcin

Office of Civil Defense Environmental Sciences Division

Washington 25 , D. C. Army Research Office
Office , Chief of R esearch and Develop-

38, Mr. Roland C. Casperson rnent

Dunlap and Associates , Inc. Departmen t of the Army

Darien , Connecticu t Washington 25 , D. C.

39. Major Jimmie M. Chaffin 53. Miss Elizabeth DeSocio
U. S. Army Natick Laboratory Washington School of Psychiatry
Nat ick , Massachusetts Bethesda , Mary land

156

1’ “ ~~~‘, - - ‘~~~~~ Jfr~~~’ ~~~~~~~~~~~~~~~~~~~ ~a - ~~iar~.~~~~~- ~~~~~~~~~~~ 
- -



54. Mr. Marvin H. DeTambel 68. Mr. Paul E. Griffith
Human Factors Section U. S. Army Electronics Research and
Hug hes Aircraft Comp any Development Laboratory
Fullerton , California Fort Monmouth , New Jersey

55. Lt. General William W. Dick 69. Dr. Aim Gruber
Chief of Research and Development Dunlap and Associates , Inc.
Department of the Army Stamford , Connecticut
Washington 25 , D. C.

70. Mr.  Robert T. Gschwind
56. Dr. Delaney A. Dobbins U. S. Army Human Eng ineering Labs

U. S. Army Research and Development ATTN: AMXHE-SYS
Office Aberdeen Pro ving Ground , Mary land

Post Office Drawer 942
Fort Clayton , Canal Zone 71.  Mr. Henry E. Guttmann

Honeywell Ordnance
57. Mr. Gerhardt G. Dorn MS-8 23

Biotechnology Laboratory 600 2nd Street , North
Westing house Electronics Hopkins , Minnesota
Baltimore 3, Mary land

72 , Mr.  Robert Hacken
58. Dr. Ar thur  J. Drucker  Office of Personnel Operations

U. S. Army Personnel Research Office Department of the Army
Washington 25 , D. C. Washington 25 , D. C.

59. Mr , Benjamin C. Duggar 73.  Mr. Erik A. R. Haldane
Bio-Dynamic s , Inc. Research Anal ysis Corporation
Cambrid ge , Massachusetts 693i ‘- rl lngton Road

Bet~ - ida , Mary land
60. Dr. Jack W. Dunlap

Dunlap and Associates 74. Col. Robert M, Hamilton
429 Atlantic Street U. S. Army Board for Aviation
Stamford , Connecticut Accident Research

Fort Rucker , Alabama
6 1 Dr ,  Claude B. Elam

Bell Hel icopter  Company 75.  Dr. Charles H. Hammer
Fort Worth , Texas U. S. Army Personnel Research Office

Washington 25 , D, C.
62 , Dr. H , Reynold Fiege

Research  Anal ysis Corporation 76. Major General S. R . Hanmer
6935 Arlington Road Chief , Office of Personnel Operations
Bethesda , Mary land Department of the Army

Washington 25 , D. C.
63 .  Or , Jack W. Geb hard

The John s Hopkins Universi ty  77.  Dr. George S. Harker
App lied Ph ysics  Laboratory U. S. Army Medical Research Laboratory
8621 Georg ia Avenue Fort Knox , Kentuck y
Silver Spring, Mary land

78. Mr ,  Walter R. Harpe r
* 64, Mr , Is rael Goldiamond Huma n Sciences Research , Inc.

Institut e for Behavioral Research Westga t e Industrial Park
242 6 Linden Lane Post Office Drawer 4370
Silver  Spr ing ,  Mary land Mc Lean , Virg inia

65 , Mr. Donald I. Graham , J r .  79. Mr. Michael G. Harring
U. S. Army Missi le  Command U. S. Army Supp ly & Maintenance Corn-
Redstone Arsenal , Alabama mand , Tempo I

Washington , D. C.
- 66. Dr. George D. Greer , J r .

Boeing Comp any 80. Dr. Rue W. Harris
Renton , Washington System Development Corporation

Santa Monica , California
67.  Mr. L. L. Griffin

6570th AMRL 81.  Capt. Jimmy L. Hatfield
Wri ght -Patterson Air Force Base U. S. Army Aeromedical Research Unit
Ohio Fort Rucker , Alabama

157

- —%‘ dhs!~r , - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e ‘~~ ‘~~ ‘~~ ‘ - - - —- ----,

~~~ -- —



82. Lt. Cot. W illiam Haus man , MC 96. Mr. Harry 0. Hus s

U. S. Army Medical R& D Command SMUEA- I E S~ G

Office of The Surgeon General Edgewood Arsena l , Mary land

Washington 25 , D. C.
97. Dr. C. Jel leff Carr

83. Dr. George T. Hauty Life Sciences Division

Civil Aero medical Research Institut e Army Research Office , OCRD

Federal Aviation Agency Department of the Army

Oklahoma City, Oklahoma Washington 25 , D. C.

98. M r. Samuel E. J ackson84. Dr. Glenn R . Hawke s
U. S. Army Medical R&D Command U. S. Army Chemica l Research and
Office of The Surgeon General Development Laboratory
Washington 25 , D. C. Ed gewood Arsen al , Mary land

85. Mr. Steve A. Heckart
Human Eng ineer ing Division 99. Mr.  William A. Johnson

Wri ght-Pat terson Air Force Base Rock Island Arsenal

Ohio 
Rock Islan d , Illinois

86. Majo r James L. Hedlund , MSC 100. Lt. Cot. Wood bury Joh nson

Office of The Surgeon General Human Fac tors and Surviv abilit y Group

Washington 25 , D. C. U. S. Army Transpor tation Research
Comma nd

87. Dr. Howard W . Hembree Fort Eu st is , Virginia
Quartermaster Research and
Engineering 101. Mr. Alec C. Jones

Field Evaluation Agency Canadian Joint Staff

Fort Lee , Virg inia 2450 Massachu setts Avenue
Washington , D. C.

- 88. Professor  Richard H- Henneman
University of Virg inia 102. Maj or Robert J .  T. Joy
Char lottesville , Virg inia Hq, 1st U. S. Ar my Student Det.

Fort Jay ,  New York
89. Mr. John R. Henaessy

U. S. Army Electronics Resea rch and 103. Dr. J. H. Kanner
Developmen t Laboratory Audio Visual App lication Office

Fort Monmouth , New Je rsey Office , Chief Signal Officer
Washington 25, D. C.

90. Dr. David C. Hodge
U. S. Army Human Engineering Labs. 104. Mr. Arthu r Kahn
ATTN: AMXHE SUP Westing house Electr ic Corporatio n
Aberdeen Pro ving Ground , Mary land p. 0. Box 746

91. M r. Charles I. Hod ges 
Baltimor e 3 , Mary land

Bureau of Naval Pe rsonnel 1521
Room 3727 

105. Mr. Robert Karsh

Washingto n , D. C. 
U. S. Army Human Eng ineering Labs
Aberdeen Pr oving Ground , Maryland

92. M r. Theo . Fl. Hoeffer
U. S. Army Combat Developmen ts 106. Dr. Leon T. Katchrna r

Comma nd Aviation Agency 
Chief , Systems Research ~Labo ratory

Fort Ruc ker , Alabama 
U. S. ,Ar my Human Eng ineer in~ Labs
Aberdeen Proving Ground , Mary land

93. Cot. Joel M. Hol lis
U. S. Army Comba t Developments 107. Mr. Jos eph Kaufman

Comman d Institute of Advanc ed Studies U. S. Army Materiel Command

Carli sle Barracks , Penna . 
ATTN : AMC RD-RC
Washingto n 25 , D. C.

94. Mr. Will iam L. Hopkins
New Development Re search Br anch 108. Mr. Paul 3. Kell y

Bureau of Naval Person nel ACF Elect ronics

Washington . D. c. Riverda le , Ma ry land

95. Mr. Cha rles W. Houff 109. Mr. Roger F. Kelly

Psychology and Human Engineering Br. Fran kfor d Arsenal

Edgewood Arsenal , Ma r yland Philade lphia 37 , Penna.

158

- 
—~~ 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-



110.  Dr. Harold E. Kerber 124. Mr. Ral ph S. Long
Good year Aerospace Corporation U. S. Army Surface Materiel Command
Akron 15 , Ohio Washington 25 , D. C.

1 1 1 .  Dr. Richard P. Kern 125.  Major Donald 0. Loomis
U. S. Army Training Center Hq , Air Force Systems Command
Human Research Unit (SCG B)
P. 0. Box 787 Andrews Air Force Base , Mary land
Presidio of Monterey. Californi a

126. Bri gadier Gene ral Walter E. Lotz , J r .
112 .  Mr. Alan M. Ker shner Director of Army Research

AF Electronics Systems Division Office , Chief of Research and Develop-
L. G. Hanscom Field ment
Bedford, Massachusetts Department of the Army

113. Mr. Morris  Kolnicker Washington 25 , D. C.
d o  Adler Electronics 127. Mr.  James P. Love1 Le Fevre Lane
New Rochelle , New York U. S. Army Missile Command

Redstone Arsenal , Alabama
114. Dr. John L. Kobrick

U. S. Army Natick Laboratories - 
128. Dr. Edward H. Loveland

Natick , Massachusetts School of Psychology
Georg ia Institute of Technology

115. Mr. Theodore J. Krein Atlanta 13 , Georg ia
Northrop-Nortronic s
Anaheim, California 129. Dr. Daniel .1 . Lyons

Human Resources R esearch Office
116.  Major Edward F. Krise ,  MSC 300 North Washington Street

Walter Reed Army Institute of Re search Alexandri a , Virginia
Washington 12 , D. C.

130. Major Henry E. Maes , MSC
117.  Dr. Martin I. Kurke U. S. Army Combat Developments

Combat Operations Resea rch Group Command
U. S. Army Combat Developments Fort Sam Houston , Texas

Command -

P. 0. Box 116 131 .  Mr. Robert T. McC ay
Fort Belvoir , Virg inia Dunlap and Associates

429 Atlantic Street
118 .  Mr. Maurice A. Larue , J r .  Stamford, Connecticut

Martin Company
MP 195 132.  Dr. William A. McC lelland
Orlando , Florida Human Resources Research Office

300 No rth Washington Street
119 .  Mr. Saul Lavisk y Alexandria , Virg inia 

,

Human Resources Research Office 133.  Dr. Ernest J .  McCormick300 North Washington Street Professor of Psychology
Alexandria , Virg inia Purdue University

120. Mr. Alexander Levin Lafayette , Indiana

U. S. Army Natick Laboratories 134. Mr. Eugene J .  McGui gan
Natick , Massachusetts Frankford Arsenal

Philadel phia 37 , Penna .
121 .  Major James E. Levins

Hq , U. S. Army Combat Development s 135. Mr. Francis M. McIntyre
Command General Precision Aerosp ace

Fort Belvoir , Vir g inia 1150 MacBride
Little Falls , New Jersey

12 2.  Mr. John W. Lewis
U. S. Army Chemical R&D 136. Mr. Frank M. McKerna n

Laboratories Office of Personnel Operations ‘I
Ed gewood Arsenal , Mary land Department of the Army

Washington 25 , D. C.
123.  Lt. Cot. William C. Loder

Office , Deputy Chief of Staff for 137.  Dr. A. James McKn i ght
Logistics Human Resources Research Office

Department of the Army 300 North Washington Street
Washington 25 , D. C. Alexandria , Virg inia

159

* . 
~4- - - ~~~~

,, ;~
—_~~~ ~ 

. 
~~~~-

- —.‘ ~~*d!~~~~~ , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -
- -  —~~~~ --- —-- — -~~~~- - - . -



138.  Or , J .  J .  Mal linger 1 5 3 .  Dr. H. J .  Older
U. 5, Army Personnel Research Office The Matrix Co rporation
Washington 25 , D. C. Ar l ing ton , 2 , Vi rg inia

139 ,  Dr. Gilbert E, Mil ler  154 Col, Char les  D. Y . Ostrorn , J r .
Aero -Nut ron ic  Division Commanding Off icer
Philco Corporat ion Tj. S. Army Human Eng inee r i n g  Labs
Newport Beach , Cal i fornia  Aberdeen Proving Ground , Mary land

140. Dr. James W. Miller 155 ,  Dr. Rod E. PackerOffice of Naval Research Automatic Data Processing DepartmentDepartment of the Navy
Washington 25 , D ~~~ . 

U. S. Army R&D Act ivi ty
Fort Huachuca , Arizona

141,  Mr . Jack Mumford
Chance Voug ht Corporation 156.  Dr , George E. Passey
Dallas 22 , Texas Lockheed-Georg ia Company

Mariet ta , Georgia
142. Lt. Col . John D. Murp h y

Office , Deputy C h i e f  of Staff for 157, Mr .  Arnold  C- Peterson
Personnel  U. S. Army Elec t ron ics  R&D Labora tory

Department of the Army Fort Monmouth , New Je r sey
Washington 25 , D. C.

158, Colonel Will iam H. Pietsch
143. Colonel Robert E. Murp hy Office , Assis tant  Chief of Staff for

Hq, Aerospace Medical Division Intelli gence
Brooks Air Force Base , Texas Department of the Army

144 . Lt. Col. Norman F. Muser Washington 25 , D. C.
Office of Personnel Operations

159. Dr. Theodore R. PowersDepartment of the Army
Washington 25 , D. c. U. S. Army Infantry Human Research

Unit
145. Mr.  H a r r y  M, Nachmias Fort Benning,  Georg ia

U. S. Army Electronics R&D Labs 
160. Dr. Wallace W. ProphetFort Monmouth , New Jersey

U. S. Army Aviation Human Research
146. Colonel Spurgeon H. Neel , MC Unit

U. S. Army Hosp it al Fort Rucker , Alabama
Fort Rucker , Alabama

161. Mr . Seymou r Ringel
147. Mr. Carl E. Nilsson U. S. Army Personnel Research Office

Spring field Armory Washington 25 , D. C.
Springfield , Massachusetts

162 . Dr, David McK. Rioch
148. Mr. Patrick H. Norausk y Director , Division of Neuropsychiatry

Rock Island Arsenal Walt ’e rR e e d Army lnstitute of Research
Rock Is land , Illinois - 

Washington 12 , D. C.

149. Major Louis J.  North 163. Mr. Stanle y H. Robertson
Office , Assis tant  Chief of Staff for Materials Branch

Force Department U. S. Army Eng ineer Research and
Department  of the Army Development Laboratories
Washing ton 25 , D. C. Fort Belvoir , Virg inia

164. Mr. Richard C. Robinson150 , Lt, Col. Paul E. Nottage Research Analysis CorporationU. S. Arn-iy Combat Developments
Command Infan t ry  Agency 6935 Arlington Road

Bethesda , Mary landFort Beaning, Georg ia

165. Dr. Paul G. Ronco
151. Mr.  Paul D. Oakley Tuft s Universi ty

Harry Diamond Labs Medfor d , Massachusetts
Washington 25 , D. C.

166. Dr. Jesse C. Rupe
152, Sp 4 James T. O’Connor Human Resources Research  Office

Frankfo r d Arsenal 300 North Washington Street
Philadel phia 37 , Penna. Alexandria , Virg inia

160

fr-~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~ ~~~
‘ “

~~ 
- --



167. Dr. Roger Russe l l  179. Mr.  Donald M. Skordahl
Un ive r s i t y  of Indiana U . S. Army Personnel  Resea rch  Off ice
Department of Psychology Washington , D. C.
Bloomington , Indiana 

180. Mr.  Lionel Slater
Per formance  Resea rch , Inc .

168, Mr.  Herman J. Sander 1346 Connect icut  Avenue
Air Force Office of Scientific Research Washington , D. C.
Depar tment  of the Air Force
Washington 25 , D. C. 181. Dr. Robert  B. Slei ght

App lied Psychology Corporation
169. Mr. Jerrell L. Sanders 4113 Lee Hi ghway

U. S. Army Quartermaster Research  Arl ington , Virg inia
and Eng inee ring Field Evaluation 

182 . Dr. Robert  G. Smith , J r .Agency DCS Individual Tra iningFort  Lee , Vi rg inia 
U. S. Continental  Army  Command
Fort Monroe , Virg inia170. Mr.  Mart in J ,  Savell

U. S. Army CoVlbat Developments 183. Dr. Stanley M. Soliday
Command Quartermaster  Agency North American Aviation , Inc.
Fort Lee , Virg inia Columbus , Ohio

171. Mr. Walter  P. Scales 184. Mr.  Edward V. Somod y
U. S. Army Eng inee r ing ,  Geodesy,  In- U. S. Army  Test & Evaluat ion Command

te lli gence , Mapping Research and Aberdeen Proving Ground , Mary land
Development Agency 185. Dr. Phili p I. Sper l ingFort Belvoir , Virg inia Deputy Director

Special Operat ions  Research Off ice172 , Dr. Richard W. Seaton 5010 Wiscons in  AvenueResearch  Office W ashing ton , D. C.U. S. Army C o m b a t  Developments
Command Experimentation Center 186. Mr . Emil SpeziaFort Ord , California Human Factors Section

U. S. Army Board for Aviation Accident
173. Dr. Car ro l l  Shartle Research

Chief , Psychology & Social Science Fort Rucker , Alabama
Division

Office , Assis tant  Director for Research  - 187. Lt. Col. Richard M. Stacey, MSC
Director  of Defense Research  and U. S. Army Combat Developments Com-

Eng ineer ing mand Medical Service Agency
Washin gton , D. C. Fort Sam Houston , Texas

174. Dr .  Carl E. Sherr ick  188. Dr. Alf red  H. Stanton
Department of Psychology McLean Hosp ital
Princeton Un ive r s i t y  Belmont , Massachusetts
Princeton , New Je r sey

189. Dr. Edward R. Stearns
175. Mr.  Charles  J. Shogrnaker U. S. Army Chemical Research and

Chief , Respirator  Branch Development Laboratory
Chemical Research & Development Edgewood Arsenal . Mary land

Labs
Edgewood Arsenal , Mary land 190. Cot. Wil l iam G. Sullivan

Chief , Human Factors & OR Div .
176. Mr. Arthur  Siegel Office , Chief of Resea rch  and Develop-

Applied Ps ychological Services rnent
Science Center Department of the Army
Wayne , Pennsy lvania Washington , D. C.

177. Mr. Joseph T. Simpson 19 1. Dr .  John A. Stephens
Office of the Chief Signal Officer U. S. Army Human Eng ineering Labs
Department of the Army Aberdeen Proving Ground , Mary land
Washington , D. C.

192. Mr.  James S. Sweeney
178, Dr. Vladimir  A. Sklodowski Autonetics - NAA , Inc.

AVCO Corporation 3400 East Anaheim Road
Wilmington, Massachus etts Anaheim , Cal i fornia

161

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

- 

- 

- - .-



193. Cot .  John H. Swen son 208. Mr.  Harold  M. W e a sn er
Weapons Systems Evaluat ion Group P ica t inny  Arsena l
Department of Defense Dover , New Je r sey
Washington , D. C.

209 , 
- 

Dr. Harold C. Weber
194. Dr. Kenneth F. Thomson Chief , Scient i f ic  Advisor

U. S. Naval Tra in ing  Device Center Office , Chief of Research  and Develop-
Port Washington , New York ment

Department  of the Army
195. Dr.  John G. Tiedemann Washington , 0. C.

U. S. Army Personnel Research  Office
Washington , D. C. 210. Dr. John D. Weisz

U. S. Army Human Eng ineer ing  Labs
196. Col. William D. Tiger t t , MC Aberdeen Proving Ground , Mary lan d

Commandant
Walter ReedArmy Ins t i tu te  of Research 211. Lt. Col. Paul Wentworth , MSC

Washington , ~~~. C. Secretary
Walter Reed Army Inst i tute  of R e s e ar c h

197. Dr. G. C. Tolhurst  Washington , D. C.
Office of Naval Research 2 12 .  Mr.  John A. Whi t tenburgWasHngton , D. C. Human Sciences Research , Inc.

198. Mr.  Thomas A. Treg lia McLean , Virg inia

U. S. Army Chemical R&D Labs 2 13. Mr. Eric G. Wibom IEd gewood Arsenal , Mary land U. S. Army Electronic Research and
Development Laboratory

199. Dr. James E. Trinnaman Fort Monmouth , New Je r sey
Special Operations Research Office
5010 Wisconsin Avenue , N. W . 2 14 .  Dr . F. R. Wickert
Washington , D. C. Department of Psycho logy

Michi gan State Un iversity
200. Mr. John A. Tul ley East Lansing, Michigan

U. S. Army Electronic R&D Command 2 1 5 .  Lt. Cot , Harold L. Williams , MSCWhite Sands Missile Range
New Mexico Walter  ReedArrny Institute of Research

Washington , D. C.

201 , Dr. 3,  E. Uhlaner 2 16. Mr . B. R. Wolin
U. S. Army Personnel Research Office Systems Development Corporation
Washington , D. C. 2500 Colorado Avenue

Santa Monica , California
202 . Dr . Theodore R. Valiance

Director , Specia l Operation s R~~sear ch 217 .  Mr. Alan W. Wood
Office U. S. Army Electronic Research and

50 10 Wisconsin Avenue Development Laboratory
Washington , D. C. Fort Monmouth , New Je r sey

203 . Dr. Willard S. Vaug han 2 18. Mr . Benjamin F. Wood
Human Sciences Research , Inc. U. S. Army Human Eng ineer ing  Labs

P. 0. Drawer  370 Aberdeen Proving Ground , Mary land

McLean , Virg inia 2 19.  Lt . Col. Leslie W. Wri ght
Military Attache

204 . Mr. Emanuel J .  Walke r New Zealand Embassy
ZEUS Project Office 3101  Cleveland Avenue , N. W.
Redstone Arsenal , Alabama Washington , D. C.

205 . Mr. Norman K. Walker 220. Mr. Peter Zakanycz
5410 Connecticut Avenue , N. W. U. S. Army Electronic Research and
Washington , D. c. Development Laboratory

Communications Department
206. Mr. John D. Waug h Fort Monmout h , New Je r sey

Watervl iet Arsenal 221 .  Dr. Josep h Zeidner
Waterv liet , New York U. S. Army Personnel Research Office

Washington 25 , 0. C.
207. Mr. Virgil  0. Wayman

Operations Research , Inc. 222. Mr. Charles A. Zelaites
1400 Spring Street U. S. Army Electronics R&D Labs
Silver Spring , Mary land Fort Monmouth , New Jersey

162

.
,—

~~ ‘~~~~~~~~~~
‘ ~~~~~~~~~~~~~~~~~ ~~~~~ - -~4~~~~S~ ~~~~~~~~~~~~~~~~~~~~~~ . 

~~~~ - -,‘~~~~~~ ~~~ - .~~ ~~ ~~-- ~~ - -~~~~ . .  s,,. ,~~~~ 
_



APPENDIX II

C U R R E N T  WORK PROGRAMS , BIBLIOGRAPHIES AND BIOGRAPHICAL DIRECTORIES
- PROFESSIONAL PERSONNEL OF H U M A N  FACTORS RESEARCH AND DEVELOPMENT

‘IVITIES OF U . S. A R M Y  AGENCIES.

~~~~~~ -- ~~~~~~~~~~~~

‘
—

~~~ 
________________ 

‘~~ ‘~~ ~~~~~~‘ ‘~~~ ~~~~~~~~‘



2A. U.S. ARMY BOARD FOR AVIATIO N ACCIDENT RE SEARCH
I”ort Hueker. -\ IaI,aina

A. W O R K  P R O G R A M

1. P r o g r a m  i n c l u d e s  , , n - s i t c  i n v e s t i g a t i o n  of A r m y  a i r c r a f t  a c c i d e n t s  and c o nt i n u a l  re-
v i e w  and ana l y s i s  ~f a c c i d e n t  i n v e s t i gat ion r e p o r t s .  The purpose  of th i s  p r o g r a m  is to l e a r n
abo u t the  h u m a n  com p o n e n t  of a c c i d e n t  p r e v e n t i o n  s i n c e  peop le  p lus  h a r d w a r e  equa l  a c c i d e n t s  -
I n h e r e n t l y the  .t cc omp l i s l u n e t i t  of t h i s  o b j e c t i v e  e n c o m p a s s e s  the broad s pe ct r u m  of h u m a n
f a c to r s  i n d i c a te d  by t he  f o l l o w i n g  a r e a s :

a . Ph ys io log i c a l  - ph y s i c a l  s t r e s s  in f l i g h t ;  f a t i g u e ;  s e n s o ry  o r ga n s , v e r t i g o  an d il-
lu s i o n s .  ph y s i ca l  f i t n e s s , i n j u r y  c a u s a t i o n  and p r e v e n t i o n , a u t o p s i e s .

b. P s y c h o l o gi c a l  - m a n - m a c h i n e  r e l a t i o n s h ip, e xp e r i e n ce  and k n o w l e d ge , p s y c h o - m o t o r
s k i l l s  and e r r o r s  • a t t e n t i o n  and e r r o r s  of a t t e nt i u ~’, p e r c ep t i o n  and  e r r o r s  of p e r c e p t i on , j u d g-
in e n t  and  e r ro r s  of j u d gme nt , t r a i n i ng  and  s e l e c t i o n .

2. The data g a t h e r e d  in the  c i t ed  a r e a s  a r e  f o r  t he  p r i m a r y  purpose  of e n c h a n cin g  the
m i s s i o n  c ap a b i l i t y  of A r m y  av ia t ion .  The data a r e  u sed  w i d e l y,  i n c l u d i n g  the e a r l i e s t  s t ages
of t h e  l i fe  c y c l e  of new a i r c r a f t , the  m o d i f i c a t i o n  of e x i s t i n g  a i r c r a f t  and as a s o ur c e  of f eed  -

back  of t r a i n i n g  and o p e r a t i o n a l  p r o g r a m s .  In add i t ion  the  data a r e  used  in the p r e p a r a t i o n
1)f r ep or t s , p r e s en t a t i o n s , and  j u s t i f i c a t i o n  f o r  n e w  ‘r r e v i s i o n s  to e xi s ti ng  s p e c i fi c a t i o n s
a n d/ o r  r e g ul a t i o n s .  Some of the s p e c i f i c  a c c o m pl i s h m e n t s  of the past yea r  a r e :

a. P r e sen t a t i ons

1. ‘ Human  f ac to r s  in a r m y  av ia t ion  expe r ience , ’ A v i a t i o n  Staf f  O f f i c e r s  C o u r s e ,
Ft .  R u c ker , Al a,

2 . ‘Visua l  p r o b l e m s  in a v i a t i o n , ” A v i a t i o n  School , Ft .  R u c k e r , Ala .

3. “A r m y  av i a t i on  mis s ic . i  in V i e t n a m , ” C Troop ,  17th Sk y Ca l v a r y ,  Ft ,  Knox ,
K e n t u c ky.

4 . “A r m y  a v i a t i o n  and medica l  suppor t  in V ie tnam , ” U. S. A r m y  Hosp i ta l , Ft.
Rocker , Ala ,

5. “Army a v i a t i o n  med ic ine , ” Air  OP Squadron o f f i c e r  m e m b e r s h i p,  Rawal p indi ,
W e s t  P a k i s t a n,

b , Equi pmen t  e v a l u a t i o n

1. LOH Plan of eva lua t i on

c. R e p o r t s

1. H e l i c o p t e r  v e r s u s  f ixed  w i n g  c r a s h  i n j u r i e s , Aerospace  M e d i c i n e .

2 . Cock p it l i g h t i n g ,  U.  S. A r m y  Avia t ion  Di ges t .

3 , R’ l ’ -  o f  p i l o t  f a c t or s  in  a r m y h e l i c o p te r  a cc iden t s .

4 , Ro le  o f pi lot  f a c t o r s  in a rmy  f ixed  win g a i r c r a f t  a c c i d e n t s .

5. A r m y  . i v j a t j , , n  a c c i d e n t s  i n v o l v i n g  mis jud g ed a t t i t u de , d i s t an i ~e , and pos i t ion .
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2B. U.S. ARMY MATERIEL COMMAND
CHEMICAL RESEARCH AND DEVELOPMENT LABORATORIES

~;tl g~
.
~ out i \ r enal .  ~1ar~ I an d

A . C U R R E N T  WORK PROGRAM

1. Medical  Defense  Aspec t s  of Chemica l  A gen t s  (U)
( P r o j e c t  No. 1C6Z240 1A0 97)

L Task  01 - Inves t i ga t ion  and E v a l u a t i o n  of P r o t e c t i v e  Eq u i pm e n t

H u m a n  f a c t o r s  r e s e a r c h  and d e v e l o p m e n t  e f f o r t s  a re  c a r r i e d  out main ly by two bran che s
wi th in  the D i r e c t o r a t e  of Medical  Resea rch , the Ps ychology and Human  Fac tors  Eng i n e e r ing
B r a n c h , a nd the A pplie d Phys io logy  Branch .  Other  medical  and biolog ical spec ia l i s t s  are
available for  consu l ta t ion  or col laborat ion as needed . W o r k  app ly ing d i r e c t ly to par t icular
end i t ems  or s y s t e m s is coord ina ted  with the D i r ec to ra t e  of Weapons  Sy s t e m s  or the D i r e c t o r -
ate of Defens ive  Sy s t ems  t h r o u gh the Eng i n e e r i ng Anal ys i s  Branch  of the D i r e c t o r a te  of De-
velo pmental Support .

Date Es t ima ted
Subtask  R e s e a r c h e r s  Star ted  Comp le t ion

a. Human F a c t o r s  Evaluat ion  Jackson  Jul 62 Co. t t inu ing
Fiddleman
W alz

Consu l t a t ion and r esear ch supp or t  a re  pro vided by P sy cholo gy & Human Factors  Eng i-
neer ing  Branch to p ro jec t  eng inee r s as r eque sted by Eng inee r in g Analys i s  Branch.  I t em s
eval uated dur ing  FY 63 included the E - Z l  Decon tamina t ion  Kit  and the E-4 l  Chemical A ge n t
Point Source Ala r l .  Support was provided to CDC pe r sonne l  conduct ing  f ield t r ia l s of the
M l ? CBR Protec t ive  Mask;  a psycholog ical as ses smen t  of soldiers  taking par t  in these  t r i a l s
was conducted and as associa t ion  was demons t r a t ed  between subject  va r iab les  and mask  leak-
a ge in the field .

Eval uati.on to be conducted d u r i n g  FY 64 include the E49 Area Scanning Alarm , the M ulti-
pu rpose  Chemical  A gen t  Detector  Kit , and several col lect ive pro tec t ion  s y s t e m s .

b. Ph ysiolog ica l In ves t i gation Crai g Jul 63 Jun 64
and Eval uation of Protect ive  C u m m i ng s
Equipment

A pplied Ph ys io logy Branch will under take  work  to r eassess  the resp i r a t o r y  r e s i s t a n c e  of
the M l 7 Mask and will st ud y the e f fec t s  of the m a s k - t o - m a s k  r e s u s c i t a t o r  on the resp i r a t o r y
ca pabil i ty of the ope r ator  in place and while acti ng as a s t r e t c h e r - b e a r e r,  Cont rac t s  are
un d e r  ne g otiat ion to inves t igate , wit h regard  to the M 17 Mask and the protec t ive  hood: the
im portance of o v e r - b r e a t h i n g  in hot wea the r ;  the re la t ion of the heat load of the hood to pe r-
f o r m ance dec r e ment  du r i n g hood wea r i n g ;  the possibi l i ty  of improv ing  p e r f o r m a nc  of the
ma sk weare r  by f u r t h e r  reduc ing  mask re s i s t ance .

Date Es t ima ted
Task E x p e r i m e n t e r ( s )  Star ted Comp le t ion

2 . N o n - D e f e n s e  Medica~ A spects  of Chemica l  A gents (U)
(Pro jec t  No. 1C522 30 1A079 )

Task 01 - Biolog ical A pproach to New Agents

a. Studies of Operan t  M e l tz e r  Dec 62 l)cc 64
Behavio r M erk le r

Maxey
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Date Est imated
Task E x p e r i m e n t e r ( s )  Started Comp let ion

Adjusting interval  schedule.  Albino ra ts  were  run on an in terval  schedule under  which a
sufficiently hi gh response  rate  during one interval  would shor ten  the upcom~ng in te rva l .  A
block counter  was used to provide cues.  Ext remely high response rates were produced ;  some
of the charac te r i s t i cs  of r a t i o - t ype  behavior were  evident.

Di f fe ren t ia l  r e in fo rcemen t  of low rate  (DRL)  with delay. Albino rats were t rained on
DRL pe r fo rmance .  A condit ioned r e in fo rce r  immediately fol lowed a co r r ec t  r e s p o n s e ;  a pri-
mary r e in fo rcemen t  was del ivered a f te r  half the DRL in te rva l .  Pe r fo rmance  on DRL 20” was
not seriously d is rupted  by the delay. Per formance  on DRL 30” showed some decrement .
Other intervals  are  being examined. It is hoped that r e i n f o r c e m e n t  delay will make the pro-
cedure more sens i t ive  to chemicals  than is the normal  DRL schedule .

Effects  of selected d rugs  on an approach d i sc r imina t ion .  Alb ino  r ats we r e t r ain ed in a
2-lever  box to p r e s s  a lever  fo r  food when a cue light above the lever  was on. Trials  were
ended af ter  20 sec s . or a f t e r  a wrong response .  Two depr iva t ion  variable s were  used: bod y
wei ght (70 or 80% of ad lib) and hours - s ince - feed ing  (4 , 24 , or 40).  Chlorpromazine  Ss had
three se parate sess ions  with each of the doses  3, 4 , and 5 m g / k g IP: LSD-2 5 Ss had th ree
separate ses s ions  with each of the doses 100 , 200 , and 300 /k g. Resu l t s  showed that nei ther
drug affected number  of e r r o r s  per sess ion.  Both drugs blocked all responses for a time
after injection . Hours - s ince - feed ing  did not  d i f ferent ia l ly effect  behavior under drug.  Chior- A
promazine was much more potent when adminis te red  to the 70% wei gh t - g r o u p  than the 80%
group;  the r e v e r s e  was true for  LSD-25 .

Experiments  with albino rats  are cur ren t ly in p rogress  on: ( 1)  paced avoidance , (2)  con-
cur ren t  variable interval  schedule with time out , (3) multi ple f ixed - ra t io  schedule with dif-
f e r e n t  type s of r e in fo rce r s  on d i f f e r e n t  parts of the schedule, A squirrel  monkey colony has
been established, and ex per imen t s  similar to th ose with r ats  hav e been be gun with this
species.

b. Vision in the Squirrel  Meltze r  Jul 63 Continuing
Monkey Siegel

Squ ir re l monke y s will be f o r c e d to make a br ig htne ss d i sc r imina t ion  involving a com-
par ison between two light  f ield s , using a cons tan t  stimulus method . Parameters  affecting the
discr iminat ion will be specified. Affects  of selected chemicalcompounds upon bri ghtness dis-
crimination will be assessed.

c. Vert ical  Orientat ion in Shinkman Aug 62 Jan 64
Fish H e r tz le r

A labyrinthectomized goldfish will swim upside down if placed in a tank with light shining
f rom below ra ther  than above; normally in such a tank it would swim upri ght. An exper iment
is underway to determine the extent to which thi s o r ien t ing  to li ght in the absence of ves t ibular
input is learned.

d. Drug Effec ts  and Complex Find ley,  3. D. Oct 62 Continuing
Behavioral Repetoires Under Ferste r , C. B .
Conditions of Full Environ- (Inst i tute for
mental Control  Behavioral Research)

Thi s contract  has two objectives: ( 1)  to develop, in the l abo ra to ry ,  samples of complex
behavior which tap hi gher brain functions , and (2)  to take advantage of these experimental
per formances  fo r  the analysis  and tes t ing of chemical agents .  Experimental  chambers have
been built and counting r epe to i res  are being established in baboons. Other complex behaviors
will be established in pr imates  and in man. Effects  of selected chemical compounds will be
de te rmined .

e. Basic Psychological Studies Russe l l ,  R .  W . Jul 60 Jun 63
of the Effects  of Incapaci tat ing ( U n i v e r s i t y  of
Agents Indiana)

Desirable charac ter i s t ics  of incapacitat ing agents  were  listed , incapaci ta t ion was defined
in behavioral t e rms , and a four phase screening p rogram was out l ined .  Empirical s tudies
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Dat e  E s t i m at e d
Task  E x p e r i m e n t - r ( s )  S ta r ted  Comp let io n

c o n c e n t r a t i n g  on “ s c re en i ng  in d e p t h ” w e r e  cond ucted on i n f r a h u m a n  sub jec t s . Candidate  be-
h a v ior a l  m e a s u r e s  w ere  com pared on p r o t o t y p e  a g e n t s , and r e c o m m e n d a t i o n s  f o r  a ba t t e ry  of
scm’ ’ - en i n g  n - a  su re s  w e r e  made .

f . A s se s s m e n t  of I n c a p a c i t a t i n g  F iddleman  Jul  60 C o n t i n u i ng
Compounds  Siegel

Stearn s

A b a t t e r y  of bas ic  ab i l i ty  t e s t s  is g iven  to subjec ts  who have been a d m i n i s t e r e d  an i n -
ca p a c i t a t i n g  ag -n t ;  included are  t e s t s  of visual  and a u d i t o ry  a c u i t y ,  dec i s ion  ma k i n g,  an d moto r
C o n tr o l .  T e s ts  a re  g iven at  i n c re a s i n g  i n t e r v a l s  a f t e r  agen t  a d m i n i s t r a t i o n, and r e s u l t s  are
compared  wi th  base l ine  sc o re s .  D o s e - t i m e - r e sp o n s e  r e l a t i o n s  a re  de s c r i b e d .

Ef fec t s  of BZ on Pilot  F r i edman , T . Oct 61 Jun  62
P - r f o r m a nc e  ( N o r t h  A m e r i c a n

A v i a t i o n )

“A double-bl ind e x p e r i m e n t  was conducted to measure  the e f fec ts  of BZ upon the per-
f o r m a n c e  of a v a r i e t y  of t a sks , i nc luding a s imula ted  fl y ing task.  Afte r u n d e r g o i n g  a period
of t r a i n i ng  and basel ine  t i - s t i n g ,  each of 18 t e s t  s u bj e c t s  r e c e iv e d , by in j e c t i on , two concentra-
t ionS of the ag e nt  and an i n e r t  placebo d u r i ng  th r ee  8-hour  t es t  s e s s i o n s  (on e agen t  cond i t i on
per subject per t e s t  s es s i o n ) . P e r f o r m a n c e  was m e a s u r e d  on nine m aj o r  task  c a t e g o r i e s,
and ph y s i o l o g ical m e a s u r e s  w e r e  taken d u r i n g  the s imula ted  fl y in g t a sk .  The balanced presen-
t a t i o n  of ag e n t  c o n d i t i o n s  called f o r  in the e x p e r i m e n t a l  desi gn was not  c a r r i ed  out becau se
medical  c o n s i d e r a t i o n s  n e c e s s i t a t e d  changes  in agen t  c o n c e n t r a t i o n  d u r i n g  the  t e s t  per iod .
A l t h o ug h the unbalanced p r e s e n t a t i o n  l imi ted  the app l i ca t i on  of s t a t i s t i c a l  p r o c e d u r e s, the con-
s i s t e n t  t r e n d s in the data were  s u f f i c i e n t  to pe rmi t  def in i te  s ta tements  about the e f f e c t s  of
B Z . ” A F i n a l  R e p o r t , cla s s i f i e d  C O N F I D E N T I A L, is avai lable  to qual i f ied  r equ e s t e r s .  (SID
62 - 8 7 l , JuI y 1962 .

h. Drug  R e a c t i v i t y  in Human Fiddleman Jul 63 Jun  64
Sub jec t s  K y sor

Subjects ’ r e a c t i o n s  to s t andard  i n f u s i o n s  of pen to tha l  and of a m phe tamine  are  being com-
pared wi th  the i r  r e a c t i o n s  to o the r  s t anda rd  pha rmaco logical age n t s  and to i n c ap a c i t a t i n g
a g e n t s  to d e t e r m i n e  i n t r a - s u bj e c t  c o n s i s t e n cy  in r e a c t i v i ty  to d r ug s .

3. I n - H o u s e  L a b o r a t o r y  I n i t i a t e d  Resea rch
( P r o j e c t  No. 1A0 1300 1A03 9)

Tas k - 02 Chemical

a ,  P a r a m e t e r s  of Photopic Siegel Jan 63 Cont inuing
V i s i o n

Meas u r e s  of color d i s c r imina t ion  s ens i t i v i ty  are  being obtained us ing a var ian t  of the
method of cons tan t  s t i m u l u s  d i f fe r e n c e s .  Pa ramete r s  to be invest i gated incl ude e x p o s u r e
t ime , s t i m u l u s  l u m i n a n c e , bri gh t n e s s  r atio , and co lo r im e t r i c  pur i ty . A d i a g r a m  of psycholog ical
colo r space w i l l  be c o n s t r u c t e d  on the basis of the obtained r e su l t s .

b. Biochemica l  Cor re l a t e s of Shinkman Jan 63 Jan 64
Behav io ra l  Changes  in
Plana r ians

Proced u res a re bein g develo ped to repl ica te  and extend the f i n d i n g th at  plana r ia n s can be
c lass ica l ly cond i t ioned  and that a t endency  to respond may be t ra n s f e r a b l e  f r o m  one p lana r i an
to a n o t h e r  by t i s s u e  i n g e s t i o n . Exper imen t s  will be pe r fo rmed  to inves t i gate possible bio-
chemical  pa thways  involved in such t r a n s f e r .  Addit ional  s t u d i e s  a r e  being  c a r r i e d  out on o the r
a spec t s  of plana r ia n b e h a v i o r , inc l udi ng maze behavior .
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2B. U.S. A R M Y  MATERIEL C O M M A N D
ELECTRON ICS RESE ARC h ANI ) DEVELOP MENT LABOR ATORY

Ion \ Ionj noiith. \r~ J e r ..r~

A. C U R R EN ’ l~ WORK PROGRAM

1 . In t e r n a l

The in t e rna l  work  in h u m a n  f ac t o r s  en g i nee r~ng,  pe r f o r m n e d  w it h i n  the  H u m a n  Fac to r sEng inee r in g Sec tion of App l ica t ions  Eng inee r ing  B r a n c h ,  inc luded  app rox imat e l y twen t y - f i v e
h u m a n  f a c t o r s  eng i n e e r i n g  r e v i e w s  of eq u i pm e n t s  and sy s tem s  u n d e r  r e s e ar c h  and  deve lop -me nt at the E l ec t r o n i c s  L a b o ra t o r y .  R e p r e s e n t a t i v e  equi pme nts and s y s t em s  , t r e :  ‘Ie leg rap hTest  Set A N / U G M - l ( X C - 2 ) ;  Si gnal G e n e r a t o r  S G- l5 5 ;  Radar  Set A N/ P P S -5 ;  Gene ra to rG-54(  ) / U ;  and Telegrap h ‘l’e rminal  T l l -2 2 ( X C - 3 ) .

Human  f a c t o r s  eng i n eer i ng  c o n s u l t a t i o n  se rv ice  was provided to USAELRDL sc ient i s t sand eng i n e e r s  on a v a r i e t y  of eq u i p m en t s  and s y s t em s .  R e - j r e s e nt at i ve  equi p m e n t s. .-~nd sys-t ems  are:  e lec t ron ic  swi tchboards , k ey - s e t  tele phones , ima ge i n t e r p r et a t i o n  fac i l i t i e s , a l a r msets , anten na s y s t e m s  and powe r sou rces ,

A n u m b e r  of h u m a n  f a c t o r s  eng i n e e r i n g  p r o b l e m s  of i n t e r e s t  to U S A EL R D L  s c i e nt i s t sand eng inee rs have  b een fo rmula ted  for  i n -house  r e s ea r ch  wi th in  the H u m an  Factors Eng i-n e e r i ng  Sect ion.  They  inc lude:  speed and accu racy  of t a rge t  detec t ion and iden t i f ica t ion ;  inputsi gnals  to op e r a t o r s  of b inaura l  dopp le r  rada rs;  noise and speech i n t e r f er ence  m e a s u r e m en t ;desi gn of a r m and foot ope rated powe r sources ;  desi gn of solar  power  s o u rc e s .

2 . Exte rnal

Contr acts  a , b an d c , fol lowin g a r e  moni tored  in App lications Eng i n e e r i ng Branch .  Con-t racts  d and e are  moni tored in Radar  ln st ru ~n e nt a t i on  and Control  Branch , and they  a repa r t i a l l y funded  by the A r m y .

Dated Est imated
Cont rac t  Tit le  F i rm Started Comp let ion

a. Stud y of Human Informat ion  Applied Psycho-  16 Jun 61 15 Dec 63Handlin g Rates log ical Se r vices
DA36-039 SC—
872 30

In addition to develop in g a method for  eva lu atin g displays develo ped b y USAELRDL scie -~n-t i st s  and eng i n e e r s , th i s  st u d y is evaluating the u t i l i t y  of cu taneous  t r a n s d u c e r s  in communica-
t ions  sy s tems , as one ty pe of novel  d i sp lay.

b. Human Eng ineer ing  Studies of Dunlap & As so- 1955 ContinuingSi gnal Corps Sy s t e m s  and ciate s , Inc.
E qui pments  DA36-039 AMC

022 30 ( K )

T h i s  work  provide s service in specialized a reas  of human  factors  eng inee r ing to IJSAELRDLe~1gin ee rs  and sc i en t i s t s  engaged on par t i cu la r  p ro jec t s .  C u r r e n t  p ro jec t s  are : E n v i r o n me n t a lCondit ion s in Signal Corps E n c l o su r e s ;  Human Factors Eng i n eer i ng  Stud y of the Visua l  Air-borne  ‘l a rg e t  Loca tor Sy s t e m  A N / U V S - l ;  Stud y of Aud i to ry  Si g nal Charac te  r i st ics  for  Dopp l e rGround Surveillance Radar Sys tems;  and 1-lu inan Factors  Desi gn of Secend Gene r a t ion  I landheldRadar .

c.  Stud y of the Human Factors  A e r o n u t r o n ic /  1 Jul y l 9 e ~~ 30 Aug 3A spects  of R eli ab i l i t y  Phi lco
DA36-039 SC -90877

This study exp lo red the  f ’- .esi b i l i ty  of qua n t i f i ca t ion  of the h u ma n  fac to r s  components ofre l iab i l i t y ,  It ident i f ied  th e -  ~ie r t i nen t  va r i a b l e s  and dev - lop m e nt  of a methodology  based onta sk -equ i pment anal y s e s .
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Date Estimated
Con tr ct Title Firm Started Comp letion

d. Grap hic Orientation in Human Factors 16 May 63 15 Nov 63
Humans Research , Inc.

Nonr 4218(00)

TFh s stud y is su rvey ing all accidents made b y pilot disorientation, and will inte rview
pilots of missions which aborted to dete rmine the factors  causing the abor ts .  The overall
aim is to develop a methodology to attack the problem of disorientat ion of pilots .

e. Predic t ive  Ins t rumenta t ion  Sp e r r y  Gyroscope 15 Apr 63 15 Oct 63
Nonr 4 197(00)

This stud y is invest i gating two approaches in effect ing control , u t i l iz ing instrumentation
techni ques and thei r  application to manual a i rc ra f t  control sys tems.  A final report  will be
made on the resu l t s  of pe r fo rmance  observed using various exper imental  modes. The tech-
ni que s to be evaluated in this  initial phase of the stud y will be manual control with conven-
tional instrumentation and manual  control with predictive ins t rumenta t ion .
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2B. U.S. ARMY MATERIEL COMMAND
ENGINEER RESEARCH AND DEVELOPMENT LABORATORIES

I’o rt Belvoir . \ i r g i n i a

A. CURRENT WORK PROGRA M

1 . Water Fi l t ra t ion , Pur i f ica t ion and Dist ribut ion.
(Project  N r .  1D6433 03D55 1)

Task 02 - Ion Exchange Unit

Date Estimated
Task  Expe rime nte r ( s )  Started Completion

a. Ion Exchange Unit , R . J ,  Gainey Jul 62 Jan 64
Mobile 3000 GPH Sani tary  Sciences Br.

In s t r u m e n t  location s , w o r k i n g  area configura t ion  and hazardous  chemical  r e q u i r e m e n t s
a r e bein g studied f r o m  a hu ma n fa cto r s standpoint.

2 . Earth Moving E quipment
(Project  Nr .  1D643324D5 96) -

Task 14 - Tractor , Rubber  Tired , Ballastable , - -‘- -e

a. Un ive r sa l  Eng ineer  S. F . W illiams Em. ’- e Nov 63
Tractor  (Rubber  T i r ed )  Mech. E qui p. Br .

During a maintenance t ea r -down stu dy ,  a human factors  stud y as conducted on the
U E T - R T  and modifications are  being made to the t ractor  as a result  of this  stud y. The
U E T - R T  was evaluated by the U.  S. A r m y  Armor  Board , Ft. Knox , Kentucky. Fur the r  modi-
f icat ions will be made to the t rac tor  involving human fac tors  in accordance with the Armor
Boa rd’ s recommendat ions .

Task 15 - Tractor , Cr awle r , Ballastable , All Purpose

a. Universa l  Eng ineer  W . H. Leather  Jun 60 Jun 65
Tractor  (Crawler )  Mech. Equip. Br .

A stud y was made of control placement , ope rator  comfort , r ide cha ra cte r is t ics , instru-
ment  panel a rra ngement , and ope rator  vis ion on the, prototype a rmored  t rac tor .  As a result
change s are being incorporated into redesi gn of e n g ineer ing  service test units  to improve
huma n factors .

b. ADVANCED PROJECTS

The Mechanical  Equipment Branch was recentl y r eo r g a n i z e d  and now has an Advanced
Engineer ing  and Research  Stud y Section. This Section will make studies of earth moving ,
construction and maintenance equi pment with relation to human factors ( sa fe ty ,  operator  com-
fort , fati gue , e tc . ) .  Tasks  or projects will be implemented to cove r de velopment  work as
required.

3. Combat and Construction Maintenance Tools.
(Project  Nr.  1D643303D54 9)

Task 02 - Eng ineer  Maintenance Shop E qui pment and Tools

a. Load Bank Generator  T. W , Smith Jun 60 Jun  63
Alternator  Teste r Mech.  E qui p. Br .

A human  fac tors  stud y was made on the e n g i n e e r i n g  prototype model.  Re - a r r a ng e m e n t
of control s , c i r c u i t r y ,  and me ters  resul ted in increased opera tor  sa fe ty  ease of operat ion .
The thi rd  test model load bank has the capability of sens ing  the voltage and f r e q u e n c y  of the
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Date Estimated
Task Experimenter(s) Started Completion

power source and automatically switching the load bank circuits.  This will prevent the possi-
bility of damage to the load bank due to operator er ror .

4. Industrial Gas Turbines
(Project Nr .  1D643324D590)

a. Noise Reduction in Gas W. F. McGovern Jun 62 Continuing
Turbines Eng ine Branch

Operating noise level of gas turbines used in military industrial applications such as
turbine-generator  sets exceeds damage risk limits for the human ear. The purpose of this
program is to investigate methods of reducing noise level without resorting to enclosures or
elaborate silencers which result in unacceptable package size and wei ght. As a result of pre-
liminary ana lytical studies , desi gn modifications applied to an experimental turbine produced
a reduction of 15 to 20db in sound level with negligible effect on turbine performance and onl y
minor increases in wei ght. However , the noise level was still higher than desirable , and fur ther
work on more refined techniques for noise reduction is required.

b. ADVA NCED PROJECTS

Work will continue on the present program involving additional anal ytical study and test
of basic theories of sound generation , t ransmission and attenuation. Interna l silencing tech-
niques proved feasible in the current program will be optimized for installation in additional
test turbines.

5. Heating and Air Conditioning, Van Type
(Project Nr .  1D643303D545)

Task 03 - Air Conditioning. Van Type

a. Sound Reduction in Vertical 3. L. Wilson & Mar 63 Sep 63
Compact Air Conditioners F. P. Good

AC &H Br.

The sound pre s sure levels generated by compact hi gh speed air conditioners , when installed
in communications or electronic vans or shelters, interfere with proper functioning of the
operator or operators within the enclosure. The objective of this study is to establish accept-
able testcr i ter ia  for the units to meet and to develop modifications for existing units to reduce
sound pressure  to an acceptable level. Acceptable te st criteria has been established and con-
siderable sound reduction has been accomp lished.

b. ADVANCED PROJECTS

Work is in progress on the evaluation of sound levels produced in electronic equipment
huts by current  type military air conditioners under varying conditions of installation and
app lication. Future plans include the addition of an improved facility to permit sound and
vibration evaluation and equ ipment improvement of military heating, air moving, and air con-
ditioning equi pment . A new construction request has been submitted and a preliminary inves-
tigation of industry techniques in this area is being undertaken.

6. Power Plans , Portable
(Project Nr.  1D634424D589)

Task 02 - Eng ine Generator Family

a. Generator Sets , Mu Std , J. E. Jordan Jul 62 Jul 63
1.5 KW , 3 KW , 5 KW , and G. F. Husted
1 0 K W  R. N. Belt

C. P. Okopinski

Control panels and instrumentation systems we re reviewed and redesi gned to simplif y
operation and permit simultaneou s monitoring of voltage , frequency and load. Interchangeable
instruments and control systems were incorporated to minimize operator confusion when re-
quired to operate generator sets of different ratings.
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Date E s t i m a te d
Task Exper imente r ( s )  Started Comple t ion

7. Viewing and illumination
(Project  Nr .  1D643306D56 1)

a. Binoculars , Close Order J. W. Updegraff  Jun 58 1965
Warfare  Vision Br.

Human Eng ineer ing  Principles are  followed throughout the design phase of this head-
mounted ni ght vision binocular. Visual performance of resolution , depth of focus , stereo
vision ef fec ts , comfort , wei ght, and balance factors are considered from the human eng inee r -
ing aspect throughout the design.

b. ADVANCED PROJECT

Human Factors Eng ineering Plans have not been prepared but Human Eng ineering Prin-
ciples are and will continue to be included in all design work of the present  Close Order
Binocular and the second generation equ ipment.

8. Viewing and illumination
(Project  Nr ,  1D643306D56 1)

a, Unit Commander ’ s E . J. Sheehan Jun 62 Mar 64
Observation Telescope Warfare  Vision Br .

Man to machine relationships are considered throughout the design of this equipment
which is used for observation and surveillance during periods of darkness.  Visual performance
of resolution , bri ghtness , contrast , magnification, field of view , eye relief and adjustments of
elevation , azimuth , and tri pod hei ght are considered from the human eng ineer ing aspect
throughout the design.

b. ADVANCED PROJECTS

Future work includes completing the f i rs t  generation equipment covered in 8a , above .
Human Eng ineering Plans have not been prepared but Eng ineering Principles are and will
continue to be included in all design work.

9. Detection and Ranging
(Project  Nr. 1D643303D560)

a. Passive Sight for Crew C. D. Charlton Jun 62 Jun 64
Served Weapons Warfare  Vision Br.

This device is used as a ni ght vision aid for  observation and sighting of weapons . Visual
performance of resolution, bri ghtness , contrast,  magnification, field of view and eye relief
are considered from the human eng ineering aspect throughout the desi gn. In addition , studie s
were made to determine suitable si ght size and configuration for integration int o the man-
weapon system.

b. ADVANCED PROJECTS

Future work includes completing the f i r s t  generation equipment covered in 9a , and initiat-
ing work on second generation equipment. Human Factors Eng ineering Plans have not been
prepared but Human Eng ineering Principles are and will continue to be included in all desi gn
work.

10. Detection and Rang ing
(Project Nr .  1D643303D560)

a. Ni ght Observation Device E. 3. Sheehan Jun 62 Mar 64
Warfare  Vision Br.

Man to machine relationships are considered throughout the desi gn of this equi pment
used for observation and surveillance during periods of darkness.  Visual per formance  of
resolution , bri ghtness , contrast , magnification, field of view , eye relief and adjustments of
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Date Estimated
Task Exper imen te r ( s )  Started Comp letion

elevation , azimuth , and t r i pod hei ght are  considered f rom the human eng ineering aspect
throug hout the desi gn.

b. ADVANCED PROJECTS

Future work includes completing the in te r im ( f i r s t  generat ion equi pment)  covered in l0a ,
above , and initiating work on second generat ion equi pment.  Human Factors Eng ineer ing
Plans have not been prepared but Human Eng ineer ing  Principles are and will continue to be
included in all desi gn work.

11 . Viewing and il lumination
(Project  Nr.  lD643306D56 l)

a. Small Starlight Scope R. R . Uhler  June 62 Jun 64
Warfare  Vision Br.

This device is a ni ght vision aid for  individual soldiers for  observation and si ght ing  of
weapons.  Studies and evaluations of mechanisms  for providing aiming reticles were con-
ducted to de te rmine  reticle size , confi gurat ion , and bri gh tness  from the human eng ineer ing
standpoint.

b. ADVANCE PROJECTS

Future work includes comp leting the f i r s t  generat ion equi pment covered in 1 Ia,  and
initiating work on second generat ion equi pment.  Human Factors Eng ineering Plans have not
been prepared but Human Eng inee r in g Princi ples are  and will continue to be included in all
desi gn work.

12 . Viewing and illumination
(Project  Nr .  1D643306D 56 1)

a. Image Intensifier  System for H. Strothers  1962 1966
Helicopter Ni ght Operations , War fa re  Vision Br,
Task 1D643306D56 1 - New Bell Helicopte r Co.

Ft. Worth , T exas

Task covers  the development of a simp le , li ghtwei ght remote view night vision system for
installation in A r m y  hel icopters  and othe r low pe rformance a i rcraf t .

b. ADVANCED PROJECTS

During the future  yea r , the Bell Helicopter Company, under contract , will investigate
head-mounted  displays for  present ing  information derived f rom image intensi f ier  systems
for  helicopte r ni ght operations , including pilot ope ration and observer  viewing. Presentation
mus t  be such that pilot can use  ni ght vision presentat ion, see his  ins t ruments  and use unaided
vis ion  where  possible .
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2B. U.S. ARMY MATERIEL COMMAND
HUMAN ENGINEERING LABORATORIES

Aberdeen l’ ro v i n g  (; r o u n d .  Mar y land

A. C U R R E N T  WORK PROGRAM

1. Sy s t e m s  Research

The work p rog ram of the Sy s t e m s  Research  Laboratory falls into three broad , related
ca tegor ies :

Concept weapon feas ib i l i ty  and e f f ec t iveness  analys is .

Application of human f a c t o r s  eng ineering data to materiel  in the R D T & E  cycle and moni-
tor i ng of indus t r i,~l con t r ac to r s,

Human f ac to r s  e ’-l g ineer ing  data storage and re t r ieval , and preparat ion of human fac tors
eng ineer ing  guides , s tandards and specif icat ions .

a . Concept Feasibility Analy sis:

The continued process  of maintaining the defense pos ture  of the U . S. Army through in-
creasing the e f f ec t iveness  of materiel  gives rise to materiel  objectives , which in turn call
for th  many new and novel concepts . Concepts , however , must  be evaluated against other con-
ce pts , exist ing ma t e r i e l , and cu r ren t  developments to de termine  the significance of the concept.

In the past mater ie l  concept evaluations were predominantly physical and mechanical in
nature with no due concentra t ion on the man-opera tor  requi rements .  This , in part , was due
to the lack of data in usable form to be used in the evaluation.

In order  to overcome the deficiencies of the evaluation process , experimental  studies are
conducted to der ive detailed behavioral data in direct  support of a specific concept or class
of concepts .

The approach followed is to perform detailed analysis of new materiel  objectives or c on-
cepts to define and isolate the critical man- task- requi rement  underl ying the objective or
concept. The initial analyses  are used to answer the feasibil i ty of using the human operator
in the various tasks and determining the desi gn aids required fo r  enhancing the operator ’ s
role. When necessa ry ,  detailed experimental  studies are performed to develop operator task
tolerances .  These data are then coup led with physical data to perform total weapon evaluation
studies.  

‘

Date Est imated
Task Exper imenter(s)  Started Completion

C u r r e n t  work  in the area of concept analy sis is:

(1)  Medium Assaul t  Weapon Weapons Br .  Continuing

(2) Special Purpose Infant ry  Weapons Br.  Continuing
Weapon -

(3) Main Battle Tank Mobili ty Br . Cont inuing

(4) Nike X Missile Br .  Cont inuing

b , Application of Human Factors  Eng ineer ing Data and Moni tor ing  of Inudst r ia l  Contrac-
to r s:

This  work area follows the in -house  feasibi l i ty  studies and beg ins at the t ime that pro-
posals for  R &D on major weapon sys t ems  a re  solicited f r o m  industr ia l  con t rac to r s .  Durin g
the proposal prepara t ion , the Human Eng ineering La borator ies  (HEL) provide consultat ion
and data to all proposing f i rms  throug h the medium of b idders ’ confe rences  and individual
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Date E s t i m a t e d
Task  E x p e r i m e n t e r ( s )  Star ted Comp le t ion

m e e t i n g s .  Fo l lowin g the submis s ion  of final proposals , the HEL become a p a r t  of the tech-
n i c a l  eva luat ion  c o m m i t t e e  fo rmed  to select the best  proposal for  deve lopmen t .  Fo l l o w i n g  the
s - l e . c t mo n  of a c o n t r a c t o r , the HEL monitors  the con t rac to r ’ s ef f o r t s  in the appl i c a t i on of h u m a n
( ii. t or s  data , in addition to pe r fo rming  those resea rch  studies r equi red  to es tabl ish a pos i t ion
f o r  the c on t r a c t o r  in u n f o r e s e e n  problem areas , and con duct v a r i o u s  h u m a n  f a c t o r s  evalua-
t i , e , m s on compone n t s  and subsys tems  as they become avai lable .

ih e  p r edominan t  e f f o r t s  are devoted toward in su r ing  the compa t ib i l i t y  of equi pment  de-
s ign  wi th the ope ra t iona l  concepts  and the intended use r  populat ion.  Thus  f r o m  the ini t ia l  task
and ski l l  anal y s is , proposed desi gns are  reviewed to insure  compat ib i l i ty  with the operator ,
s t re s s i n g  such a s p e c t s  as c o n t r o l s - d i s plays ;  i n f o r m a t i o n  f low;  ambien t  and in ternal  e n v i r o n -
r e c e n t  ( i nc lud ing  heat , no i se , v ibra t ion , var iou s gases , etc .); accessibi li ty , mai n tenance  and
c h e c kou t  r e q u i rem e n t s ;  operat ional  procedures  fo r  emplace m e n t  and d i sem placement ;  etc .

‘t h i s  work  is  no rma l l y ca r r i ed  on throug h ET and UT . Sy s t e m s  fa l l ing  wi th in  th is  work
er , -a a re :

( I )  T r u c k  Series  Mobi l i ty  Br . Cont inu ing
( 2) Sher idan/Shi l l e lag h M obi l i t y B r .  Cont inuing
(3) X M 1 O 2  Weapons  Br.  Continuing
(4) TOW Weapons  Br .  Cont inu ing
(5) MAULER Miss i le  Br . Cont inuing
(6) LANCE Missile Br. Continuing
(7) MSTE Missi le Br .  Cont inuing
(8) ML 1 Miss i le  Br .  Cont inuing
(9) MH 1A Missi le  Br. Cont inuing

(10)  PERSHING Missi le  Br . Cont inuing
( 1 1 )  AADS 70 Missile Br .  Cont inu ing
(12)  ZEUS Miss i le  Br .  Cont inu ing

c. Human Factors  Eng ineer ing Data Storage and R e t r i e v a l  and Prepara t ion of Standard s,
Guides and Speci f ica t ions :

The objective of this  work  area is to develop specific documents  which will serve  as guide -
l i n e s , standa rds , or speci f ica t ions  to be used by in -house  development organiza t ions  and their
indus t r ia l  Co n t r a c t o r s  in mee t ing  human fac tors  desi gn requi rements  for  mi l i tary  equi pment .
The prepara t ion  of such documents , however , requires  the availability of in fo rmat ion  and
data which  can be t ran slated i n to standa rds , guides , and specificat ions fo rm.

Available in fo rmat ion  and data covering all facets  of human fac tors  eng ineer ing  and re-
lated topics are  accumulated and s t ructured for  re t r ieva l  purposes.  This information and
data is cont i nual ly reviewed for applicability to cer ta in  mater ie l  r equ i rements, e.g.,  wheeled
vehic les , fi ghting vehicles , miss iles , etc.

An equall y im por t an t  facet  of this area is that , as an in format ion  and data center , it can
point  up areas  in which in fo rma t ion  is lacking and thus serve the purpose  of r e sea rch  leads
and resea rch proposal evaluation .

( 1)  Human Eng ineer ing  Guides Technical Sped - Sep 1963
for  Nike X f ica t ion s  Office

2 . Support ing Resea rch

The Suppor t ing  R e s e a r c h  Laboratory conducts basic and applied human fac to r s  research.
This  r e sea rch  is or iented to def ine  and capitalize on the capabilities and l imi ta t ions  of Army
equi pment  ope ra to r s  under  a wide va r i e ty  of operat ional  and environmenta l  condi t ions .

Three  b ranches , Fi r e Co n t ro l , Applied Psychoph ysiology, and Environmenta l , conduct  a
p rogram of invest i gat ion which includes the following c u r r e n t  tasks:
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Date Estimated
Task Experimenter(s)  Started Comp letion

a. A r m y  A i r c r a f t  Armament  Fire Control Jan 61 Contin uing

This task is to establish baselines for (1)  probability of detection of mil i tary  ground
ta rge t s , (2) the types of ground t a rge t s  most likely to be detected , (3)  the accuracy with which
the slant range to such targets  may be estimated and (4) evaluating mechanical , optical , or
elect ronic aids for both ground target  detection and range est imation.  To investigate the
problems of nap -o f - the -ea r th  navi gation and a i rcraf t  vulnerabili ty . One ground ta rge t  detec-
tio n st udy and one range es t imat ion  study have been completed and the resul ts  published. A
pilot stud y on the vulnerabi l i ty  of a hel icopter  to a single rifleman and studies on audi tory
localization of the a i rc ra f t  were  c onducted this year and are  in various stages of analys is  and
publication. It is anticipated that most  e f fo r t  will be concentrated thi s f iscal  year on problems
of low level navi gation and a i r c r a f t  vulnerability.

b. Aerial Television Sensor Fire Control  Mar 61 Continuing
and Remote  Monitor

This task was initiated to de termine  operator  l imitat ions and acceptable disp lay degrada-
tion s f or de t ec t ion , ident i f icat ion,  and acquisition of ground t a r g e t s  f r o m  a remote television
sensor .  During the Coming year , pr imary emphasis will be placed upon investigating visibility
problems associated with the inherent characteristics of the TV system as they interact with
the human observer ’ s ability to detect and identi f y military ta rge t s .  One stud y investigating
targe t  detect ion as a function of exposure time and disp lay mode has been completed.

c. Vi gilance App. Psy. Br .  Jun 59 Continuing

This task is being conducted as a mult i-phase in-house research program.  Current  em-
phasis is on the effects of feedback upon monitoring performance. It has been demonstrated
that feedback (knowled ge of resul ts)  can eliminate performance  decrement .  Feedback in the
fo rm of mild electric shock was found to be no more effect ive than audi tory feedback in the
ini t ial  monitor ing session.  Studies during FY 1964 will be concerned with the possible dif-
fe rential  t ransfer  effects  of aversive and neutral  feedback.

d. Desi gn of a Picture Language App. Psy. Br . Jul 61 Thru FY64
to Identif y Vehicle Controls

This task was initiated to develop a non-verbal  system of labelling wheeled vehicle con-
tr ols , enablin g fo re i gn personnel  (e.g. ,  of the NATO group) to operate equipment with a mini-
mum of t r a in ing .  A tentative set of picture symbols has been constructed,  and is now being
evaluated. Effort  dur ing  FY 64 will be directed at final evaluations and extensions of the
sy mbol set to all d ials , mete r s , gauges and warning li ghts .

e. Ph ysical  Force Problems App. Psy. Br . Aug 62 Continuing

The purpose of this program is to determine the energy  cost of selected physical tasks
and the effects  of such energy  cost upon the fulf i l lment  of p r imary  and secondary job require-
ments . Thi s will include studies of rotary work and load ca r rying. With respect  to rotary
work ,  such variable s as torque , handcrank dimensions , and placement of c ranks  will be in-
ves t i gated. The load c a r r y ing capability studies will emphasize the design features  ~~ con-
ta iners .

f.  Audi tory  Localization of App. Psy.  Br.  Jul 62 Continuing
Combat Sounds

The purpose of this p rogram is to de te rmine  those character is t ics  of selected battlefield
sounds that contribute to auditory localization. A comparison of battlefield sound localization
and localization of pure tones will be made. Test ing will be per formed with and without corn-
bat head gear .  The data will be used for two purposes:  ( I )  as an aid to the development of tech-
ni que s in object ident i f icat ion , and (2)  as an aid to the desi gn of weapons with minimal or
maximal sound ‘ signatures. ”

g. Detection of Fi gures  in App. Psy. Br.  Sep 61 Jun 64
Whiteout  Conditions
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Date Est imated
Task Exper imenter (s )  Started Completion

The purpose is to exp lore the perceptual  consequences  of a un i fo rm visual field (ganzfeld)
under controlled laboratory condit ions.  The uni form field occurs in the a rc t ic  and occ~~,ionall y
to pilots.  In both cases severe visual deficiencies resul t , such as myop ia and loss of depth .
The studies will include invest i gations of the effects  of colored fields and i n t e r m i t t e n t  li g ht in g
upon the detection of f igures  in the ganzfeld.

h. Operation SWAMP FOX Env .  Br.  Aug 62 Cont inuing

The purpose of thi s program is to obtain quanti tative data on the e f fec t s  of a t rop ical
env i ronment  upon men operating mil i tary equi pment.  The program has four (4) major objec-
tives: ( 1) measurement of heat s tress experienced by men per forming  regular mil i tary du t ies ,
i .e. , operat ing vehicles of i n t e r e s t  to the A r my ;  (2)  measurement  of total thermal  balance of
men in selected tropical envi ronmenta l  s i tuations;  (3) a s ses smen t  of the ef fec ts  of a hot wet
environment  upon the pe r fo rmance  of men confined to t rack- laying vehicle s for  prolonged
time periods;  (4) a human fac to r s  survey of selected vehicle s of i n t e r e s t  to the A rm y  with
emphasis  on tropicaP~mployment ,  These data will be obtained during Opera t ion  SWAMP FOX
in Panama.

i. Effects  of Exposure to Impulse Env. Br , Aug 55 Cont inuing
Noise on Human and Animal
Hearing

The eventual goal of thi s p rogram is to provide data for  the development of human damage
risk cr i te r ia  for  impulse noise  exposure .  An important  by-product  of th is  p rogram will be
the contr ibut ion of new basic informat ion  about hearing.  Both humans and Rhesus  monkeys  are
being used as experimental  subjects . A reliable and eff icient  method of obtaining aud iograms
for monkeys has a l ready been developed and monkeys are cur ren t ly being used to de te rmine
the relat ion ships between auditory threshold shifts and selected noise pa rame te r s .  Following
the developm ent of sui table me thodological techni que s for humans,  e f fo r t s  will be d i rec ted
toward determinat ion of the effects  of noise parameters  suchas  rise time , peak so und pr e s su re
level , duration , r epet i t ion r ate , and number of impulses , on temporary  th reshold  sh i f t s .

j. Crew Performance  Env. Br .  Cont inu ing

The purpose of this program is to de te rmine  the effects  of prolonged conf inement  in
tracked vehicles on the performance  of mil i tary personnel .  During FY 64 emp has is  will  be
placed on investi gating: ( 1)  the ef fec ts  of repeated exposure to prolonged conf inement  in
tracked vehicle s , and (2)  the effects  of vary ing intervals  between conf inement  per iods , as
acclimatizing techni ques in the amelioration of initially observed decrements .

k. Leg ibility of Alpha-Numer ic  Env. Br .  Oct 62 Cont inu ing
Characters

One aspect of this task is the determinat ion of the optimal spacing to be used between
le t te rs  in words on control  or annuncia tor-panel-type  labels, A second aspect  is the com-
pilation of an exhaustive and evaluative review of the research on , and human f a c t o r s  recom-
mendations about , the condit ions that make le tt e r s  and numerals  leg ible or ille g ib le.

1. Explora tory  Stud y: App. Psy. Br. Jul  62 Cont inu ing
“Psychweap”

This is a new task in which r esearch  was initiated in Jul y 1962 . ‘Fhis  is a c la8sif ied
pro jec t .

3. Eng inee r ing  Research

The Eng ineer ing  Research  Laboratory is composed of f ive branches :  Design Eng i n e e r i n g ,
Electronic Development , Acoustical , Technical Photographic , and Exper imenta l  Shop, whose
p r imary  purpose is to provide genera l  and specialized support for the Sys tems R e s e a r c h  and
Supporting Research Laboratories.  This laboratory also ini t ia tes  and cond icts  r e s e a r c h
projec ts  that r equ i re  s ingular  and specific eng ineer ing applicat ions to the o v e r - a ll  human
fac to r s  eng inee r ing  miss ion  of the Human Eng ineering Laboratories .
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Date E s t i m a ted
I a sk  E xp er i men t e  r ( s )  Sta r t ed  C o mp l e t i o n

.i . M e d i u m  A s s a u l t  W e - u p o n  Ju l  62 J a n  b 3
R & D  f a c i l i t i e s

( 1) Deve l o p m e n t  w o r k  in the f ie ld  of v i s cous  d a mp i n g ,  as  app lied to the p r i m a r y  r o t a t i n g
i i e r i c ber s  of l i g h t ~~ e ig h t  M e d i u m  A s s a u l t  Weap on was emp has i zed.  A li g h t w e i ght  mo unt  m o c k - u ps~. s ‘lesi g n e d a r i d  f a b r i c a t e d  i n c o r p o r a t i n g  v a i n - - t y p e -  v i s c o u s  dam ping m e c h a n i s m  for  both (‘le

v a t i n ar -id a z i m u t h  m odes .  The a z i m u th  d a m p e r  f e a t u r e d  an a u t o m a t i c  dev ice  to reduce  damp-
i n g  t o r q u e -  d u r i n g  r ap i d  t r a v e r s e - ,

(~ ) In  o r d e r  to p e r f o r m  a i m i n g  and t r a c k i n g  t a s k  p e r f o r m a n c e  ana l y se s , i t  i s  in g e n e r a l
L n e - c e -  s a  ry  to have n e a r l y c o n t i n u o u s  m e a s u r e s  of the deviat ion of aim point f r o m  the t a rg e t .

F u r t h e r ni o r i - , i t  i s  d e s i r a b l e  in some c a s es  tha t  the sy s tem  be- l ig h twei g ht  and have  a high
f r eq u e n c y  r e s p o n s e .  An act ive  i n f r a - r e d  sy s t e m  has been u n d e r  d e v e l o p r i i e - n t  wh ich  r e c o r d s
in r eal  t i m e  the t rue  e r r o r , the  mean , aver ag e dev ia t ion , and RMS value s of a i m i ng  er r o r ,
u — e - f u l  a t  r a ng es  up to 500 m e t e r s , wi th  a f r equency  r e sponse  f r o m  z e r o  cyc les  to 10 ki lo-
cy cl e s .  ‘l’he d e t e c t o r  a s sembly which is mounted on the weapon wei gh s  12 oz. A modula ted
incand e s c e - n t  li g ht so urce  is mounted  coinc ident  w i th  the visual  t a r g e t .

(3)  In o r d e r  to s i m u l a t e  the blast  e f fe c ts  of r o c k e t  m o t o r  on a gunne r , a blast  s imu la to r
was de s i g n e d and bui l t .  The s i m u l a t o r  co n s i s t s  bas ica l ly of an a i r  c o m p r e s s o r , a i r  s t o r age
t a n k , and a s i x - i n c h  d iap h r a g m  opera ted , q u i c k - o p e n i n g  v a l v e .  -l he s y s t e m  o p e r a t e s  at a
m a x i m u m  p r e s s u r e  of 150 psi and the valve opens  in a p p r o x i m a t e l y 5 m i l l i s e c o n d s . l b e  com-
p r e s s e d  a i r , re leased th roug h a De Laval nozz le , is d i r ec t ed  towa rd a h u m a n  sub jec t  a n d / o r
an i mp u l s e  r e c o r d i n g  dev ice  to ob ta in  accep tab le  l i m i t s  of i mp u l s e  c o n s i d e r e d  p r a c t i c a l  and
safe  f o r  i e  a s  r o c k e t  m o t o r  d e s i gn c r i t e r i a .

b . N o i s e  I mp u l s e  Stud y F a c i l i ty  J u n  ( 3  A u g  e 3

F a c i l i t y  w o r k  r e qu i r e d  to s up p o r t  the  subj e c t  s tud y i n c l u d e d  the d e s i gn of a c o n v e r s i o n
u n i t  to be a t t a c h e d  on M60 Machine  Gun for  the purpose  of m a k i n g  i t  p o s s i b l e  to a u t o m a t i c a l ly
and r e m o t e l y f i r e  bla nk am m u n i t i o n  at a v a r i a b l e  ra te  up to a m a x i m u m  of 1 r o u n d  per  secor cd
w i t h o u t  the- u s e  of a c o mp e n s a t o r , and the d e s i gn of an a i r - c o n d i t i o n e d , sound  - p r o o f  r e a m  f o r
a u d i o m e t r i c  t e s t i n g  of human  and an ima l  subjec t s .

c. Heav y A s s a ult  W e apon  ( l ’O W )  Nov t I  J u n  ( 2
R & D F a c i l i t y

I ’his  p r o j e c t  i n v o l v e d  the des i gn and f a b r i c a t i o n  of t h r e e  d i f f e r e n t  t y p e s of r o c k e t  l a u n c he r
mo u n t s  ( f r e e , h a n d w h e e l , and ra te  aided ) capable of f i r i n g  a 3.5 inch  r o c k e t .  ‘l’he p u r p o s e  of
the m o u n t s  w a s  to ob t a i n  opt imum desi gn c h a r a c t e r i s t i c s  c o n d u c i v e  t i  a c c u r a t e  t a r g e t t r a c k -
in g and the e f f e c t  of v i s c o u s  d a m p i n g  on t r a c k i n g  p e r f o r m a n c e.

d. H u m a n  Eng i n e e r i n g  A pp l ica-  Sep 6~ C o n t i n u i ng
t i o n s  of T h e r m o e le c t r i c
D e v i c e s

The pu r p o s e -  of th is  p r o g r a m  is to in v e s t i g a t e  pu s  s ib l e  app l i c a t io n s  of th eri -n i e - l e c t r i c
de v i c e s  to f u t u r e -  m a t e r i e l  desi g n .

e . Combat  C r e w m a n ’ s H e l m e t  Aug t 3  C o n t i n u in g
N o i s e  Eva lua t ion

Noise  eval uat ion of the comba t  c r e w m a n ’ s h e l met  l S ( - c  and \ I C  f o r  u s e - in the 1 - 19 5 - E l
and ‘1- 1 9 6 — E l ,  C o n t i n u o u s  noise , i n t e l l i g i b i l i t y and c e , m m u n i c , i t i e r i  s tu d b - s .  B l a s t  m e a s u r e -
m e n t s  f o r  v a r i o u s  weap ons  a n d/ o r  comba t  ve h i c l e s .

f . Impulse  Nois e  J u n  t 3  C o n t i n u i n g

Impu lse  n o i s e  m e a s u r e i i c e - n t  s t u d i e s  of smal l  a r m s  such  e s  N I — I  1 , AR I 5 , G r e ’ r m a d e  Launche r
and 45 Cal ,  P is to l .

g. No i s e -  Eva lua t ion  - Mar  63 C o n t i nu i n g
Ex p e r i m e n t a l  Mines

C u r r e n t  work :  Noise  eva lua t i e cn  of exp e r i m e n t a l  c h a r ge s  and d e f l i - c t i n g  d e v i c e s  fe er  m i r e - s .
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2B. U.S. ARMY MATERIEL COMMAND
MISSILE COMMAND
I~e~Is t o t i r  t i’~ e u a I. \ l a l e t n i a

A . C U R R I N l  W O R K  PROGRAM

l u i u j e c t  C o n t r a c t o r/ A c t i v i ty

a. L A N C E  L I V

In a d d i t i o n  to dail y e f f o r t s  in d e s i gn , p r o c ed u r e  d e v e l opm ent , d o c u m e n t a t i o n, spe c i f i ca t i on
r e v i e w s  end c o n s u l t a t i o n, the LANCE h u m a n  Fac tors  Eng i n e e r i ng  P r o g r a m - i  d u r i ng  the  c u r r e o t
r e p o r t i n g  per iod was h ig hli ghted b y the  fo l lowing  a c t i v i t i es :  M o c k u p s  of t he  major  s y s t e m
equipm e i-ct w e r e  f a b r i c a t e d  and ut i l ized to p e r f o r m  h u m an  f a c t o r s  e n g i n e e r i ng  s t u d i e s  of LANCE
Sys tem d e s i g n  and to d e v e l o p  and r e f i n e  op e r a t in g  p r o c e d u r e s .  F u n c t i o n a l  m oc k u p s  w e r e  p r - -
pared for  the Miss i le  amid Miss i l e  S to rage  Racks , Self P rope l led  L a u n c h e r , Tr a n s p o rt . -r-
Loader , L i m i t e d  M o b i l i ty  La u n c h e r , P r e f i r e  T e s t e r  and F i r i ng  Pack . ‘lime s t u d i e s  and per-
f o r m a n c e  e v a l u a t i o n s  w e r e  p er f o r m e d  u t i l i z i n g  th i s  moci:up equi pmen t  d u r i n g  d a y li g ht  and
blackout  and u n d e r  v a ry ing sy s te m  opera t ional  c o n d i t i o n s .  I nco rpo ra t ed  into  the  m o c k u p
evalua t ion  p r o g r a m ’n was a per iod of i n t e n s i v e  a s s e s s m e n t  b y u s e r  t roop p e r s o n n e l  who pe r-
f o r : ne d  as  equ ip m e n t  ope r a t o r s  and eva lua to r s . In addi t ion to the m o c k up  -va lua t i on  a c t i v i t i e s ,
the FIFE e f f o r t  inc luded  de ta i led  s t u d i e s  of o p e r a t o r  p e r f o r m ance  of a z i m u t h  l ay ing  t a s k s  f o r
the purpose  of s e l e c t i n g  si gh t ing and l ay ing equi pm ent  and to i n su re  compat ibi l i ty  of equ i p m e n t
and ope r a t i n g  p r o c e d u r e s  with s tandard a r t i l l e r y  lay in g prac t ice  -

b. M A U L E R  G D/P o m o n a
HEL

Op e r a t o r  mot ion e f f e c t s  e xp e r i m e n t s  w e r e  conducted to d e t e r m i n e  the enve lope  of opera-
t o r s  p e r f o r m a n c e  leve ls  over a l imited range  of Pt iodic v ibra t ion  condit ions , opera t o r s
capabil i ty of u s ing  a s imulated control  console when  being subjec ted  to aper iodic  motion , ac-
ti v:ition t ime fo r  swi tch ing  func t ions  d u r i ng  aper iodic  motion , and to eva luate the e f f e c ts  of
va r ious  seat cush ion  conf i g u r a t i o n s  on o p e r a t o r  p e r f o r m a n c e .  Other  HFE s tud ics  conduc ted
during the c u r r e nt  r e p o r t i n g  per iod i n c l u d e d:  t In e  Powe r Control  Uni t ;  Pod; APG road t e s t s
of v eh i c l e  wi th  pod; i n t e r i o r  li ght ing;  BCP concepts ;  and Task  and Skill Ana l y s i s  Volume 11.
A p re l imina ry  noise s u r v e y  of the Eng i n e e r i ng  M odel Pod N r .  1 a nd the  XM 5 - I l  Veh i c l e  Pilot
Nr .  2 was pe r fo rmed  to ac qu i r e  data r e l a t i v e  to commun ica t i ons  i n t e r f e r e n c e , dete ctabi l i ty
and possible ph ysiol og ical e f f e c t s .

c. M U L T ISYSTEM TEST EQUIPMENT ( M T E )  RCA
USAMICOM

h uman  f a c t o r s  eng i ne e r i n g  anal yses  were  pe r fo rmed  in con junc t ion  with the fo l lowing
e f fo r t s :  V e h i c l e  and She lt e r  Stud y; Air  Condi t ioning  Stud y; E n v i r o n m e n t a l  Requi re m u - m i t s  Stud y
M TE Charac te r i s t i c s  Stud y; Tes t  R e q u i r e m e n t s  Anal ys is ;  E lec t r ica l  Powe r Source Stud y;
Plan of A pp roach f or ‘r ask and Skill Anal y sis , Training Aids Feasibi l i ty  Stud y and New E qui p-
ment  T r a i n i n g ;  and  Readout  Devices  Stud y.  An Elec t ronic  Shel ter  mockup was const ruc t ed  and
ut i l i zed  as ;e h u m a n  f ac to r s  eng i n e e r i n g tool to a sce r t a in  w o r k sp a c e  and e n v i r o n m e n t  d e s i g n .
Time anal yses  we re p repared  to de t e rmine  average  tes t  t ime r equ i red  for  a nu m ber  of t y p ical
un i t s  unde r t e s t .  Funct iona l  f low cha r ts , func t iona l  an a l yses  and detailed ope ra tor  p r o c e d u r e s
for the E lec t ron ic  Ti st Group were  devel ~mpe d. Operator console and rack config u r a t i o n s  were
de t e rmined .  P r e l i n m i c n e r y  equi p n m c e - n t specif icat ions were  reviewed b r  inc lus ion  of a p p r o p r i a t e
human  f a c t o r s  eng i n e e r i n g  p r o v i s i o n s , M T E - 5 7 1 2 , Huma n Factors  Desi gn , M u l t i s y s t - c i m  ‘F e st
E qui pmen t , was p r ep a r e d  as the MT !. human fac tors  eng i n e e r i n g  d c -s i gn c r i t e r i a .

d. PERSHING Ma r t i n - O r l a n d o
HE L

Majo r PI-~RSHlN G human  facto i - s  eng i n e e r i ng ( l I F E )  a c t i v i ty  dur i ng the  c u r r , - n t  r epo r t ing
period involved equi pment  d e s i g n , Local Weapon Sys tem Tes ts , and Arct ic  T e s t s . A detailed
HFE a n a l y s i s  on the f i r s t  p roduct ion  model  of the Com munica t ions  Cen te r  was conducted. A
c o m p r e h e n s i v e  Powe r Station Noise assessment  program was comple ted .  Speech in te l l i g ib i l i ty
tests  we re- p e r f o r me d o n  cu r r en t  and proposedcommunicat ie-cns headsets . Other  r e p r e s e ntat ive
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Con t r ac to r /Ac t iv i t y

HFE desi gn studies w e r e  pe r fo rmed  on the Sys tem Test Station , Components Tes t  Station ,
ground n e t w o r k s  color coding,  a z i m u t h  lay ing equipment , and vehicle  v i s i b i l i t y .  HFE activity
in the Local Weapon Sys tem Test Program concentrated on a z i m u t h  lay ing p r o c e d u r e s  and
devel opment  of shor t  computat ion f o r m s , evaluat ion of az imuth  lay ing skills , deve lopment  and
t e s t s  of blackout  li gh t ing  techniques , and manual a c c u r a c y  exper imen t s .  E x t e n s i v e  HFE studies
and observat ions  were  pe r fo rmed  dur ing the Arctic Test  Program to: Obtain data pe rtinent to
opera to r  prof iciency and eff ic iency;  measure and evaluate system reaction t imes and task
complet io n ti m es; eval u at e op er ating dif f ic u l t ies  re sulting f rom the encumbrance  of Arctic
clot  ic in g ; develop an out l ine  of po ten t ia l  p rob lem areas ;  evaluate  actual  r epa i r s  to de termine
the  abi l i t y of th e p resent p roc edures , tools , component wei g hts and access ib ili t i e s , dis play s ,
and i i v c i m x i c ents to s tud y adequate mal f unction det ection , i so la t ion, and c o r r e c t i on ; obse r ve and
record  the phys io log ical ef fec ts  of both ex p o s u r e  and work  at low t e m p e r a t u r e s .  The Arct ic
Test el lor t  was completed and a comprehensive HFE report  prepared.

~~~. R E D E Y E  GD/Pomona

Human fac tors  eng inee r in g studie s of des i g n chang es to the lau ncher  g ripstock were  per-
fo rnncd with the objective of simplif y ing opera t ionb y placing less emphasis  on operator manual
dexte r i ty r equ i r emen t s . A model of the launcher gr ipstock was fabricated incorporating safety
t r i g ge r  and  o ther  design r e f i n e m e n t s  resu l t ing  f rom the human fac to r s  s tud ies .  Opei~ator
c h a r a c t e ri s t i c s  were  a s ses sed  b y moni to r ing  shoulder launch  f i r i n gs  and analyzing hi gh speed
f i l m s .  Human  f a c t o r s  studies of improved presentat ion and of the launcher telescope were
in i t i a t ed .

I. SERGEANT Sp e r r y - U t a h  Co.
i l luminat ion studies were  pe r fo rmed  for  the Fir ing Set , OMTS and FMTS , to a s su re  that

light ing would suff ice  for all operator  func t ions  and not h inder  readabili ty of visual displays.
Mockup m e a s u r e m e n t s  w e r e  uti l ized to ver i f y the stud y resu l t s .  Other  human fac tors  eng i-
n e e r i n g  s tudies  and desi gn par t ic ipation act ivi t ies  per formed dur ing  this  reporting per iod in-
volved Booii~ Control  Panel Redesi gn; blackout li ghting for  the OMTS , FMTS , and launching
stat ion;  c3mmunicat ions  system (headset studies and performance  measurements) ;  develop -
ment of a SERGEANT shop set; e lectroluminescent  panel li ghting for  the f i r ing  set; GSE noise
reduction (Ga s Tu r b ine Gene ra tor Set , h y draulic pump and motor , air condi t ioners, etc. ); and
Azimuth Or ientat ion U nit r edesign for  improved field operation (controls , eyep iece , li ght-
ing,  etc.).

g. TOW Hug hes

During the cu r ren t  report ing period , manually-o perated launcher  desi gns were  studied to
de termine  an opt imum confi gurat ion for  best target  t racking per formance  b y the human opera-
to r. These  confi gura t ion  studies considered functional requi rements , ope r a tor  size , operator
reach and motion c apab i l i ty ,  operator comfort , hi gh speed slewing and target  acquisition ,
set-u p time , p o r t a n i l i ty ,  simplicity, and low silhouette . A wooden mockup with moving and
ir. terchangeable  pa r t s  was  cons t ruc ted  and ope rator pos tu res  and posi t ions  were  studied to
r evea l eye piece and h a n d  control  desi gn c r i t e ri a .  In addition to ta rge t  t racking performance
ex per i m ents , condu cted i n the f ie l d , studies were pe r fo rmed  in the laboratory tb determine
the feasibil i ty of d i rec t  manual t racking;  determine the influence of several  optical and me-
c h a n i c a l  de si gn pa ramete r s ;  determine , on a pre l iminary  ba sis , parameter  values;  and char-
ac ter ize  human t r ack ing  pe r fo rmance  in te rms of powe r spectra and t r ans fe r  funct ions  for
app licat ion in sys t em anal ys i s  studies .  Var iables  considered consisted of target  pa ramete rs ,

i c t i c s , c o n t r o l l e r - t o - l a u n c h e r  gear ratio and damp ing coeff ic ients ;  f u r t he r  variables to be
c o ns i d e r e d  a r e  backlash  and windup ,  con t ro l  confi gu ra t i on , opera tor  var iab i l i ty ,  t ra in ing
o f f e c t s . and v i s i b i l i t y  and o b s c u r a t i o n  of t a r get .  Reticle  confi gurat ion , h eadres t , and eye -
guard  s t u d i e s  were  u cr f o r m e d . A p r o g r a m  to evalua te  l a u n c h e r  e n v i r o nm e n t a l  e f f e c t s  was

n i t  - i t t  d

- - Ad va nced Pr oj e~~ts U S A Nt I C O M

ce of r e s e a r c h  is  pi m a n ly i nvolved in the m o n i t o r i n g  of the  N av e  e f f o r t s  the re in.
- - r - , t t  - a r r i - i c e n t  and a n t i - t a n k  -e s e a r c h  is being conducted unde r the ARI3ALI ST program .

- .~~) ‘~ .7 r  l eas ib il i ty  s tudies a - - e con t inu ing .  Other tasks will be cons idered  as th y a r i se .

- ~~m l m m ,  P r ep a rat i o n  USAMICOM

~ .t P lease .~ ., l i - r i m color . sound fi lm on acoustic no i se  was prepared  to describe
- .,i pr  i l  - ,s , and  co r rec t ive  m e a s u r e s  con t rac to rs  add eng i n e e r s  can take in missi le

i t .
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2B. U.S. A R M Y  MATERIEL C O M M A N D
MOBILITY COMMAND

Cente r  Line.  Mi eh i gan

T r a n s p o r t a t i o n  . e - a- ar c h  C o m m a n d , Fo r t  E u s t is , V i rg in ia

A. C U R R E N r  W O R K  PROGRAM

I . 1-lu man Eng i n e e r i n g  Applic at ions (Pro j . No. 1A 0247 01A 1 2 1 )

L. The objective of th i s  project  is to provide desi g n cr ite r ia to i n s u r e  the maximal ly ef f ective
ut i l ization of m a n - s k il l s  in the A r my ’ s a e r o n a u t i c a l  and t r a n s p o r t a t i o n  s y s t e m s .

Task  e f f o r t s  will inc lude , but a r e  not li m ited to:

(a )  M i s s i o n  and task  ana l yses  of p r e s e n t  and anticipated A r my  mis s ions  to provide i n -
for mation on which m a n - m a c h i n e  task and func t ion  allocations can be based.

(b) E f fec t s  of env i ronment  on pe r fo rmance , e .g. ,  t empera ture , noise , vibration , accel-
e ration , etc.

(c )  C r e w  visual r e qu i remen t s .

(d) I n f o r m a t i o n  r equ i rements  and disp lays .

(e )  Control requi rements , conf igura t ion , character is t ics  and control -display relation-
ships.

( f )  Crew station layout and space allocation.

(g )  Mai n ta inabi l i ty .

( h )  Crew station and human factors  standards and specifications.

( i )  Army air t r a f f i c  control .

Date Estimated
Task Exper imente r ( s )  Started Comp letion

03 - Human Factors Lt Col Johnson Dec 56 Continuing
Consultant

The objective of this task is to provide human eng ineer ing assistance as required in the
establishment of design cr i ter ia, the development of prototype equipment and the tes t  and
evaluation of sys tems where  man is involved as a systems element .

This task provides for professional  representation on scientific advisory panels , inte r-
service  and international standardization committees , human eng ineering participation in
in-process reviews, mock-up inspections, etc.

04 - Operator Machine HEL Jun 61 Jul 64
Relat ionship (GEM)

The objective of this  task is to determine optimum control configuration and display re-
qu i remen t s  for  operation of ground effect  machines.

05 - A r m y  Aviation Mission Lt Col W. Johnson , Jul 63 Jul 64
Anal yses  USA TRECOM

J. Stephe n s ,
USA HEL

The object of th is  stud y i s to produce a catalog of A r my  air missions on a time base in-
dicating those requ i rements  common to all miss ions  and those which are mission sensitive .
The missions will be described in t e rms  which will be directl y usable in time -line and task
anal yses  for fu tu re  human eng inee r ing  studies.
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Date Estimated
Task Experimenter(s) Started Comp letion

2 . Ai rc ra f t  Crashworthiness  Research (Proj . No. 1AOZ47O1AXXX )

The immediate objective of this pro jec t  is to determine those design deficiencies respon-
sible f o r  the hi gh incidence of crew and passenger  injur ies  in survivable type a i rc ra f t  acci-
dents.  The ul t imate  objective is to develop design criteria to overcome these limitations and
app ly these principles to future  aircraft  designs.

To date there have been a total of ei ght dynamic crash tests conducted under this project
utilizing HUP-Z , H-25 , H - l 3  a n d H -Z l  aircraft . Two of these experiments have been conducted
using drone installation. Experimental  troop seats have been designed , fabricated and installed
in crash test  vehicles as the knowled ge required to conduct this e f fo r t  became available . In
all cases the human tolerance to force capabilities were integrated with the a i rcraf t  structural
limitations to produce realistic crashworthiness characte ristics. The results of this program
are evident in some of the newer a i rcraf t  being procured by the U. S. Army.

This effort  will be continued to include dynamic crash testing of representative type s of
Army a i rc raf t  and ai rcraf t  components , stud y of crash safety and crash survival equi pment
methods and procedures .

01 - Ar my Ai r c r a f t  Troop F. P . McCourt  Jul 63 Jul 64
Seats W. J. Nolan

USA TRECOM
Flight Safety
Foundat ion , Inc.

This task will produce design criteria for  troop seats based upon the results of earlier
studies involving full - scale instrumented helicopter crashes.

3. Survivability Desi gn Criteria (Proj . No. l D l Z O l 4 O l A l 5 O )

Various E. V. Merri t t  Feb 59 Continuing
J . L. Reed
R. Fama

This program , consisting of many individual tasks has as its objective the determination
of the degree of vulnerability of Army aircraft  and the optimum degree of protection which can
be provided for  air crews through the combination of personnel and aircraf t  armor .

Tasks include studies ranging from determination of detectability by various censors and
the development of desi gn criteria for reduction of detection to the desi gn and fabrication of
prototype armor kits for all Army aircraf t .

Included in this program are human engineering studies of the effects  of this a rmdr  on
pilot performance because of restriction of visibility, limitation of . physical movement . etc.

4 . Surveillance Aircraf t  and Related Developments (Proj . No. lD l 3 l2 0 lD l 59 )

The objective of this project is to conduct studies , fabricate , construct and fli ght test
a i r f rames incorporating V/STOL concepts of promise to determine the fli ght characteristics
of such an airplane and ultimately to provide the information required for desi gn of aircraft
to fulfill future Army surveillance missions .

Gust Acceleration Simulator R. L . Bru gh Jul 63 Jun 64
Stud y TRECOM

North American
Aviation, Inc.

The objective of the program is to study the effect of task loadings upon the performance
of the pilot while experiencing accele ration time historic s repre sentative of topical low-altitude,
hi gh-speed missions. The simulation of the vertical motion due to turbulence will be accom-
plished by the movement of human subjects in a fli ght simulator which permits vertical motion
to be controlled. During the tests the pilot s will be given realistic tasks to perform.  The cock-
pit will be representat ive of a high-speed aircraft  and noise will be introduced to add realism
to the mission.
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2B. U.S. ARMY MATERIEL COMMAND
MUNITIONS COMMAND

I )o%e r. \e~% Jerse~

.. C t R R :~N I i%O R K PROOR \M

Dat e Estimated
T a s k  E x p e r i m e n t e r ( s )  Star ted Complet ion

1. R e n r i t e  Comm and  (; m m t r o l  Louis Gal lun  May 1963 Cont inuin g
L. E qui pment  E / X N I  I N - I

.-~DC Sy s t e m

The work  of t h i s  p ro jec t  i n v o l v e s  providing human f ac tors  eng inee r ing gu idance for  the
desi gn of -~~ d i s p l a y - c o n t rol pan el. Th e main basis for this  guidance is the es tab l i shed  human
f a c t o r s  enc i n e e r i ng  desi gn  pri nci pl es. A funct ional  mockup is bei ng developed to be u sed f o r
ev a lu a t i i a  the  proposed  desi gn in ter ms of safety and ease of operat ion and maintenance.

2. Fuze for  P rojec t i l e  -174 Louis Ga l lun  May 1963 Con t inu ing

H u m a n  f ac to r s  e n g i n e e r i n g  gu idance  is being provided for  the R&D phases of this  fuze .  It
is a m u l t i ple sec tion f i i ze , the parts  of which mus t  be mated in the field ju s t  p r io r  to f i r i n g .
Accurac y .  sa fe ty , and rel i abi l i t y a re  ext r emely important .  Thus , human fac tors  eng i nee r ing
w i l l  be co nc e n t r a t e d o n  t he accu r acy , ease and safe ty  of mating and sett ing the var ious  compo-
nents under a va r iety of field conditions with and without protect ive  handwear .  Funct ional
mockups  will be used initial ly for evaluating proposed des igns.

3. Special Devices A. Char les  K a r r  June 1962 Cont inuing
and Ent i re  Staff

Pro viding human factors  eng in eering ass is tance f or the desig n and development of several
f ami l i e s  of spe cia l weapons and devic es for co nv entional  war f ar e and p a r a m i l i t a r y  opera t ions .
This work  is per formed th roug h clos e , day-to-day cooperation with the Special  P roduc t s  Divi-
sion of Frankford Arsenal .  The work involves app lyin g available human fac to r s  data; obtain-
ing , throug h exper imenta t ion , data that is not readil y available;  as s i s t ing in the conduct of
s tudies  and measurements  when knowled ge of the physical , physiolog ical and psycholon ,’ical
capabil i t ies and l imi ta t ions  of the human being is required  in order  to obtain valid r e su l t s  or
to i n t e r p r et the fi ndi ng s ;  a s s i s t i ng  in the p repa ra t i on  of simple ins t r u c t i on s , handbook s and
the lik e for indi g enous fo rces .

4. LASER Range Finder A . Char les  K a r r  Sep 1962 C o n t i n u i n g
James T , O’Connor

P r io r  to the development of a pro to type , an exper i ment was cond ucte d to co mpa re th e
accurac ies  of lay ing with t h r ee  conf igurations of the LASER Range F inder,  The t r i pod-
mou nt ed sy s tem p roved best  by both objec tive and sub jec t ive  repor t s .  The p ro jec t  eng ine e r s
have be en using this  in fo rma t ion  as well as other data obtained f r o m t h e  expe r imen t  concerning
sys tem cha rac t e r i s t i c s .  Human fac tors  guidance and ass is tance  is be ing  provided th roug hout
t he e n t i r e developm en t program incl u di ng Service  Test .  A broad sys tems  approach is be ing
used in o rder  to develop an optimal sy s t em with c a p a b i l i t i e s  that  go beyond s imp l y r an ce  f i n d i n g .

5. Main Ba t t l e  Tank Eugene J. McGui g , m n  June  1960 C o n t i n u i ng

The purpose  of the p ro jec t  is to provide human eng in e e r i ng  s e r v i c e s  for f i r e  cont rol lor
the Main  Bat t le  Tank.  The work of the Human Factors  Eng i neer ing  Branch is p r i m a r i l y  con-
c erned with coord ina t ing  th e e f fo r t s  of Franklord Arsenal  wi th  other agencies i n v o l v e d  in t h e
p r o g r a m .  P r e s e n t l y under  invest i gat ion are  visual  p roblems re la t ing to n i gh t  v i s ion  and wide-
ang le vis ion  dev ices .

6. A r t i l l e ry  Fuzes  Eu gene J. McGu i gan  1962 C o n t i n u i n g

The purpose  of the program is to provide human  fac to r s  eng i nee r ing  c o n s u l tat i o n  and
s e r v i c e s  for  the f u z e  desig n e r .  G e n e r a l  concepts  such  as s a f e ty ,  ease  and ac c u racy  of l uz e
sett ing , as wel t  as specif ic  problems are being invest igated.
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Date Es t imated
Task E x p e r i m e n t e r ( s )  Started Comp letion

7. Target  Acquis i t ion Roger F. Kel l y 1963 Sep 1963
Subsys tem

This project  concerns the human factors aspect of a feasibil i ty study of a g round- to -g round
miss i l e  for which t a rge t  detection and terminal  guidance would be accompl ished by means of a
pi c t u r e  relayed back f rom a TV camera carr ied  by the missi le .  A l i t e r a tu re  search is being
made for data on the human capability to find and recognize stationary or moving target s of
var ious  sizes and shapes against backgrounds of various degrees  o fcon t r a st  containing various
quanti t ies of i r re levant o bjects . The effect  of rnovementof  the miss i le  in all of the six possibl e

• degrees of f reedom on the operator ’s disp lay will be studied in relat ion to his abi l i ty  to per-
fo rm targ et detection and miss i le  guidance. This will  p r obabl y require laboratory s imulat ion
of the miss i le  fli g ht and the operator ’s display.

8. General  Sheridan Vehicle  Roger  F . Kelly 1962 Continuing

The human eng ineering on this vehicle at Frankford Arsenal involves the optical instru-
ments by which t a rge t s  are  detected and the controls with which weapons are aimed at the
ta rgets .

One problem of concern at the moment is the provision of a headrest which will prevent
the telescope eyep iece f rom striking the operator ’s eye when weapon f i r ing recoil occurs  and
also minimize  the shock t ransmit ted  to the head. Accelerometer  reading s and slow-motion
f i lms are being studied to determine what the shock forces  and disp lacements are , and the
energy -absorbing and force-attenuating cha racteris t ics  of several materials  are being deter-
mined.

9. Sheridan Tank Gunner ’s Thomas Guy Jadico 1963 Sep 1963
Control  Handle Evaluation

The purpose  of this pro jec t  is to evaluate two control handles for the Sheridan Tank . To
accomplish this Frankford  Arsenal’ s e lectronic  tank t racking simulator is being used. How-
eve r , the s imulator  mus t  be modified to meet the  dynamic characteris t ics  of the Sheridan
Tank t u r r e t .

Pica t inny  Arsenal,  Dover, New Jersey

1. EOD Forecast  Stud y P . S. St rauss  Nov 1961 Dec 1963
G. R. DeTogni
M. H . Weasner
J, Kos t akis

The purpose of this study is to forecast the requirement s for Exp losive Ordnance Dis-
posal (EOD) services  during the 1965- 1970 period and to recommend optimal organization
equi pment and training s t r u c t u r e s  to meet them.

2. Warhead Section M. H. Weasner Jul y 1961 Continuing
Nike X Miss i le  System J. Kostakis

This project provides Human Factors support for the desi gn and development of Nike X
warhead sections , test  and handling equipment , and operational and procedural manuals.

3. Warhead  Section G. R. DeTogni Jul y 1962 Continuing
LANCE Missi le  System

This project  provides Human Factors support  for the design and development of LANCE
warhead sections , test and handling equipment , and operational and procedural manuals.

4. Atomic Project i le  Development J. Kostakis Jul y 1960 Continuing

This project  provides Human Factors support for the continued design and development
of atomic project i les  of var ious  cal ibers .  Special emphasis is pro vided on the problems of
handling under diverse  environmental  condi t ions .
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Dat e Est imated
Task Exper imenter (s )  Started Completion

5. Atomic Demolit ion G. R. DeTogni Jul y 1960 Cont inuing
Device Development

This project  provides Human Factors support for the continued desi gn and development of
portable atomic demolition devices.  Special emphasis i s placed upon portabil i ty requi rements ,
s impl ic i t y of operation and tactical employment procedures .

6. Advanced Portabilit y J.  Carlock Jul y 1962 Continuing
Techniques

This project  serves to evaluate present  and p r o j e c t e d c a r r ying devices and techniques for
Picatinny developed weapon sys tems .  Evaluations have been conducted on novel commercial
devices as well  as s tandard mi l i ta ry  gear .  An attempt is being made to supp lement existing
load-ca r rying l i t e ra ture  with dat a on very  heavy (over 100 Ib s )  loads.

7. Land Mine Development .1. Carlock Jan 1960 Cont inuing
M. H. W e a s n e r

This project provides  Human Factors support for the desi gn and development of standard
and uni que land mine (type ) systems. Field studies have been conducted and are planned on
detectabi l i ty ,  camouflag e techniques and emplac ement methods.

8. Novel Munit ions Development P. 5. Strauss Jul y 1961 Continuing
M. H. Weasner

This project  provides Human Factors evaluation and support for  the feasibil i ty study and /o r
design of novel weapon sys tems or munitions . Also under stud y is the modification of existing
munitions to serve  new purposes ( e .g . ,  counter  insurgency  operations).  Additionally ,  state-
of - the-ar t  survey s are  maintained on advanced psycholog ical fields which pertain or may be
ut i l i zed  by the Arsenal (e .g . ,  automated ins t ruct ion , Bionics , material handling , etc . ).

9. Consultation Services P. S. Strauss Jul y 1961 Cont inuing
M. H. Weasner
G. R. DeTogni
J. Kostakis
J. Carlock

This project provides Arsenal  personnel with rapid-response  human fac to r s  support  for
sho r t - t e rm problems in many areas of human eng ineering and psychology.

10. Eng ineer Orientation P. S. Strauss Jul y 1962 Continuing
Ser vices M. H. Weasner

G. R . DeTogni
J .  Kostakis
3. Carlock

The objective of this project is to provide a comprehensive or ientat ion to Human Factors
for Arsenal eng ineers .  Briefing s are provided for new personnel and basic hand-book types
data is d is t r ibuted.  Studies are  planned to evaluate  the use fu lness  and prac t ica l i ty  of dis-
tr ibuting standard human eng ineering handbook data and specially prepared  handbooks in
specif ic weapon design areas .
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2B. U.S. ARMY MATERIE L COMMAND
NATICK LABORATORIES

“~ati ( ’ k. Mas ’~aeh,i.’pit ..

A. C UR R E N T  WORK PROGRAM

I . Engineer ing  Psychology

Date EstimatedTask Expe r imen te r ( s )  St a r t -d Comp letion
a. R e s e a r c h  on e f fec t s  of J. Kobrick Jan 61 Continuingenvironmenta l  and (-qui p- B . Cris t

ment  v a r ia b l e s  on v i s ua l
and auditory percept ion

Informat ion  on how envi ronmenta l  and associated equi pment var iab les  a f fec t  visual andaud i to ry  percept ion is essn -nt i a l  in providing guidance to Army design e r s  of equ ipment for  alltypes  of p ro t ec t ion f or the f ace , hea d, ears , for  camouflage or concealment , fo r  p ro tect ionf rom toxj ( a n d/ o r  ex t reme environments , and for communicat ions  and survei l lance .
b . Ee~~earch on effects  of E . Young ling Jan 63 Cont inuingenvi ronmenta l  and equi p-

m , -n t  va r iab le s  on the
skim s enses  and k i n e s t h e s i s

Personal  protect ion sys tems which use impermeable  mate r ia l s  have pronounced  e f f - c t son warm and cold sensations , touch , v ib ra tory  sensat ions  and sensa t ions  of skin i r r i ta t ion .Moreover , the musc le  senses  are  affected by heavy and cumbersome equi pment , and cont actwith cold and hot metals and plastics a f fec t s  the skin senses , Thus , information obtained f romthis resea- ch should provide guidance for  desi gners of CBR and climatic protect ive equi pmentand of Army weapons  and ma te r i e l .

c. R e s e a rc h  on e f f ec t s  of 3. Lockhart Jan 63 Cont inuingenvi r o n mn - nt a l  and equi p-
men t v a r i a b l e s  on watchkeep ing,
at tent ion , a l e r t n e s s  and time
pe rception

The modern  soldier must  operate comp lex equi pment in all t ype s of extreme envi ronmentswear ing many d i f fe ren t  types of protective gear.  Moreover , he mus t  be a le r t  to the s tatus ofhis situation and his equi pment under all kinds of envi ronmenta l  conditions and s t r es s e s  dueto mi l i ta ry  operations.  The purpose  of this research  is to provide quantitative information ont he eff ects of env i ro nm ent , protect ive equi pment , du ties and opera t ion al equi pment and com-binations thereof  on cr i t ica l  types  of soldier pe r fo rmance .

d. Effects  of envi ronmenta l  B . Dusek Jan 60 Contir~uin gand equi pment var iables  J.  Tambe
on psycholog ical an d
psychomotor  f ac to r s

The modern soldier must  be capable of executing innumerable  r e s p o n s - n n  in a var ie ty  oienvi ronments  us ing many types  of p ro tec t ive  equi pment , weapons , and mach ines,  This re-search  will d ( - t ermine  the e f f ec t s  of envi ronmenta l  and associated equi pment var iables  am-var ious  psycholog ical (motivation , problem solving,  r emember ing ,  e t c . )  and spychomotom(manual dexter ity ,  react ion time , t racking,  etc.) f ac to rs .

e. Resea rch  on envi ronmenta l  B. Crist  Jan 63 Continuingand -quipznent var iables  J. Kobrick
affect ing maintenance

Army operators in extreme limate s  hav e v e r y  diff icult  problems in maintaining equ ip-ment .  This r e sea rch  will  invest i gate e f f e c t s  of envi ronment , protect ive clothing, equipment
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Date Est imated
Task Expe r imen te r ( s )  Started Comp letion

amid she l te r  v ar iables  (s ize  of knob s , sequent ia l  v er s u s  parallel  us ’-  of p e r s o n ne l , et c . )  on

ef f i c i en c y  of ma in tenance  for s imulated t y p e s  of Army equi pment.

f .  Human e n g i n e- r i n g  hand-  J. McGinnis Jun 62 Continuing
books on the man and
envi ro nment , cons i der i n g
weapons  s y s t e ms  and bod y
me as u r n  - men t 5

A s e v e n - sn - c t i o n  handbook is in p repara t ion  on arctic conditions and cold weather  clothing

and imp licatio ns for  t he  desi gn of Army field equipment .

g. Human f a c t o r s  guidance 3. Chaffin Jan 57 Continuing
a s s i s t a n c e, consul ta t ion
and r e s e ar c h  in support
of item development  pro-
grams

The Eng inee r ing  Psy cholo gy Laboratories staff members  provide human fac tors  guidance
as needed on a continuing basis in support  of allmis sian-related development programs at the
U. S. Army Natick Laboratories and other AMC insta l la t ions .

h.  Human eng in eer i n g  corn- J . Tambe Jan 57 Cont inu ing

patib ili ty  s tudies  J. McGinnis
Dunlap & Assoc
(Contrac t )

The Eng ineer in g Psychology Laboratories study compatibility of the soldier wear ing pro-
t ec t i ve  envi ronmenta l  clothing and equ ipment with Army weapons and machines , includin g cold
tes ts  of men operating vehicles and missile sys tems (SERGEANT , PERSHING , etc.) at Eglin

Air Force Base , Florida , st udies of int erac t ions  of helmets , in tegrated communications gear
and CBR masks , studies of e f fec ts  of operations in the t ropics on the soldier and his equi p-
ment , and studies of the ef fec ts  of pe r s on a l protective gear  on pilot pe r fo rmance .

i. Studies of techni ques of E. Arees  Jan 63 Continuing
psychop h y sical scalin g,
d n - s i gn of exper iments , and
of tec hni ques of data collec-
t ion in r e s e a r c h  st udies an d
evaluations

In stud y ing atti tudes toward and acceptabil i ty of Army food , clothing , and equi pment , it is

essent ial that r esea r ch con t inu e on ne w t echni ques and methodology to increase  the precision
and re l iabi l i ty  of measurements  obtained in r e search  studies and evaluations.  The resul ts  of
such r e s e a r c h  have f a r - r e a c hi n g  imp lications for  Army human fac tors  e f fo r t s .

2. Anthropology

a. Studies of bod y m e a s u r e -  R .  White Jan 60 Continuing
ments a f fec t ing  the desi gn B. Burse
of Army equi pment , machines
and clothing

Data a re  collected , an al yzed , and published on anthropometr ic  measurements  for  military
populations f rom the U. S. A.,  Nor th  American continOnt , Europe , and Asia. These measure-
men t s  of the s ta t ionary body hel p to establish desi gn , s izing and workspace cr i ter ia  for  Army
wea pons , vehic les , a i rc ra f t , clothing and personal equi pment , communications gear , et c . ,
space ~t iid layout for  the opera tor , t a r i f f s  for  clothing, sea t desi gn and comfort , size of en-
t r a n c e  and exit doors and hatches , helmet fo rm and desi gn. In addition , the laborator ies  collect ,
analyze  and publish data on anthropornetr ic  measurements  of the bod y in motion , in unusual
positions , or clothed , as required  in special Army desi gn problems.
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Date Estimated
Task E x p er i m en tn - r ( s )  Started Comp letion

b. Studies of bod y mechan ic s  B. White  Jan 61 Continuing
and environmental  f ac to r s  B . Burse
which  a f fe c t  desi gn of 3. Baker
Army equi pment

In order  that th e  so ld in - r  may ef f ic ient l y operate his  equi pment , exer t  fo rce , ca r ry  loads ,
et C  - ,  it is e s s e ntial  that his ph ysical  c h a r a c t e r i s t i c s  he adequatel y considered b y A r m y  de-
si g n e r s . The purpose  of this  work is to de termine  the extent  and f lexibi l i ty  of bod y move-
ments  in var ious  spatial d imensions , mechanical and envirom-imental fac tors  a f fec t ing  muscu la r
s t i~eni ’ t l i , ba lance , endurance  and se-nsat ions of fati gue.

c. Studies of th~ n - f f e c t s  of B. White Jan 61 Cont inuing
n - n i v i ronmental  m e a s u r e -  B. Bur se
m n - n t s  and equi pment  B. Crist
~~c r i ah l , - s  on desi gn of
Army personal  equi pment
and machines

A r m y  equi pment and machines mus t  he desi gned fo r  e f f ic ien t  workspace , v i s ib i l i ty ,  stow-
age , s n - ~i t 1nig ,  working sur faces , and cont rol and disp lay  designs and layouts .  These studies
will  oh t a in  data to hel p the Army d e s ig n e r  to cons ider  adequatel y t hese  fac to r s f or equi pment
u s ed  u n der  a wide va r i e ty  of env i ronmen ta l  condi t ions.

3. ~t t t i t u d , - , P re fe rence  and Acceptance  Psychology

a. I n d u c n r g  favorable a t t i tudes  J. Kamen Jan 63 Dec 63
t ow a r d  no vel  dietaries

In v e s t i g at i o n  of e f f ec t iveness  of a mass communication and t h r e e  methods of stimulating
ac tive aud ien e  involvement  on soldiers ’ a t t i tudes  toward , an d wi l l ingm -ss  to subs is t  on , die-
ta r ies  con s i s t i ng  of i n s e ct s , r ep t i les , and fo re i gn ra t ions .

1). E f f e c t s  i f  m i l i t a ry  o p e r a t i o n s  Rowland and Co . Sep 62 May 64
in t he  t r op i c s  on sold iers n
atti t u d e s

Inves t iga t ion  of t h e  e f f e c t  of the  i n t e r a c t ion  be t ween  soldiers ’ attitudes and envi ronmenta l
fac to r s  in t r op ic sit i it ions  upon the acceptabili ty of foods , c l o th ing ,  and ite m s of personal
equi pm e n t .

c . In t roducing m w  rations for  3. McCoy Dec 62 Sep 63
f ie ld  use

I- -x p n - r i m en t a l s tudy on the relative e f f e c t i ven e s s  of an i n d o c t r i na t i o n  talk and t as te-
previews , and t h e i r  sequence , in enhanc ing  r e c e p t i v i t y to  a new d ie t a ry  and in p r even t ion  of
at t i tude dn - t e r i o r a t i o m - i .

d . Sen so r y  eva lua t ion  f o r  I) . Pe - r yam  Jan 57 Cont inu ing
qu a l i t y  cont rol of produc t s

De v e l o p m e n t  and improverr - e t  of m e t h i u d s  of r m -a s ur e n i en t  and establi shrn c•nt of s t anda rds
of p a latab i l i ty and f l a v o r  for prrn u r n - m e n t  of foods , with  i n c re a s i n g  emp hasis  upon newl y de-
y e  lop -cl an d u n u s u a l  foods .

e , Nat ional  s u r v e y of soldier . ‘ J. Kamen Sn-p  62 Jan 64
food p r e fn r -nces

A su rvey  of about 20 ,000 s o l d i e r s ’ a t t i tudes  toward 280 foods has been conducted. Most
of t i m - s n -  foods have r n - c e n t l y been P t r n a l u ed into th~ Mas t e r Menu or have been proposed for
inc lusion . P r e f e r e nc es  a r e  be ing  • n. n l y z e d in re la t ion to each of 13 background fac tors  such
as age , education , l’ ngth  of s e r v i ce , g r a d e .
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Date Estimated
Task Expe r imen te r ( s )  Started Completion

f . Maximizing re l i ab i l i ty  of J. Kamen Jan 63 Dec 63
sen so ry ev a luation tes t s

Experimental  stud y of pe rsonal  f a c t o r s  related to p r e f e r ence  discr iminat ion among alter-
nat ive samp les of cer ta in  food types . De terminat ion of stable persona l i ty  fac tors  a f fec t ing
pn r formance  in taste t e s t s .

g. Food habits and dietary Human Relat ions  Jul 62 Sep 64
pat terns  of major  ethnic Area file s
groups  (Contract )

W orldwide su rve~~, ut i l izing p r imary  and secondary sources  of information , of c u r r e n t
and projected food habits and d ie ta ry  pat terns  among severa l  hundred ethnic groups in South
and Centra l  America , Southeast Asia , Afr ica , Oceania.

h. Magnitude est imation of J . Kamen Jan 63 Oct 63
food pr e f e r e n ces 

-

Stud y psychomet r ic  charac te r i s t ic s  of the  method of magni tude estimation as app lied to
measu rement of food p r e f e r e n c e s :  compare its e f f i c iency  to standard techniques .
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2B. U.S. ARMY MATERIEL COMMAND
NAVAL TRAINING DEVICE CENTER

Port Washington, N~ew York

A. CURRENT WORK PROGRAM

1. Minia tur iza t ion  of the Batt lef ield (Proj .  Nos . 1902 -1 and 1902- 2)

Date Es t imated
Ta sk Ex pe r i m ente r ( s )  St a r t e d  Com pletion

a, St ud y of T r a i n i ng  Dev . Dr.  M. S. Katz Nov 62 Sep 63
(U. .~.)  19 02 - 1

An evaluat ion of the potent ial  u se fu lness  in A r m y  training of such Navy,  Mar ine  and Air
Force t r a i n e r s  as the ASW tact ica l  t r a i ne r , the Polaris team t r a ine r s  and Naval ant i -a i r  war-
f are  tact ical  t r a ine r s .  An inven tory  or assessment  of such t ra ining equi pment s to indi cate
those env i ro nments  and t r a ine r s  which , wi th  some modif icat ion of use , pa t te rns  andequi pments
would prove use fu l in the conduct of A r my  tact ica l  t r a i n i ng .

b . Stud y of Tra in ing  Dev . Dr. K. F. Thomson Jun 63 Nov 63
(Fo rei gn)  1902 -2  C. W. Houff

A su rvey  of the t r a i n i ng  techn i ques and devices  used by Euro pean co u n t r i e s  wh ich  m ay
prove useful  in making  more  e f fec t ive  use of available real estate. Since the European nat ions
have opera ted  under special real es ta te  l imi ta t ions  for many years n t h e i r  solu t ions  of these
l imi tat ions  would be of d i rec t  and per t inent  i n t e r e s t  to the U. S. Army.

2. Stud y, Training E qui pment for Tactical Decision (Proj.  No, 1902-3)

a. (Same as 2 ) ,  1902-3 Dr. J. J. Regan Feb 63 Feb 64

Throug h sys temat ic  ident i f icat ion of behaviors of battle commanders , establish function al
cha rac te r i s t i c s  of battle simu1a~e , rs which will develop the important  skills of such personnel .
These skil ls  would seem to be important l y related to decision making. There are some data ,
developed in recent  years , which would indicate the prac t ice  of this sort  of behavior in selected
ways which  will , indeed , enhance pe r fo rmance .  This  st u dy proposed to exploit these dhta and
throu gh more prec ise  iden t i f i ca t ion  of such skills develop the re qu i rements  for e f fec t ive  train-
ing equ ipment . Finally, particular attention will be paid to scoring and assessment  of t raining.
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2B. U.S. ARMY MATERIEL COMMAND
WEAPON COMMAND

Hoc k Isl an d A r s e n a l , Hock l’el an d , i l l im , is

Sp r i ng f ie ld  A r m o r y ,  Sp r i n g f ie ld,  M a s s a c h u s e t t s

The A r m o r y  ha s  no pe r sonne l  w o r k i n g  full  t ime  in the human  fac to r s  field. Huma n engm-
m i c e r i ng is an ass i gn ed fu nc t ion  of the  m a in t enan ce eng in e e r i n g  se c t ion  of the A r m o r y .  This
g r o e m p  cons is t s  of four  ma in tenance  eng ineers  who revie w and m o n i t o r  new deve lopment  i t ems
for m a i n t a i n a b i l i ty and h u man f a c t o r s  com pat ib il i t y in addi t ion  to o the r  d u t i e s .

Rock Isla nd Arsena l ,  Rock Island,  Ill inois

A. CURRENT WORK PROGRAM

Date E s t i m a t e d
Task  E x p e r i m e n t e r ( s )  S ta r ted  Compl e t i o n

1. Howi t ze r  105mm Towed ,
XM 1O2

The A r s e n al has  no perso nne l work ing full t ime in the human fac to r s  f ield .  Personnel  are
a s s i gned e i the r  as a commi t t ee  or as an individual to m on i t or , s t r es s  and en fo rce  the i m p le-
men ta t i on  of sound human p rac t i ces  in the desi gn of mate r ie l .

W a t e r vl iet  A r s e n a l,  W a t e r v l i e t,  New York

A. C U R R E N T  WORK PROGRAM

1. Wea pon s Conce pts:

a. F u t u r e  M o r t a r s  J. D. W a ug h Oct 62 Continu ing

A stud y to dete r mine the r ap idit y with which the gunner  can r e - l ay  mor t a r  concepts , has
been formula ted .  Evaluat ion of m o r t a r  f i r e  control  confi gura t ions  and layout , in addi t ion to
po r t ab i li ty  cons ide ra t ions, is con t inu ing .

b. Pivot Chambe r H o w i t z e r  Oct 62 Con t inu ing

Du r i n g  FY 63 , a complete redes i gn of the 105mm ha rdware  dictated r e - eva lua t i on  of com-
pone n ts in the draw ing phase . Work  on l a rge r  caliber devices of th i s  type has been planned ,
and will  be i n i t i a t e d  by a loading s tudy with model componen t s .

c. Recoi l less  Ri f l es  May 63 Cont i n u in g

H u m a n  f a c t o r s  work  inc ludes  eva lua t ion  o f w ei ght s a v i n g  des i gns , p o r t a bi l i ty  and a c c es s or y
c a r r y ing e q u i p m e n t .  E v a l u a t i o n  of the impu l se  noise  level  i n c u r r e d  w h e n  f i r i ng  a s u b ca l m he r
t r a i n i n g  d e v i c e s  for  the 90mm M(~7 Ri fle , has been accom pl i shed .

d. L. P. Gun Jan 63 C o nt i n u i n g

A p l a n  for  deve lo pn- ent  of such a gun has t i e - en  laid down , inc luding  human  f a c t o r s  con-
s i el era t io ns. P re l imina ry  desi gn work  is being accomplish c-d.

2. Wu a p u r m s Development :

a. XM ~~5 Mor ta r  Oct 62 Cont inu ing

D u r i n g  FY 63 , det ailed m o n i t o r i n g  of the  d e s i gn p rogres s  of th i s  weapon has b e e n  pe r-
fo rmed  in a reas  of f i r e  cont ro l  c o n fi g u r a ti o n s , l ayou t , control  fo r ce - s  involved , and a c c e s s o r y
equ i pment .  Wo rk included a s tud y to de t er m ine t w is t  g r i p torque capab i l i t i e s  for  var ious  kn e i r l s
wi th  b a r e , g loved , and m i t t en e d  h a n d s .
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Date E s t i m a t e d
Task E x p er i men t e  r ( s )  S t a r t ed  Compl e t i o n

b. X M 1 0 2  H o w i t z e r May  6 3 Oct (,3

A s tud y was p er fo rmed to d et e r m i n e  the capabili ty of the gunne r  to o p e r a t e  - he m a n u a l

b r e e c h  m ec h a ni s m  at hi gh r a t e - s  of f i r e .  W o r k  to op t imize  the f o r e - s involved  is c o n t i nu in g .

c. X M 8 1  G u n -  L a un c h e r  Oct 62 C o n t i n u i n g

D e i r i ng FY ( 3 , des i gn changes  were  moni to red  with r e spec t  to maneial o p e r a t i o n  and main-
tenance .  A t n - s t  f ~- a se  of m a n u a l  opera tion  and assembly was conducted at -65 F . ambien t
t empe  r a t u re , w i th  s a t i s f a c t o r y  resu l t s .

ci. Rap id F i r e  Weapons Sys tem Oct 62 C o n t i n ui n g

Mo ni to r ing  of c o nt r a c t o r s work in Phase One Feas ib il i ty  Stu d ies , with res pect to th e -
h u m a n  f a c t o r s  cont rac t  c lause , was  accompl i shed  t h r o u g hout  the per iod .  Eva lua t i on  of sub-

m i t t e d  des i gns and models  at the end of the period is now being p e r f o rmed.
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2B. U.S. ARMY MATERIEL COMMAND
BIBLIOGRAPH Y OF PUBLICAT ION~ SINCE
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2C. U.S. ARMY MEDICAL SERVICE
U.S. ARMY M EDI CAL RESEARCH AND

DEVELOPMENT COMMAND
OFFICE OF THE SURGEO N GEN ERAL

Washington . I).C. 20310

A. CURRENT WORK PROGRAM

1. Mil i tary Psychophy siol og ical Studies
(Project  No. 3A012001A800)

Task 01 - Vision and I- reception in Relation to Per formance

- Date Estimated
Task Expe r imen te r ( s )  Started Completion

a. Studies of Stereoscop ic George S. Harke r March 56 Continuing
Vision U.S. AMRL

Fort Knox , Kentuck y

A combination opt ical-electronic  device has been constructed for g enerating the Pu i fr i ch
effect  stereoscopical ly. This apparatus makes possible direct control of the intensity of li ght
in each eye as well as the con t ras t  ratio of i l luminat ion of the pendulum bob to its back ground.

Three pilot studies have been per formed with’ this apparatus in order  to ref ine it and to
determine the rang e of absolute li g ht intensi t ies  and contrast  ratios significant in the produc-
tion of the Pulfr ich effect .  Two fu r the r  pre l iminary  investigations have been performed to
investigate the effect of in te rocular  absolute intensity differences , contrast  ratio di f ferences ,
and simultaneous contrast  on the Pulf r ich  effect.  Results  suggest  that absolute intensity dif-
ferenc es are more  important than contrast  d i f fe rences .  However , the results also sugg est that
the effect  can be induced by simultaneous contrast  differences between the eyes. A subsequent
s tudy concerned the effect of in te rocula r  sens i t iv i ty  differences on the Pulfr ich effect.

Ins t rumenta t ion  has been comp leted for the purpose  of investigating the classic assumption
that onl y impulses a r r iv ing  s imul taneous ly at the cortex f rom the two eyes fuse  to produce
stereopsis .  Essentially ,  this apparatus involves the coupling of a Roush flash generator with
a s tereoptometer .  It is now possibl .~ to delay the a r r iva l  at the cortex of impulses f rom a glow
modular tube f rom one eye with respect  to the other by from 1 to 300 (p l u s )  milliseconds.
Pre l iminary  data suggest  that s imultaneousl y a r r iv ing  impulses at the cortex may not be a
necessary condition for s tereopsis .  The apparatus  is so designed that in addition to interocular
delay s , the effect  on stereopsis  of pu lse  intensity,  duration and repetition rat e can be investi-
gated .

A study on the effect of base mag rufication on perceived absolute size and distance; a stud y
on the interaction of voluntary and rotational nystagmus;  as well as a bibliography on voluntary
nystagmus have been comp leted.

b. Studies in Perceived George S. Harker  1 Jan 59 Continuing
Radial Slope U.S. AMRL

Fort Knox , Kentucky

Cyclorotation measures in response to a sing le-line st imulus have been studied by four
techni ques o fmeas  urernent to permit comparison of the methods ofmeasurement .  Sop histicated
and naive observers  were  used to permit , in addition , an evaluation of the experience variable.

Task 02 - Audition and Sound in Relation to Perfo r~ -ianc e

a. Effects of Noise on John L. Fletcher Aug 54 Continuing
Performance and Michel Loeb
Hearing U.S. AMRL

Fort Knox , Kentuck y
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Dat e Est imated
Task  E x p e r i m e n t e r ( s )  Star ted Compl e t i o n

Au inves t i ga t io n of the rel iabil i ty of t e m p o r a r y  th resho ld  shift  and con t r a l a t e r a l  th resho ld
shu t indu ced by loud mona u ral  st imulation was comp leted. The re l iab i l i t i es  fo r  contra la tera l
th reshold  shi f t s  obtained ranged f rom very  low to moderate , and the re l iab i l i t i es  for t e m p o rar y
t h r e s h o l d  shif t s r ang ed f r om mod er ate to moderate ly h i gh. Magn i tudes  were  such as to ex-
p lain  the l i c k  of si gni f icant r elationship between different  indices of aco- i s t i c  r e f l ex  ac t ion
( e . g . ,  r educ t ion  in each t ype of shi ft ) p r e v i o u sly observed. In another inves t i ga t ion  p e r for med
j o i n t l y \ ¼ i t h  the U.S.N. Air Mater ie l  Center  Air C r e w  Equi pment Labora tory , the re was ar
a t t e m p t  to det ermine relat ionshi ps between psychophysical  and manomn et r ic m e asu r e s  of
acous t ic  r e f l e x  ac t ion . The expec te d re la t ionsh ips were  not found , thoug h some unexpec tad
re l a t i onsh i ps seemed to be presen t  in the data.

Data  hav e been reviewed which sugges t  that the methodof  temporary  th resho ld  shift  reduc-
t i on  may be super io r  to the f ree  field th reshold  shift  method for the evaluation of ear p ro t ec t ive
de v ie  e a .

The protot ype of an acoustic r e f l ex  protect ion device for reducing the noxious effect  of
h i g h  am pl i tude  impulse noise upon the hear ing of tank c rews  and others exposed to such acou stic
t r au m a h a s  been fo rwarded  to the Combat Development Command for evaluation and considera-
t ion of implementat ion as s tandard equi pment with impulse noise generating weapon sys tems .
Wo rk is continuing on the use of s imilar  equipment for  reduction of the patholog ical e f f ec t  o f
hi g h amp li tude continuous noise.

b. Measu remen t  of Noises K . D . K r y t e r  Jul 58 Jan 64
of U .S. Army Weapons Bolt Beranek and

Newman , Inc .
Cambridge , Mass.

Ins t rumenta t ion  has been completed to simulat e the impulse  noises of certain U. S. Army
weapons. Subjects were  exposed to pulses at a repetition rate of 1 , 5 , 10 , 20 , 40 , and 80 per
second for  dura t ions  vary ing f rom 5 to 80 seconds . Rise t ime of the pulses was 0.5 milli-
second;  du r at ion 1 mi l l i second , with a peak sound p r e s s u r e  level of 168 db re 0.0002 microbar .
The t emporary  threshold shift s obtained were  hi ghly variable from one su ’bject  to another
(5 S’ s ) ;  the maximum loss was around 5000 cps; the most severe losses were caused by pu lse
r epet i t ion rat es of 1 pulse per second and the least at 5 and 10 pulses per second; the longer
the exposure , the greater  was the te~nporary  threshold shift . This stud y is being conduct ed
under Contract  No. DA-49-007-MD-985.

c. N eural Mechanisms for W. D , Neff Jan 62 Dec 63
Responses of Middle Ear Bolt Beranek and
Muscles  Newman , Inc .

Cambridge , Mass.

This study was recentl y renewed. No reports are yet available. The stud y is being con-
ducted under  Contract  No. DA-49- 193-MD-2230 .  The information to be gathered will serve
in  maki ng d i f fe ren t i a l  diag noses in hearing d isorders ;  in surg ical procedures  of the ear and
in the u t i l i z a t ion of the “ acou st ic re f lex ” for  protection of hearing .

Task 03 - Improvement of Control  and Coordination in Per formance

a. Studies in Biomechanic s Lee S. CaIdwell  Jul 56 Cont inuing
and Fati gue  U .S. AMRL

Fort  Knox , K entuck y

Wo r k on th e ef fe cts of body s tabi l izat ion on the streng th of manual control  forces  has
shown that the shoulder  stabil ization afforded by the b a c k r e s t  may v a r y  the st r eng th  of arm
ext ensio n by as much as 5%, and that the footrest  position may vary the s t rength  of a m
flexion as much as 25% . W o r k  is continuing on the stud y of the load-endurance relat ionship
with special emphasis upon the relat ionship between body measurements  and both st rength  and
endurance.  A pre l iminary  anal ysis of the dat a reveals  that s t r eng th  and endurance  are unrelated
when the load is proport ional  to the subjec ts ’ s t rength .  Also , the load-endurance re la t ionship
is apparentl y unchanged by variat ion in the mechanical advantage of the anatomical lever  sys-
tems.  Static and dynamic work tasks with hi g h measurement rel iabi l i ty have been developed for
the stud y of factors  inf luencing physical  fati gue and recovery.  These techni ques have been used
in studies on the effects of pharmacological agents on human performance and fati gu e.
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l) , t e  Es t ima ted
Task E x p e r i m e n t e r( s )  S tar t e d  C omp l e t i o n

b. Studies in D r i v i n g— S k i l l  Marvi n J. H e r b e r t  J u l  56 Con t in u ing
I.’ati gu e  U. S. A M R L

Fort Kiiox , K e n t u c k y

A b at t e r y  of veh i c l e  d r iv ing  per formance  m e a s ur a s  has been desi gned and eva lua ted .  ‘l es t -
r e t e st  r e l i a b i l i t y  of selected measures  obtained f rom the nine tes t s  in the  ba t te ry  rang e f r o m
. 47 to .78 . Es t ima te s  of validi t y were  made by co rr e l a t i ng  ‘ p o s t - ta s k ” t ea t  res u l t s  w i t h  hours
of f a t i gue d r iv ing  p r i o r  to the tes t ;  Pearson produc t -moment  c o r r e l a t i o n s  f rom .18  to .38 were
obtai ned. Te~ t pe r fo rmances  on 524 subjects  f rom three  s tudies  are being anal yzed by the
cent  roid method to identif y basic skil l  fac tors .  In one of the t h r e e  studies , s co res  f ro m a
number  of p sychomoto r  t e s t s , a small driving s imulato r , and two p e r s o n a l i t y  in v ento r ies w e r e
inc luded  as re fe rence tests  to aid in factor ident i f icat ion.  P r e l i m i n a r y  t ab le s  of ro t at ion  in-
d icate  the presence of two motor and two perceptual  factors , a s t r ength factor  and a pe r sona l i ty
fac to r .

Task  0 5 - Special Sensory Functions in Relat ion to Per foi -mance

a. Studies of Thermal  W. W.  Dawson Jan 62 Jun  63
Exper ience  U .S. AMRL

Fort  Knox , K entuck y

T o inves t igat e the t empera tu re  sensing capacity of the t r i g eminal nerve  ending s in the
hu man cornea and cer ta in  facial areas , st imulation equi pment for radiant warming of the cornea
is being assembled  and tested. The pilot stud y which will descr ibe  thresholds for radiant
corneal  damage is well underway.  Ear l y data indicate the “permanent damage” (opacity )
threshold  at an energy  between 250 and 300 calories total input per square centimeter.  The
use of l a s e r s  for control led radi ant warming has been considered.  Present ly available uni ts
are  ei ther def ic ient  in output energy or too er ra t ic  for controlled use. P re l iminary  data in-
dicate that th e t h r e s h o l d  for “permanent damage” of the cat cornea is considerably hi gher than
ant ic ipated f rom the available l i t e ra ture .

b. Ps ycholog ical inf luences  R . Russe l l  Sep 59 Aug 64
on Gas t ro in tes t ina l  Activity Indiana Univ.

This stu dy is concerned with a systematic search for psychological and pharmacolog ical
facto r s which may cont ro l gas t ro - in tes t ina l  movements .  The electrophysiolog ical charac-
te r i s t ics  of gas t ro- in tes t ina l  motility are being studied as are those environmental  conditions ,
bodil y states or drugs  which generate changes in gastro- intes t inal  activity.  This stud y is
being conducted under Contract  No. DA-49-193-MD-2063 .

Task 06 - Integrat~on of Complex Functions in Performance

a. Studies in Learning I. Behar Aug 57 Continuing
3. N. Cronholm
T. C. Cadwallader
U .S. AMRL
Fort Knox , Kentuck y

It has been demonst ra ted  that the formation of learning sets in sooty mangabeys (Cerocel-us
ful i~~i no su s )  p r o gr e s s e s  at the sam e rate as for rhesus  monkeys and disp lay similar character-
i s t i cS .  An anal ys i s  of the di f ferent ia l  effects  of reward and nonreward on the acquisition of
the d i s c r imina t i on  learning set indicated that the approach response to the positive cues is
learned as a monotonic funct ion of pract ice , while this is not t rue  for the avoidance response
to the nega t ive  cues.  Studies of form perception , one with rhesus  and t~ie other with mangabey
monkeys , are in process of anal ys i s .  Basically,  an attempt was made ’~ determine the physical
s t i m u l u s  cha rac te r i s t i c s  that inf luence  pat tern discr iminabili ty .  The desi gn and construct ion
of apparatus has been under taken  for a comparative stud y of visual acuity.

In another stud y,  our electronic gate has been developed which permits the precise timing
of the dura t ion  of e lec t r ic  shock received by an animal , making possible an objective and ac-
cura te  d i f fe ren t i a t ion  between an avoidanc e response and an escape response. A recent l y com-
pleted exper iment  showed that res is tance  to extinction of a conditioned avoidanc e respons e is
grea t l y increased by extending the maximum durat ion of the conditioned st imulus in ext inction.
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P r e l i m i n a r y  a n a l y s i s  of another avoidance conditioning experiment indicates that the usual
conception of the d i s t r ibu t ion  of pract ice , i. e., that spaced practice facilitates learning more
than does mas s ed prac t ice , may not apply in a presumably anxiety-arousing situation. Work
is continuing to per fec t  a suitable method for evaluating the effects of neural  damag e on emo-
tional behavior.

2. Basic Research  in Psycholog ical and Social Sciences
(Project  No. 3A01200 1B80I)

Dat e Estimated
Task Exper imenter (s )  Started Comp letion

a. Psychop hysiology of Vision D. B . Lind a Icy May 56 Aug 63
U .C.L .A.

Studies have continued on the perceptual blanking phenomenon to determine the temporal
aspects of visual perception. This study is being conducted under Contract No. DA-49-007-
MD-. 722.

b. Effect of Over-stimulation M. Lawrence May 55 Jun 64
and Internal Factors on the Univ. of Michigan
Function of the Inner Ear

The cochleas of guinea pi gs were injected with a hi g h potassium , low-sodium solution to
produce grea t l y increas ed intracochlear p res su re .  The cochlear AC potentials were recorded
simultaneously and found to decrease according to the p ressure  app lied. Four layers of the
basilar membrane and two of Reissner ’s membrane were examined electromicroscopicall y.
They appeared to serve as a selectivel y diffusing membrane in support of a radial direction
for the major  path of endol ymph flow.

Studies of the inner ear response to increasing ly higher tones showed that even in the
absenc e of the middle ear , the inner ear produces a “clamp” in the AC response of the cochlea.
The appearance of this response on a cathode ray oscilloscope is identical to that produced by
the middle ear muscles. The effect is related to the overloading process of the inner ear in
response to hig h level sounds . These studies are being conducted under Contract No. DA-49-
007-MD- 634.

c. Spectral Sensitivities J. Krauskop f Sep 60 Jul 62
for Small Retinal Areas Rutgers  Univ.

Studies utilizing the stabilized image techni que have yielded resul ts  bearing on the nature
of the fundamental color response systems of the human retina. Color experiences for tiny
spots of monochromatic light are not necessari ly the same as the st imulus.  This is explicable
only i n t e r m s  of imperfect instrumentat ion for producing stable images or in t e rms  of the size
of the receptor area being stimulated in the retina. Measurement of retinal images has been
made with a photoelectric ophthalmoscope to provide information on the fidelity of the imag e
forming mechanism. This study has been conducted under Contract  No. DA-49- l93-MD -2128.
A Final Report has been received.

Dr. Krauskopf has moved to the University of Mary land where he has been awarded a new
contract (MD-2327) ,  under the same title. Thi s has been funded under the budget line , Basic
Research in Life Sciences , Task 08 , Neuropsychiatry .

d. Traumatic Ori gins of I . Behar Jan 61 Continuing
Permanent Hearing M . Loeb
Loss 3. N. Cronholm

U. S. AMRL
Fort Knox , Kentucky

To assess the relation of temporary to permanent hearing loss as a function of the char-
acteristics of the noise s t imulus  - (Cont inuous type or impu l se-type ) ,  a stud y has been ini t iated
to evaluate the effects of duration , intensity, and mode of exposure on audiorn et n c  performance
of rhesus  monkeys. Pre-exposure  audiog rams have been obtained in one subject using a modi-
fication of the Bloug h-Bekesy technique for self-determined thresholds .  Two additional subjects
are undergoing training.
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Date Est imated
Task Expe r imen te r ( s )  Started Completion

e. Vest ibular  Function in G. H . Crampton Jul 56 Cont inui ng
Man and Animals U. S. AMRL

Fort Knox , Kentuck y

A major project , employ ing 60 cats , evaluated the importance of vision in the nystagmus
habi tuat ion process . It was found that , althoug h vision is a prominent  de te rminer  of eye move-
ment during rotation , that repeated rotary t~rials with vision has no effect whatsoever  on the
nys tag mic reflex if la ter  tested in darkness .  Work is continuing on the effects  of l inear accel-
era t ion on the nystagmic response of man. Data collected so far  indicate that with t i l ts  of

L. - grav i t a t iona l  resul tant  up to 16° , no change can be detected in the ocu la r  r iystagmus as com-
pared to nystagmus recorded in the absence of linear acceleration. A new stud y is designed
to determine if habituation to one level of acceleration is effective in reducing the nystagmic
response to accelerations of higher and lower magnitudes . Development is continuing on a
method for imp lanting micro-electrodes  in the vestibular g ang lion of the cat . All of the cur-
rent s tudies  are oriented toward elucidat ing man’ s accustomization to unusual acceleration
environ ment s .

One new rotary device was installed during this last year and has been in steady opera-
tion. A second device is scheduled for delivery and instal lat ion during the fall  of 1962.

f . Audit ion and Auditory M . Loeb Aug 54 Continuing
Perception J. L. Fletcher

U .S. AMRL
Fort Knox , Kentuck y

Two studies of fac tors  influencing the intensive di f ferenc e limen were  comp leted. In one
it was found that when “doubtful”  jud gments are precluded but “ equal” ones are not , l imens
for modulation a re  somewhat smaller than those for discrepancies between signals , and limens
are smal ler  for grea ter  intensities and (genera l l y )  m3re comparison cycles. On a second
experiment (pe r fo rmed  jointly with personnel at the Univers i ty of Louisvi l le)  it was found that
the superior i ty of detection for modulation signals is enhanced under vi g ilance conditions and
that the e f fec t ive  l imen tends to increase with time on task.

A seminar on middle ear function was held at the laboratory on 6 - 7 May 1961. Among
the participant s were: Dr.  Charles Blevins , D r .R .  Fleer , Capt. John L . Fletcher , Dr.  Odell W.
Henson , Dr. I ra  J . Hirsh , Dr .  Merle  Lawrence , Dr.  Michel Loeb , Mr.  Emanuel Mendelson ,
Dr .  J. R. Mundie , Dr.  W. D. Neff , Dr. Scott N. Reger , Dr. F. Blair  Simmons , Dr.  W. Dixon
Ward , Dr. Howard W e i s s , Dr. Jozef Zwislocki.

g. Studies in Psycho-  W . 0. Evans Jul 61 Continuing
pharmacology G. H. Crampton

U . S. AMR L
Fort Knox , Kentucky

The effects of psychotropic drugs  on human attention and temporal experience have been
studied. Techniques , using animals , have been developed for the screening and behavioral
anal ysis  of analgesic and psychotropic drugs and reported in USAMRL Reports  No. 476 , 494 ,
480. The synerg istic potentiation of op iate induced analgesia by “Al pha” adrenerg ic stimulant s
and “Beta ” adrenergic b lockers  has been studied and their  potential mil i tary util i ty reviewed.
Continuing studies of d-amphetamine on vestibular  function have shown that in clinical doses ,
the d~ ug has onl y a small enhancement effect (as measured by nys tagmus)  in man.

h. Effects  of Noise on Man K . D. Kryt e r  Feb 62 Jan 64
Bolt Beranek and
Newman , Inc.
Cambridge , Mass.

This is to be a review of all the scientific l itera ture  of the past decade concerning the
effects of noise on man. The stud y is being conducted underContrac t  No. DA-49- l93-MD -2235 .

i. Communication by Emerson Foulke Nov 61 Oct 63
Electrical Stimula- Univ. of Louis-
tion of the Skin yu le
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Dat e Es t imated
Task E xp e r i m e n t e r( s )  Started Comp le t ion

Studies at U . S. AMRL , Fort Knox , Kent uc k y ,  had already demonstrated the potential  u -se
of a one way communicat ion system by means of the skin acting as a sensor  for  ele tn i c a l
s t imul i .  Research is now on-going to determine the most practical p a r a m e t e r s .  The stud y
is being conducted under Grant No. 62-G49.

j. Perceptual  Evaluation of J. R. Binford Sep 61 Aug 64
Sensory Information Univ .  of Loui s-

ville

Vig ilanc e is being studied by collecting dat a on the effect  of rise time and discrimination
diff icul ty  of auditory stimuli  on detectability. Vi gilance will also be related to the chang ing
probabil i t ies of target  occurrence.  Other studies , supporting research at the U . S. AMRL ,
Fort Knox , Kentucky ,  include experiments comparing auditory and cutaneous reaction time ,
and the relationship be tweenforcea  exerted and their durations by a seated man with arm held
at various distances and ang les.

k. I r radia t ion and Visual W. W. Dawson Jan 62 Jun 63
Function U, S. AMRL

Fort Knox , Kentucky

Research  has been init iatedto provide a basis for greater  understanding of no rmal photo-
chemical events in the eye to yield methods for decreasing the onset time of scotopic vision
and enhancement of its maximum sensitivity ,  and to enable the recommendation of protective
measures  for the reduction of visual deterioration and “noise ” when hig h background radiation
levels are  present . All major apparatus for the biochemical and el~ ctrophysiolog ical phases
of the research  has been secured.  Instal lat ion and repair of existing x-ray equipment has been
completed. Radiolog ical survey  of the installation indicates that x-ray scatter into the external
work area is less than 0.1 m r / h r . , within the specified safety limits of the Atomic Energy
C ommis sion . Succ es sful extraction of photopigment ( rhodopsin) has been made from the retinas
of f rogs .  Stock piling of this extract is underway in anticipation of bioassay for su lfh ydril ac-
t iv i t y during i rradiat ion.  The device for  t i t ra t ion has been comp leted and functions accurately
in t i t r atio ns of g lutathione , a known suh fh y dril  bearing compound. Final construction of the
visual  s t imula to r  required for the electrophy siolo g ical studies is underway. Titration of
rhodopsin sulfh ydril  g roups  during illumination has been accomplished following the techniques
of Wald and indicates that the  biochemical procedure is adequate for the research.

I . Cer ta in  Phys iolog ical R. B . Malmo Jun 55 Jul 64
Cor re la tes  of Psycho- McGill Univers i t y
motor Functioning

Three investi gations were  conducted. In the f i rs t , divided set in a tracking task produced
a hi ghl y signif icant  increas e in t racking error  scores , but this differenc e in performance was
not accompanied by any reliable changes in the physiolog ical measures .  That this absenc e of
differences in the physiological measures was not due to their insensitivity was demonstrated
by f ive other comparisons with the same subjects  (e .g . ,  sing le versus  double tracking with
muscula r  exert ion cont rol led)  in which highly si gnificant differences were obtained between
physiolog ical measures .  From these resul ts  it appears reasonable to conc lude that purel y
cognitive factors of set and attention were evident ly capable of impairing performanc e , inde-
pendentl y of activation (on arousal ).

In a second investigation cognitive factors were fur ther  explored employing a paced audi-
tory  serial  addition task.  Effects  over longer (minutes)  and briefer  (seconds ) temporal inter-
vals were  studied. Whi le  the main anal ysis  of the longer intervals showed that the EEG and
autonomic changes were  hi ghl y concordant when level of activation was shifted , there  was a
sugges t ion  of EEC change accompanying reminiscence that was not ref lected in the autonomi c
measures .  The main finding for the shor t - t e rm study of EEG al pha and beta in this experi-
ment was that both showed few effects  attributable to what mig ht be called the more cognitive
aspects of per formance  ( e .g . ,  those aspects of performanc e reflected in the e r ror  analy s i s ) ,
but showed great  sensi t ivi ty  to motor aspects of performance (e.g. ,  motor response and prep-
aration for  motor response) .  It seems likely that this finding has important implication for the
“psycholog ical r e f rac to ry  period” in motor response , and follow-up studies are being planned
to p u r s u e  this problem f u r t h e r .
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Date Est imated
Task Exper imenter (s )  Started Comp letion

In a thi rd  investi gation , with brain stimulation as unconditioned st imulus an int r ac r aniall yel ici ted autonomic response was conditioned to an exteroceptive s t imulus.  Heart rate slowing
produced by s t imulat ion in “ rewarding” areas of the brai n was conditioned to a tone in a g roupof 20 rats . These studies are being conducted under Contract  No. DA-49-007-MD-626 .

m. Retention of Tracking Skil ls  A. W. Melton Jan 59 Sep 63
Univ. of Michi gan

-\ progress report was received 20 August  1962 . This s tudy is expected to terminate in
the fall of 1963 , after which a Final Report wi l l  be available . Three studies were comp letedon this  pr oject  during the previous year .  All involved determination of t racking skills using
the BETA tracking device. Finding s suggest that gain or loss of performance from day to daydepends on level of achievement on the task , with better performanc e level associated moref requen t l y with a loss from day to day , possibl y as a re su l t  of “fo rge t t ing . ” When performancewith the normal disp lay-control  relationship was contrasted with that using a reversed  disp lay ,v~omen tended to show poorer  performance with the reversed disp lay-control  relat ionship as afunc t ion  of anxiety,  while men did not respond in this way when anxious. Both men and womenimproved  in per formance  over res t  (reminiscence effect ) with both normal and reverseddisp lay-contro l  relat ionship.

Al l  s tudies  were  limited by apparatus shor tcoming , and present  work on the ext ended(wi thout  f u n d s )  project will be b~ased on improved circ ui t ry .  The project will terminat e in thefall  of 1963 , a f te r  which a Final Report will be available.  The s tud y has been conducted underContract  No. DA-49-007-MD- .  1020.

n. Adaptat ion to Bodil y G. R . W endt Jul 63 Jul  64Rota t ion  Univ .  of Rochester

The r e sea r ch  is on adaptation (habituation) to bodil y rotat ion i i i  t ra ined subjects  such asfi g u r e  ska t e r s  and of the individual and env i ronmenta l  var iables  in a normal male populationrelating to abil i t y to. maintain respons iveness  , a ler tness , or arousal  dur ing  ves t ibular  stimula-tion. One e x p e r i m e n t  involves accelerat ion at l80°/ sec .  with tests of existing adaptations , ahabituat ion s e r i e s , and an a rousa l  series . A second stud y is to sc reen  a student population for
cha rac t e r i s t i c s  of r e sp onse  to l80”/ sec .  rotation , for habi tuat ion to 20° osc i l l at ion , and for
abi l i ty to overcome t h is  habi tuat ion by a rousa l .

o. Pharmacolog ic il Enhance- J. M . Whitehous e Aug 63 Aug 64
ment of l~e rf o r m a n ce  Univ.  of Kentuck y

Research  has now begun on the neurochemical  basis for learning and on exp lorat ion of
pharmacolog ical  measu re s  to enhance learning throug h increas ing the eff ic iency of synaptict r a nsmiss ion .  One stud y is to provide dose-response  determinations of the e f fects  of esen ine
on ac qu i s i t ion of a vis u al dis c ri min at io n , and to stud y EEC changes dur i ng this process .  A
s econd st ud y will  i n v e s t i g a t e  the effects of esen ine on two f lash  discr iminat ions.  The work is
related to that of Krech arid L inds ley .
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2D. U.S. ARMY PERSONNEL RESEARCH OFFICE
Wa shin gton.  t).C. 20315

A. C U R R E N T  WORK PROGRAM

1. The U . S. A r m y  Personne l  Resea rch  Off ice  c a r r i e s  Out  R D T & E  funded Project
2J0247 01A7 13 in pe r sonne l  u t i l iza t ion  and personnel measu remen t  and Pro jec t  2J 62090 1A721
to develo p an advanced computer ized survei l lance in format ion  processi ng sys tem.

a. Personne l  Uti l izat ion research  inc ludes  exper imenta l  research on the ef f ic iency
- with which c u r r e n t  and f u t u r e  Army jobs are accomplished. Suc h research  inc ludes  experi-

mentat ion  with va r i ab l e s  inf luencing psycholog ical and behavioral  capabi l i t i es  under var ious
con di t ions  p lacing li m its on j ob per formance .

b. P ersonnel  Measurement  research includes r esea rch  on selection and c lass i f ica-
ti on , and on the eva lu at ion of behavio r in v olving u n u s u a l  demands upon ind ivid u als , g r o u ps or
sys tems;  also research in personnel  s y s t e ms  relat ing such factors  as manpower require-
ment s and individual d i f f e r e n c e s  to sys tems e f fec t iveness .

c. Consultat ion and Implementat ion

( 1 )  USAPRO scient is ts  render  profess iona l  advice and assis tance to all e lements
of Army staff  and to major  field command element s ident i fied as sponsors and p r i m a r y  users ,
as well  as to ma j or f ie ld  commands and to civilian organizations per forming cr i t ica l  research
in relat ed areas .

( 2 )  USAPRO scient is ts  also faci l i ta t e the imp lemen tation of it s re search  f inding s ,
which are usual l y of Army-wide  si gni f icance .  These activities may include br ief ing s , demon-
s t r a t i on s , and par t ici pation in conferences  to resolve d ivergent  scientifi c , practical  and policy
demands. They may occur throug hout the va r ious  phases  of r esea r ch , but pa r t i cu l a r l y at the
time of report ing f inal  res earch resu l t s .

d. Organiza t ion .  The presen t  organiza t ion  is headed by a mil i tary  commander. A
Chief Scientist is in charge of planni ng. Under a Di rec tor , R e s e a r c h  Laboratories , four  re-
s earch laborator ies  divide the research  r e s p o n s i b i l i t y ,  emp loy ing researc h ap pr oac hes t o
their  assigned tasks.  A f i f th  l abo ra to ry  lends s ta t i s t ica l  suppo rt. One hundred and forty per-
sonnel p resen t ly  staff  the o rgan iza t ion ;  half are  p rofess iona l ly t rained psycholog i s t s , statis-
ticians and mathemat ic ians ;  the  o ther  half  are suppor t  p e r s o n n e l .

2. The cu r ren t  wo r k p r o g r a m  ( F Y  1964)  cons i s t s  of 15 research  tasks in Project
2J0247 01A7 13 c a r r i e d  out or monitored by fo ur  r e s e a r c h  l a b o rat o r i e s  and Projec t  2J6 2 0901A721 ,
moni tor ed by the Support  Sys tems  R e s e a r c h  Labora to ry .

a. The Support Sys tems  Research  Laboratory conducts  research  related to human fac-
tors in mi l i ta ry  sys tems operat ing in support  of combat uni ts , providing scient if ic  solutions
to problems involving : human capabili t y w i th in  s y s t e m s  , optimal work techni ques and sequences ,
const ruct ion of e f fec t ive  operator disp lay s , assess men t of visual senso r capabilities , and anal-
ysis  of sys tems performanc e under condit ions of degradat ion  and emergency  demands . Poten-
t ia l  mi l i ta ry  research e n d - r e s u l t s  by task  follow.

( 1 )  IMAG E INTERPRETATION (Psycho log ical Factors  in Image In te rpre ta t ion) .
Per formance  standards and select ion te s t s  for  image i n t e rp re t e r s , imp rov ed t echn i qu es fo r
imag e in terpre ta t ion , i n fo rma t ion  as to optimal l imi ts  of sustained work and t ime  demands ,
and approaches that maximize  group  in terpre ter  product iv i ty  j n  typ ic al miss ions .

( 2 )  IMAG E SYST EMS (Imag e Sys tems In tegra t ion) .  Approaches that maximize g roup
in te rpre te r  productivi ty in typical missions , in format ion  establishing optimal size and com-
position for selected image  i n t e r p r e t e r  units , improved  means of request ing i nformation f rom
in te rp re t e r s  and of communicat ing the informat ion  extracted by i n t e r p r e t e r s , i nformation es-
tablishing the u t i l i t y and human factors  requi rements  for real-time imag e sys t ems , and deter-
minat ionof  human  f ac to r s  problems and d i f f icu l t ies  l ikel y to a r i se  in new imag e sys tems  when
used in tactical  operations .
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(3)  COMM AND SYSTEMS (Command Informat ion Processing Systems ). Improved
ut i l iza t ion of human abilities in complex man-machine  systems by specif icat ion of e f fec t ive
individual  and g roup  work methods and techniques , improved assignment  of e lectronics per-
sonnel throug h di f ferent ia l  identif ication of aptitude for •MOS of hi g h and low levels of com-
plexity , improved genera l  level of on-j ob  performance , and object ive per formance  measures
for the evaluation of system and sub-system ef fec t iveness .

( 4 )  PHOTO QUALITY (O ptimal Combination of Photo Qualities for Imag e Informa-
tion Ext rac t ion).  A set of measures  and equations relating photo quality to accurac y of inter-
pretation so that photographs may be rapidly evaluated and , as a resu l t , identif y ( 1)  photographs
of such poor quali ty that l i t t le  rel iable intel l igence can be extracted , ( 2 )  photographs of hig h
quali ty with probable hig h y ield of reliable intelligence information.

( 5 )  SURVEILLANC E SYSTEMS (The Imag e In te rpre te r  in Advanced Surveil lanc e
Informat ion Processing Systems ( U ) ) .  Cri t ical  information for  use by de s igners  of fu ture
equi pment and sys tems and for the user  of these sys tems concerned with operating procedures
and techniques , effective operating procedures  for all phases of the in terpre ta t ion  processes
within the data reduction facil i ty.

b. The Combat Sys tems Research Laboratory conducts research related to human
fac tors  in combat sys tems , providing scientific solutions to problems involving development
and implementation of mathematical  manpower models to a s su re  adequat e personnel  to the
combat arms , analysis  of human factors demand s in f u t u r e  tactical systems , and improve-
ment of the combat cap ability of individual s and small groups per formin g in man-machine
systems under psycholog ical and environmental hazards. Potential mil i tary research end-
results follow.

( 1 )  MONITOR PERFORMANCE (Dependable Performance in Monitor Jobs ). Im-
provement of work methods and selection techniques for a broad spectrum of critical U . S.
Army monitoring job s , and improved utilization of personnel for the Army Securit y Agency.

(2) FUTURE COMBAT (Personnel Planning and Utilization in Combat Organiza-
tions ). Determination of personnel requirements arising from new weapons sy stems ,probable
cri t ical  areas of personnel shortage and overag e, and improved selection , classification , and
util ization throug h use of computers .

(3 )  CRITICAL SITUATIONS (Increasing the Effect iveness  of Special Forces Per-
sonnel During Critical Situations ). Identification of Special Forces activities likel y to suffe r
during cr i t ical  si tuations and , t he re fo re , likely to lead to aborted or inadequately fu l f i l led
missions , techni ques for reducing or eliminating performance decrement during crises ,tech-
ni ques for assessing credibil i ty of intell igenc e derived f rom observers  exposed to cr i t ical
sit uations .

c. The Military Selection Research  Laboratory conducts research related to mil i tary
selection with special reference to enlisted personnel , providing scientific solutions to prob-
lems of screening , c lassif icat ion , and assignment of mi l i tary  and civilian personnel to assure
maximum feasibility levels  of personnel  per formance  throug hout the Army. Potential mi l i t a ry
research end- resu l t s  follow.

( 1 )  INPUT QUALITY (Methods for Improving Enlis ted Input Quality).  Research
information on operational screening problems , technical information and methods for improv-
ing fu tu re  forms of input tests , methods for est imating mental abilities of the civi l ian pool
available for service , development and imp lementat ion of AFQT and auxiliary ins t ruments ,
new forms of operational screening ins t ruments .

(2 )  NEW CLASSIFICATION TECHNIQUES(New Techniques for  Enlis ted Classif ica-
tion). Periodic introduction of new and improved ins t ruments  into the ACB , development of
measures  of attitudes and in te res t s  to predict  motivation in t r a in ing  and on the job , identifica-
t ion of personal and situational factors leading to changes of career intention , development of
measures  of physical proficiency relevant to Army jobs .

(3)  CIVILiAN RESEARCH CONSULTATION (Consul ta t ive  Assis tanc e on Civilian
Personnel Research) .  Application of previous civi l ian and mi l i t a ry  personnel research to
cu r r en t  c ivi l ian  personnel problems , evaluation of proposals for new research  on civilian per-
sonnel problems.
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(4) CIVILIAN PERSONNEL RESEARCH (Researchon Problems of CivilianPerson-
nd Management in the Army) .  Three  problems are to be studiedin initial research contracts.
(a)  Personnel  management of civil ian executives to measure  extent to which executive j ob con-
tent varies with the incumbent . (b)  Identification of conditions and practices which contribut e
to hi gh motivation and morale among R&D scient is ts  and those which make for poor motivation
and morale. ( c )  Identification of conditions which vary across  installations , job areas and
possibly across time which influenc e problem of effective selection of first-line supervisors.

d. The Behavioral Evaluation Research Laboratory conducts research related to special
requirements such as identification of potential officers , NCOs and Special Forces personnel ,
providing scientific solutions to problems involving psycholog ical requirements of individuals
and small groups performing under psycholog ical and environmental hazards ,including special
situational evaluations. Potential mil i tary resea rch  end- results  follow.

( I )  OFFICER PREDICTION (Predict ion of Effect ive Officer  Pe r fo rmance) .  Maxi-
mum uti l izat ion of available off icer  talent in the Army of the fu tu re  throug h earl y measurement
of aptitudes and charac ter i s t ics  related to competent per formance  in specific jobs , and im-
proved prerequis i tes  for the selection or earl y identification of potential o f f ice rs .

( 2 )  CADET LEADERS (Psycholog ical Measures  for Use in Pr imary Off icer  Selec-
tion and Evaluation Programs ). Increased quality and career motivation of USMA, ROTC , and
OCS graduates  throug h the use of improved selection and evaluation measures of cadets and
of f i ce r  candidates.

( 3 )  NCO LEADERS (Selection of NCO Leaders).  Screening techniques for the iden-
t i f ication upon entrance into the Army of those persons with greates t  likelihood of develop ing
noncommissioned off icer  abili t ies , including peer rating techni ques for use in this as well as
in a variety of select ion situations .

(4) COMBAT SELECTION (Devel opment of Test Batteries for Combat Selection).
A set of predictor measures for selecting individuals for Special Warfa re as signment , a con-
tinuous assessment p rogram for determining an individual’ s suitabili ty for remaining in Spe-
cial War fa r e  assignments , a means for selecting individual team members so as to optimize
group performance.

3. A fi ft h l abora tory ,  the Statistical Research and Anal ys-~s Laboratory,  provides statis-
tical consultat ive and p lanning support and dat a process ing and anal ysis services for the re-
search activities of the other Laboratories , including model development and simulation
throug h use  of computer automation techniques.

4. The Combat Systems and Support Systems Research Laboratories~ are par t icular ly
concerned with human performance in mil i tary man-machine systems and hence lead to con-
siderable close in terac t ion  with human eng ineering laboratories.

5. The complete USAP RO program is available upon request f rom U. S. Army Personnel
Research Office, Washington 25, D. C.
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21). U.S. ARMY PERS ONNEL RESEARCH OFFICE
R EPRESENTATIVE TECHNICAL RESEARCH PUBLICATIONS

f E C l l N ~~~AL R E S E A R C H  RF ; PORTS

l~A Y l~~)F~F , A .  G. and ANDERSON , A. A. ,  Development of Armed Forces  Qualification Tes t  7
and 8. U S A P R O  Te( hn ica l  R e s e a r c h  Repor t  1132 .  May 196 3.

B A Y R O F F , A. G., H E E R M A N , E. F., and ANDERSON , A. A., Screening  De vices  fo r  Select ive
St - r v i , e R e g i ~~r r a n t s  Who Fail AF QT 7 and 8. I J S A P R O  Technical  R e s e ar c h  Report  1130.
J a n u a ry  19 1 1.

S A D A C C A , R . ,  M A R T I N E K , H., and S C H W A R T Z , A. I . ,  Image In t e rp re t a t i on  Task--Status
R ep o r t , 30 J u n e  1962. U S A P R O  Technica l  R e s e a r c h  Repor t  1129.  Octobe r 1962.

S EE L E Y , L. C. and ANDERSON , A. A.,  Develop ment of the A r m y  Qual i f ica t ion  B a t t e r y ,  Forms
~ and 3. USAPRO Technica l  R e sea r c h  Repor t  1131. May 1963.

TECHNICAL R E S E A R C H  NOTES

B A Y R O F F , A . G.,  Success ive  AFQT F o r m s — C o mp a r i s o n s  and Evaluat ions .  USAPRO Tech-
n ica l  R e s e a r c h  Note 132 . May 1963.

B A Y R O F F , A. G. and ANDERSON , A. A., Development of Li teracy  Screening Scales for  AFQT
7 and 8 f a i l u res . USAPRO Techn ica l  R e s e a r c h  Note 131. J anuary  1963.

HELME , W .  1-1., DENTON , B., and ANDERSON , A. A ., Ev aluation of Tests  to Predict  Success in
Au tomotive Maintenance Hel per Course .  USAPRO Technical  R e s e a r c h  Note 127. October 1962.

H E L M E , W . H.,  DENTON , B., and ANDERSON , A. A., Evaluation of Tests  to Predict  Success
in Army Clerk Cour se .  USAPRO Technical  R e s e a r c h  Note 130. J anuary  1963.

HELME, W . H. and FITCH, D. J., Grouping Army Training Courses  by Army Classif icat ion
Bat tery  Factors .  USAPRO Technical  Resea rch  Note 128. October 1962.

KATZ , A.,  Prediction of Success  in Automatic Data Process ing  Programming Course .  USAPRO
Technica l  R e s e a r c h  Note 126. October 1962 .

KLIEGER , W .  A. ,  DUBUISSON , A. U. ,  and SARGENT , B . B. III , Correlates  of Disci p linary
Record  in a Wide-Range  Sample. USAPRO Technical  R e s e a r c h  Note 125. August  1962.

SEELEY , L. C., MOR T ON , Mary  A., and ANDERSON , A. A ., Exp lo r ator y Stud y of a Sequential
Item Test . USAPRO Technical  R e s e a r c h  Note 129. December 1962 .

T I E D E M A N N , J. G. and DOBBINS , D. A.,  E f fec t  of Limited Signal Informat ion  on Accuracy  of
Radia tor  Identif ication (U) .  USAPRO Technical  R e s e a r c h  Note 133. June 1963. SECRET

TIE DEMANN , J. G. and DOBBINS , D. A.,  Predict ing Per fo rmance  in Special  Devices Search
and An alysis  (U) . USAPRO Technica l  R e s e a r c h  Note 134 , June 1963. SECRET

RESEARCH STUDIES

BERKHOUSE , R .  G.,  R e s e a r c h  on Combat Select ion and Special  Forces  Manpower  P rob lems—
Status Report. USAPRO Research Study 63-2 . January 1963.

BOLDT , R.  F., Combat Al locat ion  and Future Combat Tasks--Status  Repor t , FY 1962. USAPRO
Resea rch  Stud y 62-6. Augus t  1962.

MEDLAND, F. F. and GORDON , L. G., Leadership Assessment of Cuban Enlisted Men and
Officers in the U. S. A r m y  (U). USAPRO Research Study 63-3 . June 1963. CONFIDENTIAL

STERNBERG , J. J.,Human Factors Research Needs in Korea. USAPRO Research Study 63-1 .
March 1963.
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U SAPRO PAMPHLETS

BERKHOUSE , R.  G., The Army Personnel  Rat ing  Machine.  June 1963.

U H L A N E R , J.  E . ,  Measurement  and Uti l iza t ion R e s e a r ch  in USAPRO Laborator ies .  April  1963. —

PAPERS PRESENTED AT MEETINGS OF PROFESSIONAL ORGANIZATIONS

BOLDT , R .  F. and JOHNSON , C. D., Computer ized Personnel  Assi gnment Sys tem.  Paper
Presen ted  to the Second Army Operat ions  R e s e a r c h  Symposium , Durham , North Carolina ,
26 March 1963. (Also to be published in the Proceedings of the Symposium.)

BIGELOW , George F., Photographic In terpre ta t ion  K e y s — A  Reappra isal .  Paper Presented to
Mee t ings  of American Societ y of Pho togrammet ry ,  Washington , D. C., 25-2 8 March  1963.

JOHNSON , C. D., Comparison Approaches  to Obtaining a Transformat ion Matrix Effect ing a
Fit  to a Factor  Solution Obtained in a D i f f e r en t  Sample. March 1963. For Publication in
Proceedings  of th e  1962 Army Experimental  Desi gn Conference , Durham , North  Carolina.

SADACCA , R . ,  Human Factors  in Image In te rpre ta t ion , March 1963. Paper Presented to
Meet ings  of the American Society of Photogrammetry ,  Repor t  to Subcommittee III , Wash-
in gton , D. C. 25-29 March  1963.
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2D. U.S. ARMY PERSONNEL RESEARCH OFFICE
BIOGRAPHICAL DIRECTORY OF PRO FESSIONAL PERSONNEL

ANDREWS , Robert  S., Resea rch  Psychologist  (Genera l ) ; MS , William and Mary  Colleg .- , 1958 ,
Psychology; Assoc APA , Human Factors Society.

BANAS , Paul A.,  Resea rch  Psychologist (PM&E);  MA , U n i v e r s i t y  of Minnesota , 1959, Psy-
chology ; Member APA , AAUP, Psi Chi.

BAYROFF , Abram C., Task Leader;  PhD , Univers i ty  of North Carolina , 1931 , Psychology ;
Fellow APA , Member  EPA , DCPA , SEPA , Psychonomic Society, AAAS , Si gma Xi , ABEPP
(m d. ).
BERKHOU SE , Rudol ph G., Staff Assis tan t  for Plans; BS , Ohio State Un ive r s i ty ,  1940 , Psy-
chology (all work toward PhD completed except d i s se r ta t ion  - American U n i v e r s i t y ) ;  Mem-
ber  APA , Psychometr ic  Society,  Psi Chi.

BIGEL.OW , George F., Intelli gence Operations Specialis t ; .AB , Harvard Un ive r s i t y ,  1938 , Eng-
lish; American Society of Photography.

BIRNBAUM , Abraham H., Sr . Task Leader;  PhD , New York Univers i ty ,  1957 , Psychology;
Member  APA , EPA , DCPA , American Society of Photogrammetry .

BERSH, Philip J . ,  Chief , Resea rch  Laboratory;  PhD , Columbia Univers i ty ,  1949 Experimental
Psychology;  Fellow APA , AAAS; Member  Sigma Xi , Psychonomic Society.

BOLDT , Robert  F., Sr. Task Leader;  PhD , Princeton Univers i ty ,  1962 , Psychometr ics ;  Mem-
ber  APA , EPA , DCPA , American Stat. Assoc , Psychometr ic  Society, Sigma Xi , Fellow Md. PA.

BROGDEN , Hubert  E., Chief Scientist ;  PhD , Univers i ty  of Illinois , 1939, Psychology;  Fellow
APA , Member EPA , Psychometr ic  Society, Psychonomic Societ y, Sigma Chi.

BROWN , Emma E., Assis tant  for Repor t s ;  MA , Univers i ty  of Colorado , 1927 , Languages;
Member APA, DCPA , Psi Chi , Phi Beta Kappa.

B U R K E , Laverne K., R e s e a r c h  Psychologist (PM&E);  MA , Ohio State Univers i ty ,  1935 , Psy-
chology (all course requirements  and language examinations completed toward PhD , American
Unive r s i ty ,  Statist ics);  Member APA , EPA , DCPA , Psychometr ic  Society, American Stat.

soc.

CASTELNOVO , Anthony E.,  Research  Psychologist  (PM&E) ,  MS , Kent State Univers i ty ,  1950 ,
Psychology .

CHANDLER , Marjorie 0., Resea rch  Psychologist  (PM&E);  PhD, Unive r s i ty  of Minnesota ,
1949, Psychology; Member APA .

CORY , Bertha H., Chief , Statistical Systems and Computer Branch;  MA , Univers i ty  of Rocheste r ,
1941 , Psychology; Member APA , DCPA , EPA , American Stat. Assoc.,  Psychometr ic  Society,
Assoc for Computing Machinery, Sigma Xi, Phi Beta Kappa.

DRIJ CKER , Ar thur  J., Staff Assis tant  for Resea rch ;  PhD , Purdue Unive r s i ty ,  1949, Psychology;
Fellow APA , Member DCPA , EPA , International Assoc. Applied Psychology .

DUBUISSON, Adrian U. , Research Psychologist (PM&E); MS. University of Auburn , 1955 , Psy-
chology. 

-

DUNTEMAN , George H., R e s e a r c h  Psychologis t  (PM&E);  PhD , Louisiana State Univers i ty ,
1962, Psychology; Member Sigma Xi, Psi Chi.

FRANKFELDT , Eli , Resea rch  Psychologist (PM&E) ;  MS , City College , New York , 1938 , Psy-
chology; Member APA , EPA , DCPA , Staff Member Inter-Inst i tut ional  Seminar in Child De-
velopment and Education.

FRANKLIN , Margare t  E., Resea rch  Psychologist (PM&E) ,  PhD , Purdue U n i v e r s i t y , 1963 , Ps y-
chology; Member DCPA.
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FUCHS, Edmund F., Chief , Research Laboratory; MS, Fordham University, 1942 , Psychology;
Fellow AAAS, APA , Md. PA; Member DCPA , American Catholic Psych Assoc , Psychometric
Society.

GORDON , Leonard V., Chief , Resea rch  Laboratory;  PhD , Ohio State U n i v e r s i t y ,  1950 , Ps y-
chology; Fellow APA , Member  WPA , EPA , AAAS, International Association Applied Psychology,
Psychometr ic  Society.

GRAHAM , War ren  R . ,  Resea rch  Psychologist (PM&E);  EdD , Columbia University, 1955, Ps y-
chology and Psychomet r i c s ;  Member APA.

HAGGERTY , Helen R. ,  R e s e a r c h  Psycholog ist (PM&E);  PhD , ,T e a c h e r s  College , New York ,
1938 , Education; Member APA , DCPA , AAAS , National Society for  Stud y of Education , Ame r-

- ican Educ. Rsch. Assoc .

HAMMER , Char les  H., Resea rch  Psychologist (General); PhD , Purdue Univers i ty ,  1958 , Indus-
t r ia l  Psychology;  Member APA , DCPA , MPA , Sigma Xi.

HARDY , Cuthrie D., Resea rch  Psycholog ist (PM&E);  BA , Cornell  Univers i ty ,  1959, Psy-
chology.

HEERMANN , Emil F., Research Psychologist (PM&E ) ;PhD , Ohio State Univers i ty ,  1959, Psy-
chology and Statist ics;  Member APA, Md. PA.

HELME , William H., Sr. Task Leader;  PhD , New School for Social R e s e a r c h , 1959, Psychology;
Member APA , EPA.

HILLIGOSS , Ri cha rd E ., Research Psychologist (PM&E); MA , George Washington University,
1960, Psychological Measurement; Member APA, SEPA , Psi Chi.

HOUSTON, Thomas J., Research Psychologist (General); MS, Howard University, 1947 , Psy-
chology.

JOHNSON , Cecil D., Chief , Statistical Research  and Analysis Laboratory; MA , George Wash-
ington Univers i ty ,  1951 , Psychology (accepted as PhD candidate at GWU , 1963); Member APA ,
Psychometric Society, Association for Computing Machinery, Army Mathematics Steering
Committee , Psi Chi, Sigma Xi.

KAGERER , Rudol ph L., Resea rch  Psycholog ist (PM&E),  MS , Purdue Universi ty ,  1958 , Psy-
chology; Sigma Xi .

KAPLAN , Har ry ,  Assistant for Tests ;  MA, George Washington Univers i ty ,  1952 , Psychology;
Member APA , EPA , DCPA , AAAS , Psychometric Society.

KAT Z , Aaron , Re search Psychologist (PM&E); MS, City College, New York, 1947 , Psy chology;
member APA , EPA.

KOTULA , Leo J., R e s e a r c h  Psychologist (PM&E);  PhD , Univers i ty  of Pittsburg h , 1951 , Ps y-
chology; Member  APA , DCPA, Sigma Xi.

MARTINEK , Harold , Resea rch  Psycholog ist (General) ; MS , Iowa State College , 1954 , Psy-
chology; Member APA , Human Factors Society.

MEDLAND, Francis F., Task Leader; MA, University of Chicago, 1948, Psychometrics;
Member APA , Sigma Xi.

MELLINGER , John J., Chief , Statistical Resea rch  and Consultation Branch; PhD , Univers i ty
of Chicago , 195 6 , Psychometr ics ;  Member APA, AAAS , Psychometric Society, American Sta-
t ist ical  Association , Sigma Xi .

MORTON, Ma ry A., Research Psychologist (PM&E); MA , Howard University, 1933, Education;
MS, Howard University, 1934, Psychology; Member APA, DCPA.

OLANS , Jero me L., R e s e a r c h  Psychologist (PM&E) ,  MA , Teachers College , Columbia Uni-
ve r s i t y ,  1950 , Psychology (all work toward PhD comp leted except disser ta t ion - George Wash-
ington Un ive r s i t y ) ,  Guidance; Member APA , DCPA , EPA.

225

- —5- ~~ t - -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
~~~~~~~~~~~~~~~~~~

- -
~~~~ 

-
~~~~

- - ,~~- ~~~— ~~~ - .-- -~~~~- - - -- . - -



OLSON, Pauline T., Statistician (General); BS, University of Kentuck y, 19 37, Mathematics.

ORLEANS, Isaak D., Research Psycholog ist (General); MA, City College, New York, 1940,
Education (course r equ i rements  for PhD completed , Teachers  College , Columbia U n i v e r s i t y ,
Social Psychology);  Member  APA , Society for  Stud y of Social I s sues , Human Factors Society.

RINGEL , Seymour , Task Leader , MA , Brookl yn College , 1952 , Psychology (all work toward
PhD completed except dissertation - American Unive r s i ty ,  Psychology);  Member APA , SEPA ,
DCPA.

ROOT , Robert T., Research Psycholog ist ( P M & E ) ;  PhD , Univers i ty  of Mary land , l9 6Z , Psy-
chology; Member APA , Psi Chi .

L

ROSS, Robert M., Sta t i s t i ca l  A s s i s t ant ; BA , Bradneis Univers i ty ,  1959, Psychology;  Member
Psi Chi .

RUBIN , Ar thu r , Research Psycholog ist (Genera l ) ;  MS, Pennsylvania State U n i v e r s i t y ,  1959,
Psychology; Member APA.

SACHS, Sidney A., Di g ital Computer  P rogrammer ;  MA , Univers it y of Illinois , 1960 , Sta t is t ics ;
American Inst. Industrial Eng ineers.

SADACCA , Robert , Sr. Task Leader;  PhD, Princeton University, 1962, Psychometrics ; Mem-
ber APA , Psychometr ic  Society, Human Factors Society, American Photogrammetry  Society.

SAlT , Edward M., Research Psycholo~ ist (PM&E) ;  AB , Univers i ty  of California , 1935; Mem-
ber APA , MPA , Indiana Psych Assoc.,  Psychonometric Society, Sigma Xi .

SARGENT , Bryan B., Research Psychologist (PM&E); BIE, Georgia Institute of Technology,
1956 , General Psychology (all work toward PhD completed ; present ly writing disser ta t ion ;
Unive r s i ty  of Tennessee);  Amer ican  Inst. Industr ial  Eng ineers ; AAPA , Psychometr ic  Society.

SCHWARTZ , Alfred I ., Operations Research Analys t ;  MS, Universi ty of Chicago , 1948 , Geog-
raphy; Member American Assoc. of Geographe r s , American Society of Photogrammetry.

SCHUMACHER , Anne W.,  Research Psychologist (General) ;MS , Purdue Univers i ty ,  1962 , Ex-
perimental Psychology; Member Psi Chi.

SEELEY , Leonard C., Research  Psychologist (PM&E) ;  MA , American Univers i t y, 1958 , Psy-
chology; Member APA.

SKORDAHL, Donald M., Research Psychologist (PM&E); MA, University of Minnesota, 1958,
Psychology.

STERNBERG , Jack J., Task Leader;  MA , Syracuse  Univers i ty ,  1950 , Psychology and Sta t i s t ics ;
Member  Psi Chi.

STICHMAN , Eugene P., Research Psycholog ist (PM&E) ;  AB , Dartmouth College , 1957 , Psy-
chology; Member AAAS.

STUBBS , Joel R., Analytical Sta t is t ic ian;MS, Purdue Univers i ty ,  1958 , Industr ia l  Psychology;
Member APA, MPA, DCPA , Psi Chi.

THOMAS , James A., Research Psycholog ist (PM&E); MA , Ohio State University, 1949, Psy-
chology (completed all work toward PhD except d isser ta t ion - American U n i v e r s i t y ) ;  Member
AAPA , Psychometric Society.

TIEDEMANN, John G., Acting Task Leader; PhD, American University, 1961 , Psychology;
Member APA , DCPA, Psi Chi.

TRACEY , Ernest A., Research Psychologist (PM&E) ;  MA, American Univers i ty ,  1962 , Psy-
chology; Member Society Study Social I s sues .
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U H L A N E R , Ju l i us  E., D i r , - c t o r , Research Laboratories ; PhD, New York University, 1947 ,
P s y c h o l o g y ;  Fellow APA , Membe r DCPA , EPA , SEPA , W P A , Human Factors Society, ORSA ,
Society fo r  Adv . of Mgt., ~‘oci~-ty for Pers . Admin., Psychomet r ic  Society, Iowa Academy of
Scienc , - , A F - NR C  Vis ion  Commit t , - e , N R C - H i ghway Research  Board , RDB Panels and Corn-
m i t t , -  ~~s -

VICINO, Frank L., Research Psycholog ist (PM&E); MS, University of Maryland , 196 2, Psy-
chology;  Psi Ch i .

WATERS , C a r rie  J., Resea rch  Psycholog ist  ( P M & E ) ;  PhD , Ohio State U n i v e r s i t y ,  1959, Psy-
chology; Member  APA , DCPA .

WATERS , Lawrence  K., R e s e a r c h Psycholog ist ( P M & E ) ;  PhD , Ohio State Un ive r s i ty ,  1958 .
— Psychology;  Membe r APA , DCPA , Psychomet r i c  Society,  Human Factors Society.

W E I N B E R G , Solomon A., R e se a r c h  Psycholog ist ( P M & E ) ;  PhD , Ohio State U n i v e r s i t y ,  1953 ,
Educational Psychology;  M e tu b t - r APA , DCPA.

WIL L E M I N , Louis P., J r ., Task Leader;  MBA , Univers i ty  of Pennsy lvania , 1955 , Stat i s t i c s ;
P s y c h o m e t r i c  Society.

ZEIDNER , Joseph , Chief , Resea rch  Laboratory;  PhD , Catholic Unive r s i ty  of America , 1954 ,
Psychology;  Member  APA , DCPA , NRC-Vis ion  Committee.
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2E. HUMAN R ESOURCES RESEARCH OFFICE
A lexandria , Virg inia 22314

A. CURRENT WORK PROGRAM’

The HumRRO Work Program is concerned with human fac tors  research in training,
motivation , leadership, and man-weapons  sys tem anal y s i s .  Research  aimed at solving prac-
tical mil i tary  problems is carried on by seven research  groups: the Training Methods Divi-
sion and the Language and Area Training Division in Alexandria , Virg inia and the Armor
Leadership, Infantry ,  Air Defense , and Aviation Human Research Units , located at military
installations across  the count ry .  In addition , a basic research program is being conducted by
several  research groups.  Each research  group provides a Technical Advisory Service to
assis t  the A r m y  in planning implementation of research  results  and to meet other Army
requests .  Exp loratory Studies aimed at identif ying human fac tors  problems likely to arise in
fu tu re  mil i tary ope rations are also being conducted by the research groups.

Following is the list of Tasks and Task objectives , grouped by work categories , for Fis-
cal Year  1964:

Work Category I
Training for E qui pment Ope ration and Maintenance

SYSTEM - Preparation of a Personnel System Development Program
Objective: To prepare  an integrated personnel system development program.

DE VICE - Anal ytic Procedures for  Determining Functional Specifications for  Training Devices
Objective: To develop and evaluate a set of procedures for  determining the need for  and
nature of a training device in a particular training program.

RINGER - Fidelity Requirements for Training Dev ice s
Objective: To determine the degree of effect on task proficiency that occurs when either
fidelity of appearance or fideli ty of function of a training device is altered.

MOSAIC - Studies on Organization and Ope ration of Electronic Maintenance Units
Objective: To develop a method for studying the interaction of the organization and oper-
ation of electronic maintenance units with the units ’ input and output conditions. The
technique will be designed for use in developing new organizational and operational struc-
ture s for  such units , and for evaluating these s tructures in te rms of unit effect iveness.

ECHO - Synthetic Flight Training Programs and Devices
Objective: To survey and evaluate current synthetic flight training in Army Aviation; to
determine experimentally the value of selected flight training devices; and to establish
guidance for effective utilization of flight training devices in present nd future aviation
training curricula.

ROTOR - Implications of Aircraf t  Characteristics and Task Difficulty for Design of Rota ry
Wing Training Devices

Objective: To anal yze the task of helicopter control into basic task dimensions , in rela-
tion to task difficulty, traine r characterist ics and cost, and t r ans fe r  of t r a in ing .

OVERDRIVE - Development of a Training System for an Amphibious Ground Effect Machine
Objective: To develop a training system for the proposed Army amphibious ground effect
machine (GEM).

LOWENTRY - Method s for  improving Navi gation Training for Low Altitude Fli ght
Objective: To improve navigation techniques for low altitude flight and to develop train-
ing methods to teach these skills to aviator personnel.

HELFIRE - Methods for Improving Aerial Gunne ry  Training in the Armed Helicopter
Objective: To develop instructional techniques for improving performance in aerial gun-
nery f rom the armed helicopter.

A -opy of th~ compIec~ Wo r k Program lot I Y  1964 i.. available on requent to the l) ir,-etor , Iluns. ,, Re’.,s,rces Revearch ()llj ce , ~OO N. Wan h-
ington 5 , ,eet , Alenandri ,, Virg inia , 22~ l4. -
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VE-TRAIN - Methods for Improving Training for Automotive Maintenance
~~~~~~~~~ To increase the effectiveness and efficiency of training for Army organiza -
tional automotive maintenance, through advisory services and developmental activitie s.

VIGIL - Methods and Techniques for Improving Performance of Air Defense Missile Operator
Personnel

Objective: To develop a basis for improvements  in ( 1 )  procedures  for  pe r fo rming  a i r
defense missile operator jobs, (2) methods and courses of training for these duties , and
(3)  tests  of job prof ic iency and knowledge.

ARGUS - Analysis of Nuclear Safety Requirements
Objective: To provide an objective basis for evaluation of current nuclear safety require -
ments and procedures  and to improve operational and inspection techni ques where re -
quired .

Work Category 2
Orientation and Training in Army Training Centers

TRANSITION - Human and Organization Factors Affecting the Civilian-Military Transition of
Army Recrui ts

Objective: The over-all aim of this research is to improve the motivation, morale , and
attitudes of the Army recruit so that he will be more willing to learn and to identify with
the Army as an organizatioti. Specificall y, it is proposed to devise and test methods of
improving the management of reception processing, early orientation, and basic training.

NCO - Training of Potential Noncommissioned Officers
Objective: To improve the caliber of noncommissioned off icer  performance in the Army
throug h curricula and techniques designed to develop noncommissioned officers as early
as possible in the i r  Army  careers .

FIGHTER - Factors Related to Effec t iveness  and ineffectiveness of Individuals in Combat
Objective: To develop a systematic  understanding of stre8s as a factor in human per-
formance , with the long-range objective of application of results to improving combat
ef fec t iveness .

SWINGSHIFT - Techniques and Training Methods for Improving Individual and Squad Infantry
Performance in Operations During Limited Visibility

Objective: To increase the individual soldier ’s effectiveness in infantry operations dur-
ing limited visibility by development of improved operating techniques and training
methods . Primary emphasis will be on operations for  which surveillance equ ipment
systems are not likely to be adequate.

RIFLEMAN - Improvement of the Combat Proficiency of the Light Weapons Infantry
Objective: To improve the combat proficiency of the light weapons infantryman by con-
ducting research in the area of Advanced Individual Training (AlT) for this soldier.

CENTER - Improvement of Basic and Advanced lndividual Training and Management Proce-
dure s

Objective: To provide a basis for continuous improvement of the Basic Combat Training -

Advanced Individual Training (BCT-AIT) sequence at Army Training Centers by develop-
ing and assess ing the effects  of new and improved training and management procedures.

Work Cate~ ory 3
Small U nit Trai ning

UNIFECT - Procedures for Increasing the Effectiveness of Small Infantry-Type Units
Objective: To discover and apply princ iples for designing team training that will induce
greater unit esprit, team cohesion, and team efficiency in small infantry-type units; to
test whether such training will (I) carry over to other tasks of the team and (2) affect the
individual soldier ’s behavior when he is assigned to a team other than the one in which
he was trained.

RAID - Method s for Improving the Effectiveness of Small Groups Under Stress
Objective: To improve, through training, the performance of small operational Army
units under adverse conditions.
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RECON - Training Methods and Techni que s for  Improving Combat Readiness of the Armored
Caval ry  Pla t oon

Objective: To develop t ra ining program guidance , instructional aids , and techni ques  t o
improve the over-al l  p rof ic iency  of the Armored  Caval ry  Platoon.

Work  Category 4
Training fo r Leade rship and Command

HIGULEAD - Training for  Leadershi p at Senior Levels of Command
Object ive:  To improve of f icer  t ra ining b y develop ing mater ia ls  desi gned to serve as a
basis for  ins t ruct ion  in leadership at senior levels of command.

LEAD - Development of Tra in ing  for  Improving the Combat Skills of Leaders in Small Infan-
try Units

O~~~~ç~tiv~~: To improve o f f i c e r  t ra in ing in the critical skills required  for  e f fec t ive  combat
leadership in small infant ry  units.

SPANOCON - Human Factors Inf luencing Span of Control Within Mil i tary Organizations
Objective: To explore l eade r sh i p qualit ies related to ability to direct  the activitie s of
a rmor  platoons.

RESOLVE - Procedures for  Const ruct ion  and Use  of War-Game -Like Exerc i ses  for Tra ining
in Decision Making

Objective: To develop methods and techniques for constructing and conducting t ra in ing
war games that simulate the decis ion-making environment of an individual company-grade
off icer  during battle.

Work  Category 5
Language and Remote Area Training

CONTACT - Development of Training Procedures  for  Faste r Acquisit ion of Perishable Tacti-
cal Information From Non-Eng l ish- Speaking P r i soners  of War

Objective: To develop methods for  t raining troops in the acquisi t ion of hi ghl y pe r ishable
tactical information from non-English-speaking prisoners in the combat zone . A course
based on such methods would be intended for  selected combat personnel  whose work
would complement rather than substitute for  the ef for t s  of the hi ghl y t ra ined l inguist-
inte rrogator.

MALT - Construct ion and Evaluation of a Short,  Automated Vietnamese Language Course
Objective: To develop a short, automated instructional course designed to enhance U. S.
Armed Forces language capability in Vietnamese. Such a course would be intended p r i -
man ly for  Military Assistance Training Advisory (MATA ) personnel and others  going to
South Vietnam for whom more extensive language t ra ining is not feasible .

AUTOSPAN - Development and Evaluation of a Self-Instructional Method for Learning a For-
ei gn Language

Objective: To develop and evaluate a self- instruct ional  method for learning a forei gn
language.

REFILL - Field and Laboratory Investigation of Selected Factors in Foreign Language
Learning

Objective: To increase the ef fec t iveness  of forei gn language t raining systems in meet ing
U. S. Army requirements  by studie s on selected factors involved in the language teaching-
learning process.

AREA - Development of Concepts and Techniques in Area Training
Objective: To increase the effectiveness of area training programs by broadening the
concept of area training and by developing improved instructional techni ques.

CIVIC - Problems in Education and Training for Civic Action
Objective: To identify and solve problems in the education and training of United States
and Allied military personnel for civic action.
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MAP - Development of Materials for  Use in Training Personnel for Military Assis tance
Advisory  Duties

Objective: To improve the ef fec t iveness  of mil i tary assistance advisors through the de-
velopment and application of improved techni ques and job-or ien ted  training materials .
These techni ques and t ra ining materials  will facilitate effective working relat ionships
between adv isors  and their  counterparts  in the host military organization.

CULTECH - Technical Training Across  Cultural Ba r r i e r s
Object ive:  To develop improved techni que s for training personnel of underdeveloped
countrie s in the technical skills required  by modern a rmies .

W o r k  Catego~ y~~
Training Technology

METHOD - Develop ing Training Methods Best Suited to Selected Military Training Problems
Objective: To improve rate of learning and stability of military skills in important mili-
tary  t ra ining areas through the development of improved guidelines for  presenting tech-
nical information in Army courses .

- 
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2E. HUMAN R ESOURCES RESEARCH OFFICE
BIBLIOGRAPHY OF PUBLICATIONS SINCE

LAST CONFEREN CE REPORT *

1 . HurnRRO Publications t

Technical Reports

Report
No.

80 Low Altitude Aerial Observation: An Experimental Course of Instruction, by Francis
H. Thomas, October 1962 (Task OBSERVE I).

Training Materials for  Aerial  Observer  Instruction in Basic Visual Skills, by Capt.
James M. Hesson and Francis  H. Thomas , October 1962 (Supplement to Technical
Report 80, Task OBSERVE I).

81 Per formance  Evaluation of Li ght Weapons Infan t rymen (MOS 111 .0), Graduates of
the Advanced Individual Training Course (ATP 7 - 1 7 ) ,  by T. F. Nichols , J. S. Ward ,
N. I. Fooks , F. L. Brown , and H. S. Rosenqui~-t , D e c e m b e r l9 6 2 ( T a s k  RIFLEMAN Ill).

82 Improving Tactical Training for  Tank Commanders:  Test Development and Perform-
ance Assessmen t,  b y Shepard Schwartz and Ar thur  Floyd , J r . ,  March l96~ (Task
TANKER).

83 The Prediction of Training Requirements for Future Weapon Systems:  A Personnel
Support System Research and Development Process, by J. C. Rupe, April 1963 (Task
UPSTREAM III).

84 A Program of Leadership Instruction for Junior Off icers ,  by T. 0. Jacob s , June 1963
(Task OFFTRAIN IV ).

85 A Filter Method of Adjusting PPI’ s, b y Robert D. Baldwin and A . Dean Wri ght. June
1963 (For Official Use Onl y) (Task VIGIL II).

Research Reports

1 A Stud y of Leadership in Army Infantry Platoons , by Carl J. Lange , Vincent Campbell ,
Robert V. Katter , and Fred J. Shanley, November 1958 , reissued June 1963 (Task
OFFTRAIN II).

5 Leade rship in Army Infantry Platoons: Study II, by Carl J. Lange and T. 0. Jacobs ,
July 1960, reissued (with minor changes) June 1963 (Task OFFTRAIN III).

10 Experimental Studies of Psychological Stress in Man, by Mitchell M. Berkun , Hilton
M. Bialek , Richard P. Kern , and Kan Yagi, Decembe r 1962 (Task FIGHTER IV).

1 1 Vigilance Performance as a Function of Task and Environmental Variables , by Bruce
0. Bergum and Donald J. Lehr , May 1963 (Task VIGIL IV).

12 Avoidance of Commitment and Need for Closure as Determinants of Behavior in
Decision Situations, by R ichard Snyder and Judson Mills , June 1963 (Task CAREER
III).

Research Bulletin

9 What HumRRO is Doing, September 1962.

compi led ~e, of 30 June 1963.
tIf il~l.~ gr.ph of llun.R R() public .~~’n.. I.. avail.,ble n request n, t he I)irect,,r , h uman Reso urc es Research Office , 300 North Washingt on Street ,

Ale,andri.. , V.. 22 314 .
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Training Manuals

A Guide for  the Potential Noncommissioned Officer (3d edition), U. S. Army Leader-
shi p Human Research  Uni t ,  Presidio of Monterey ,  Calif . ,  December 1961 (Task
NCO 11) .

Research  Memoranda

The Effec t iveness  of Visual Demonstrations of Signs of Malfunction and Wear in
E qui pment ( r ev i sed ) ,  by Donald F. Haggard and Ronald G. Shock , U.  S. Army Armor
Human Research Unit, Fort Knox , Ky., May 1962 (Task MOBILIT Y Vi) .

Target  Detection: Stud y 3, The Relative Usefulness of Active Participation and Ver-
bal Description Techniques  in Target  Detection Training,  by Peter C. Wolff and
Joseph Van Loo , U. S. A r m y  Armor  Human Research  Unit , Fort Knox , Ky. ,  Jul y 1962
(Task FIREPOWER IV) .

Target Detection: Stud y 6, The Effects of Schedule s of Collective Reinforcement  on
a Class During Training in Target Detection, by Peter C. W olff , David D. Burn ste in ,
and Joseph A . Van Loo , U. S. A r m y  Armor  Human Resea rch Unit , Fort Knox , K y.,
Jul y 1962 (Task FIREPOWER IV) .

Training Methods for Simulators of Remote Control  Human-Guided  Missi le Sy stems:
1. A Comparative Evaluation of Component Skill and Tota l Skill Training Exercises,
by Donald F. Haggard , U. S. Army Armor Human Pese arch Unit, Fort Knox, Ky.,
Jul y 1962 (Task FIREPOWER VII).

Training Research on Low Altitude Visual Aer ia l  Observat ion:  A Description of
Five Field Exper iments,  b y Francis  H. Thomas and Paul W . Caro , Jr .,  U. S. Army
Aviation Human Research Unit, Fort Rucker , Ala., July 1962 (Task OBSERVE 1).

Target Detection: Study 7, Partial Point-Out of Targets as Collective Reinforcement
in Group Target Detection Training, by Peter C. Wolff , Joseph A. Van Loo, and
David D. Burnstein , U .S .  Army  Armor  Human Research Unit , Fort Knox , Ky .,  August
1962 (Task FIREPOWER IV).

Training Methods for Simulators of Remote Control Human-Guided Missile Systems:
2. An Experimental Comparison of Three ATGM Gunner Training Programs (U),  by
Donald F. Haggard , U .  S. Army Armor Human Research Unit , Fort Knox , Ky.,  August
1962 (CONFIDENTIAL) (Task FIREPOWER VII) .

Unconventional Warfare: An Annotated Bibliography of Paperback Books, by Franklin
Mark Osanka, Director ’s Office , HumRRO , August 1962 (Task SPECIAL).

Flash Localization and Reticle Design, by Alfred J. Kraemer, David L. Easley, and
Meredith J. Hall, U. S. Army Armor Human Research Unit, Fort Knox, Ky., Octob er
1962 (Task ARMORNITE XI).

Some Determinants of Small-Group Effectiveness (revised), by Clay E. George,
U. S. Army Infantry Human Research Unit, Fort Benning, Ga., October 1962 (Task
UN IFECT~ .

A Bibliography on the Role of Air Power in Guerrilla and Counterguerrilla Opera-
tions , by Franklin Mark Osanka, Director ’s Offi ce, HumRRO , Novembe r 1962 (Task
SPECIAL).

Counter insurgency Training:  A Selected Subject Bibliograph y, by Franklin Mark
Osanka, Director’s Off ice , HumRRO, November 1962 (Task SPECIAL).

Method s and Devices for Teaching Data Flow to Electronic Maintenance Personnel,
A. James Mckni ght (ed.) ,  Training Methods Division , HumRRO , November 1962
(Task TRACE I).

Organizing the Presentation of Concepts in Education and Training:  The Lattice
Techni que, Training Methods Division , HumRRO , November  1962 (Task  METHOD I) .
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Application of a Method of Evaluat ing Tra in ing ,  b y John A . Cox , U.  S. A r my  A i r
Defense  Human  R ec e a r c h  Uni t , Fort  Bliss , Tex . ,  November  1962 (Task  T R A D E R  I) .

Guerri l la  W a r f a r e  Rea~~~ g~~, F r a n k l i n  Mark  Osanka (ed . ) , D i rec to r ’ s Off ice , ll u m R R O ,
December  l96 .~ (Task SPECIAL).

The Feas ib i l i ty  of Develop in g a Task C l a s s i f i c a t i o n  S t ruc tu re  fo r  Or d er i _T rai~~~ j~
P r i n c iples and Tr a i n i n g Con te~nt, b y Donald F . Haggard , U .  S. A r m y Ar m o r  H u m a n
Research  Uni t , Fort Knox , K y. ,  J anuary  1963 (PIONEER VIII , Ba ’~i c R e s e a r c h
Pro j ec t ) .

A Survey  of Problems in the Tactical T ra in ing  of Cava l ry  Platoons,  b y John G . Cook ,
- U .  S. Ar my Armor  Human Research  Uni t ,  Fort  Knox , K y . ,  J anua ry  19( ~3 (For  Off ic ia l

U s e  Onl y )  (Task  UNIT lii).

An Exper imen ta l  Approach to Tactical In te r roga t ion,  b y Hil ton M . Bia lek , J rald N.
Walke r , and Joanne J .  Hood , U .  S. A r m y  Leadersh i p Human Resea rch  Uni t , Pres idio
of M on t e r e y ,  Cal i f . ,  F e b r u a r y  1~~~3 (Task  QUIZ II) .

Pilot Studies of Team Ef fec t iveness,  b y Clay E. George,  George R. Hoak , and J ohn
Boutwell , U.  S. Army In fan t ry  Human Resea rch  Uni t ,  Fort B e n n i n g ,  Ga., F eb r u a r y
19~~3 (Task  UNIFECT I) .

C o mp a r i s o n  of Random Pairs  and Real Pa i rs  on a Simple Audi to r y Cou nt ing  Task
( r e v i s e d ) ,  by Seward  Smith , Donald B. Murp h y,  George L . Hampton , Ray Bernardo ,
and Ha r ry  A . Burd ick,  U.  S. A r m y  Leadersh ip Human Resea rch  Unit , Pres idio of
M o n t e r e y ,  Ca l i fo rn ia , March  1963 (Task Raid I).

The Developnie i~t and Evaluat ion of the Taxt k Platoon Combat Read iness  Check,  b y
Robert  A . Bake r ~ nd John C. Cook , U.  S. A r m y  Armor  Human R e s e a r c h  Unit ,  Fort
Knox , K y . ,  Apri l  i~~~~t ,3 ( r a s k  UNIT I).

The E f f e c t s  of iw o  T ype s of Coordinate Sy s t e m s  on Localization of Periphe ral Li ght
Flashe s, by Alf red  J .  Kraeme r and David L . Eas ley ,  U. S. A r m y  Armor  Human Re-
search Un i t ,  Fort  Knox , Ky . ,  A pril 1963 (Task ARMORNITE XI) .

F’actors  in Civic Action:  A Selected Annotated Bibliograp h y, by Rober t  J.
Foste r , with the technical  ass i s tance  of Charnel  Ande r son , Rober t  D. N yc , and Shel-
don Smith , Language and Area Tra in ing  Division , HumRRO , June 1963 (Task CIVIC) .

Consul t ing  Repor ts

Human Factors  Evalua t ion  of the Tank ,  Combat Full Tracked:  lO5mm Gun, M60 .  by
Donald F. Ha,~gard and Alber t  R. Wi ght ,  U. S. A r m y  Armor  Human Resea rch  Uni t ,
Fort Knox , K y . .  F e b r u a r y  196 1 ( T a s k  F I R E P O W E R  VIII ) .

The Text of an Orientat ion Workshop in Automated Instruct ion,  by Will iam H. Meich-
in g , John A. Cox , Jesse C. Rupe , and Rober t  G. Smith , J r .,  U. S. A rmy Ai r De f e n s e
Human Resea rch  Uni t , Fort Bliss , Tex . ,  Jul y 1962 (Task T E X T R U C T  Il).

A System of Fli ght T ra in ing  Quality Control and Its Appli cation to Helicopte r Train-
~~g (supplement to Technical  Report  77 , Imp roving Fli ght P ro f i c i ency  E valuat ion in
A r my  Helicopter  Pilot Tra in ing ), b y John 0. Duff y and Carrol l  M. Col gan , U.  S. A r m y
Aviation Human Resea rch  Unit , Fort  Rucker , Ala . ,  June 1963 (Task  LIFT IV ) .

2. Papers and Articles by HumRRO Personnel

Amm e r m a n , H a r r y  L., “Descr iption of Supervisory  J obs , ” paper read at mt ’ct ing of
MPA , 1963 ( U .  S. A r m y  Air  Defense Human Resea rch  Uni t ) .

Baker, Robert A., Ware , J. Roger , and Sipowicz , Raymond R., “Sustained Vigilance I -

Si gnal Detection During a 24-Hour  Continuous Watch , ” Psychol. Rec , .  vo l. 12 , no. 3 ,
Jul y 1962 (U.  S. A r m y  A r m o r  Human Research  U n i t ) .

Baker , Robert A., Ware, 3. Roger , and Sipowicz , Raymond R . ,  “Vi gi lance:  A Compar i son
in Audi to ry ,  Visual , and Combined Audio-Visua l  Tasks , ” Canadian  J. Psych o l . ,  vol.
16 , no. 3 , Septembe r 1962 (U.  S. A r m y  A r m o r  Human R e s e a r c h  U n i t ) .
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Ber gum , Bruce 0. and Lehr , Donald 3 . ,  “Vi gilance Performance as a Function of Paired
Monitoring, ” 3. App I. P sychol ., vol . 46 , no. 5 , Octobe r 19 62 ( U .  S. Army Air Defense
Human Research Un it).

Bergum . Bruce 0. and Lehr , Donald J . ,  “Vi gilance Performance as a Function of Inter-
polated Rest , ” J . App l. P sychol. , vol. 46 , no. 6 , December 1962 ( U .  S. Arm y Air
Defense Human Resea rch Unit).

Bergum , Br uce 0. and Lehr , Donal d J . ,  “The Effects  of Authoritarianism on Vi gilance
Performance , ” J. App I. Psychol ., vol. 47 , no. 1 , February 1963 (0 .  S. Arm y Air
Defense Hu ma n Research Unit ).

Berkun , Mitchell M .,  “Urinary Responses to Psycholog ical Stresses , ” pape r read at
meeting of Society for Psychophysiolog ical Research , Denver , October 1962 ( U .  S.
Army Leadership Human Research Unit).

Capretta , Patrick J .  and Berkun , Mitchell M . ,  “Validity and Reliability of Certain Meas-
ures of Psychological Stre sa , ” Psychol. Reports , vol . 10 , no. 3 , June 1962 ( U .  S.
Army Leadership Human Research Uni t ) .

Coleman , Edmund B.,  “Im proving Comprehensibility by Shortening Sentences , ’ 3. Appi.
Psychol ., vol . 46 , no. 2 , February 196 2  ( U .  S. Army Air Defense Human Research
Unit) .

Cox , John A ., “A pplication of a Method of Evaluating Training, ” paper read at meeting of
Texas Psycholog ical Association , December 1962 (U.  S. Army Air Defense Human
Research Unit) .

Crawford , Meredith P., “The Role of Hum RRO as It Relat es to the School System , ” Re-
port of School Commandants ’ Conference , Hq. USCONARC , Fort Monroe , Va. ,  August
1962 (Director ’ s Office, Hum RRO) .

Crawford , Meredith P ., “The Engineering of Training, ” paper presented at 8th AHFE
Conference , U. S. Army Infantry Center , Fort Benning, October 1962 (Director ’ s
Office , H u mRRO).

Crawford , Meredith P. ,  “Practical Aspects of the Behavioral Sciences , ” invited lecture
before the Washington Academ y of Sciences , November 1962 (Director ’ s Office ,
HumR R O).

Crawford , Meredith P. , “The Role of HumRRO in Relation to the ATC’ s , ” (U) ,  in Report ,
U. S. Army Training Canters Commanders Conferen ce, Convened at Fort Jackson ,
S. C. , 19-22  March 1963 ,  Head quarters , U.  S. Continenta l Army Command , Fort
Monroe , Va.,  1963 (CONF IDENTIAL) (Director ’ s Office , Hum RRO).

Duff y, John 0. and Jolley, Maj . Oran B., USA Ret. ,  “Briefing (Task LIFT), ” presented at
1 5th Annual International Air Safety Seminar , Williamsbur g, Va ., December 1962
(U.  S. Army Aviation Human Research Unit) .

Easley, David L. and Ja ckson , M yles A., “The Effect of Flash Duration on the Localiza-
tion of Peri pheral Li ght Flashes , ” paper read at meeting of SEPA , 1963 ( U .  S. Army
Armor Human Research Unit).

Goffard , S. James , “Training for Performance Under Stress, ” paper read at meeting of
District of Columbia Psycholo g ical Association , May 1962 (Director ’ s Office ,
Hu mRRO ),

Haid , Donald J . ,  “New Project Task ‘Helfire ’ , ” Army Aviation, September 1962 (U.  S.
Army Aviation Human Research Unit).

Haid , Maj . Donald 3 . ,  “A Discussion of U.  S. Army Aircraft Armament Pro gram , ” paper
read at meeting of American Helicopter Society, May 1963 (U.  S. Army Aviation
Human Research Unit) ,

Haver land , Ed gar M . ,  “Job Objectives and Motivation ,” paper read at meeting of SWPA ,
1963 (U.  S. Army Air Defense Human Research Unit).
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Jacobs, T. 0. and Clark, Lt. Col. Lyman H., “OFFTRAIN: Studies in Leadership and
Leade r shi p Tra in ing , ” b r ie f ing  at USCONARC , December  1961 (U.  S. Army  Infa nt ry
Human Resea rch  Uni t ) .

John son , Rober t  H ., Gordon , Donald A ., Bergum , Bruce 0., and Patterson , Wayne E .,
‘ COED - A Device for  the Exper imental  Stud y of Man-Machine  Sys tems , ” J. Human
Factors Soc., vol . 3 , no. 1 , March 1961 ( U .  S. Army Air Defense Human Research
Uni t ) .

Kell y , Col. Henry  E. ,  USA Ret . ,  “ Infan t ry  Combat Training, ” Infantry ,  vol. 52 , no. 6 ,
November -December  1962 ( U .  S. A r m y  Infa nt ry  Human Research  Uni t ) .

Kell y, Col. Henry  E . ,  USA Ret,  and Brown , Lt. Col. Frank L., AUS Ret. ,  “The Quick or
Dead , ” Infantry,  vol . 53 , no. 2 , M a r c h - April 1963 ( U .  S. Army  Infantry Human Re-
search Uni t ) .

Lange , Carl J ., “Cur ren t  Views on Psychology and Leadership, ” pape r read at U. S. Mil-
i tary  Academy, December  1962 (U .  S. Army Infantry Human Research  Unit) .

Lewis , J ohn W . and McKni ght , A . James , “Human Factors in the Air Cushion Vehicles
(ACV) , ” paper read at meeting of Human Factors Society, New York , November  1962
(Tra in ing  Methods Divi. , ion).

McC lelland , William A ., ‘ Some Contributions of Tra in ing  Research to the Personnel
Sys tems Concept, ” in Tn -Service Conference  on New Approaches to Personnel-
Sys t ems_R e s e a r c h, ONR Symposium Repor t  A C R - 7 6 , Washington , May 1962 (Direc-
tor ’ s Office , HumRRO).

McClelland , William A., “Training Research in the United States Army, ” paper presented
at the Training Conference  for the National Security Industrial  Association, Fort
Bliss , Tex . ,  February  1963 (Director ’ s Office , HumRRO).

Melching,  William H., “Programmed Ins t ruc t ion- -Where  We Are Today in the Mil i tary, ”
paper read at meeting of Texas Psychological Association, December 1962 (U.  S.
Army Air Defense Human Resea rch  Uni t ) .

Monty, Richard A ., “Auditory Perception of Numerosi ty  as Affected by Number and by
Correct and Incorrect Knowledge of Results , ” Human Factors,  August 1962 (U.  S.
Army Leadership Human Research  Uni t ) .

Murphy, Donald B. and Myers , Thomas I ., “The Occurrence , Measurement  and Experi-
mental Mani pulation of Visual ‘ Hallucinations ’ , ” Percept.  Mot. Skills , vol. 15 , no. 1 ,
August  1962 (U.  S. Army Leadership Human Research Uni t ) .

Murphy, Donald B ., Hampton , George L. III, and Myers, Thomas I., “Time Estimation
E r r o r  as a Predictor of Endurance in Sustained Sensory Deprivation ,” pape r read at
meeting of APA , 1962 (U.  S. Army Leadership Human Research Unit) .

Myers , Thomas I ., Murp h y, Donald B., and Ter ry ,  Donald F., “The Role of Expectance in
Ss ’ Responses to Sustained Sensory Deprivation,” paper read at meeting of APA ,
1962 (U. S. Army Leadership Human Research Unit).

Myers , Thomas I. and Murphy, Donald B., “Reported Visual Sensation During Brief Expo-
sure to Reduced Sensory Input , ” Chapter 10 in Hallucinations , Louis Jo l yon West
(ed . ) ,  Grune & Stratton , New York and London , 1962 ( 13 . S. Arm y Leadershi p Human
Research Unit).

Nichols , T .  F. and Ward . J .  S., “Evaluating Proficiency in the Use and the Maintenance
of Infantry Weapons , ” paper presented at 8th Annual AHFE Conference , U.  S. Army
Infantry Center , Fort Benning, October 1962 (U.  S. Army Infantry Human Research
Unit).

Osborn , William C.,  Sheldon , Richard W . ,  and Bake r , Robert A ., “Vi gilance Performance
Under Conditions of Redundant and Nonredundant Signal Presentation , ” J. Appl.
P8ychol . ,  vol . 47 , no. 2 , April 1963 (U.  S. Army Armor Human Research Unit).
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Parrott, Marvin . “$600 Tanks Embatt led , ” Army,  vol. 13 , no. 6 , January  1963 (U . S .  A r m y
Armor  Human Research  Un i t ) .

Powe rs , T. R., “Integrative Behavior Versus Individual Skill Measurement as Predictors
uf Navigational Performance ,” pape r read at meeting of APA , 1962 (U. S. Arm y
in fan t ry  Human Research  U nit) .

Powers , Theodore R., “The Assessment of Human Factors in Land Navigational Ability,”
paper presented  at 8th Annual AHFE Conference , U. S. A r m y  Infantry Center .  Fort
Benning , October 1962 (U. S. Army Infantry Human Research Unit).

Prophet , Wallace W..  “Helicopte r Formation Fl ying, ” U. S. Army Aviation Di gest, vol. 9,
no. 2 . Feb rua ry  1963 ( U .  S. Army Aviation Human Research Unit ) .

Rotbeng,  Iris C. and Woolman , Myron , “Verbal  Paired Associate Learning as a Function
of Group ing Similar Stimuli or Responses , ” 3. Exp . Psychol.,  vol . 65 , no. 1, January
1963 (Tra in ing Methods Divis ion) .

Rupe , 3. C., “The Prediction of Training Requirements for Future Weapon Systems,”
paper  read at meeting of Human Fac to r s  Society, New York , November 1962 (U.  S.
A r m y  Ai r  Defense  Human Research  U ni t ) .

Sipowicz , Raymond R., Ware , J. Roger , and Baker, Robert A ., “The Effects of Reward
and K nowled ge of Resu l t s  on the Per formance  of a Simple Vi gilance Task ,” J. Exp.
P sychol . ,  vol . 64 , no. 1 , Jul y 1962 ( U .  S. Army Armor  Human Research  Unit) .

Smith , Rober t  G.,  J r . ,  “Programmed Ins t ruc t ion  and the Technology of Tra in ing, ” paper
read at meet ing of National Society for Programmed Instruction , March 1963 (Direc -
tor ’s Office , HumRRO).

Smith , Seward , Myers , Thomas I., and Murp h y, Donald B., “Activi ty Pat tern and Rest-
lessness  Dur ing  Sustained Sensory Deprivation , ” paper read at meeting of APA , 1962
(U.  S. A r m y  Leadersh ip Human Resea rch  Uni t ) .

Valiance , Theodore R .,  “The Guiding Assumptions  of Liberal Arts Programming: A Psy-
cholog ist ’ s View , ” J. Hi gher  Educ ., vol. XXXIII , no. 4 , April 1963 (Director ’ s Office ,
Hum RRO) .

Valiance , Theodore R. and Windle , Charles D., “Cultural Eng ineer ing, ” Military Review,
vol. XLII , no. 12 , December  1962 (Direc tor ’ s Office , HumRRO).

Ware , J. Roger , Kowal , Boy d , and Baker , Robert  A., “The Effec ts  of Verbal  and Non-
verbal Knowled ge of Resul ts  on Detection Performance , ” paper read at meeting of
MWPA , 1963 ( U .  S. A r m y  Armor  Human Research Uni t ) .

Willard , Norman , J r . ,  “Cr i te r ia  for Career  Force Structure ,” paper presented at Inter-
Se rvice Conference  on Techni que s for Determining the Military Career  Force Struc-
ture , May 1963 ( U .  S. A r m y  Armor  Human Research Uni t ) .

Willa rd , N o”m an , J r . ,  “Pres ident ia l  Address , ” read at meeting of Kentuck y Psycholog ical
Associat ion , May 1963 ( U .  S. A r m y  Armor  Human Research  Uni t ) .

Windle , Charles D., “Euthenics and Eugenics ,” paper read at meeting of APA , 1962
(Director ’ s Office, HumRRO).

Windle , Char les  D . and Valiance , T. R. ,  “Optimizing Military Ass is tance  Training, ”
World Poli t ics,  vol. XV , no. i , October 1962 (Di rec tor ’ s Office , HumRRO) .

Wolff , Peter C. ,  Burns te in , David D., and Cannon , Dennis L., “The Effects of DRL and
DRH Schedules of Reinforcement in Shaping the Collective Response Rate of Two-
and Three-Man Teams , ” paper read at meeting of APA , 1962 (U.  S. Army Armor
H u m a n  Research Unit).

Wolff, Peter C., Burnstein , David D., and Van Loo, Joseph A ., “Effects of Schedules of
Collective Reinforcement on a Class During a Target Detection Course ,” Percept.
Mot. Skills, vol. 15 , no. 3 , December 1962 ( U .  S. Army Armor  Human Research Unit) .
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Wolff , Peter C., Burns tejn , David D., Haggard , Donald F., and Van Loo, Joseph A.,
“Group Training With Active Participation : Some Methodolog ical Limitations , ”
Percept. Mot. Skill., vol . 16 , no. 1; Februa ry 1963 (U. S. Army Armor Human
Re.earc h Unit).

Wood , Robert 0., Jr., “Reversibility of the After- Images of Ambi guous Figures , ” paper
read at meeting of Texa s Psycholog ical Association , December 1962 (U.  S. Army
Air Defense Human Research Unit).

Wri ght, A. D. and Baldwin , R . D.. “Target Detectability on an A-T ype Radar Display as
a Function of Horizontal and Vertical Video Amplification, ” pape r read at meeting of
APA , 1962 (U.  S. Arm y Air Defense Human Research Unit).

Wri ght , Robert H. and Nichols , Kenneth M. , “Human Processing of Olfactory Information, ”
paper read at Bionics Symposium, Wri ght-Patterson Air Force Base , March 1963
(U. S. Army Aviation Human Research Unit).
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2K HUMAN R ESOURCES RESEARCH OFFICE
BIOGRAPHICAL DIRECTORY OF PRO FESSIONAL PERSONNEL

23 Jul y 1963

Office of the Director

Name Title Degree Year School Primary Field

Cogan , E. A. Sr. Staff S d .  PhD 51 U.  C. L. A. Psychology
Crawford , M . P. Director , HumRRO PhD 35 Columbia Univ. Psychology
Goffa rd , S. 3 . Sr. Staff Sci. PhD 49 U. of Minnesota Psycho logy
Hayes , J. F. Research Aset. MS 59 Purdue Univ. Sociology
Lavisk y, Saul Senior Scientist MA 61 U.  So. Carolina Journalism
McC lelland , W . A . Deputy Director PhD 48 U. of Minnesota Psychology
McFann , H. H. Deputy Director PhD 52 St. U. of Iowa Psychology
Rupe. J .  C. Sr. Scientist PhD 50 Pu rdue Univ. Indus. Pay.
Smith , R . G., J r .  Sr. Staff Sci. PhD 50 U. of illinois Psychology
Snyder , R. Sr. Scientist PhD 52 M. I. T. Psychology
Williams , W. L ,,  Jr .  Sr. Staff Sci. PhI) 55 Univ. of Tenn . Indu s. Pay.
Zook , L, M. Sr. Scientist AB 30 Univ. of iowa Journalism

Training Methods Division

Bloxom , M. Research Asst . MA 56 Ohio State U.  Psychology
Butler, P. Research Assoc . MA 57 13. So. Carolina Psychology
deHaan. H. 3. Research Scien. PhD 60 U. of Pittsburg h Psychology
Fink , C. D. Research Scien. PhD 58 U. of Col orado Psychology
Gebhard , R. Research Scien. MA 58 U. of Minnesota Psychology
Lyons , 3. D. Dir, of Research PhD 53 U. of illinois Psychology
MacCas lin , E. Sr. Scientist PhD 53 Univ. of Texa s Psycholo gy
McK night , A. 3 . Sr. Scientist PhD 57 U. of Min nesota Psychology
Montague , W . Research Scien. MA 52 Geo. Wash. Univ. Psychology
Seidel , R . Research Scien. PhD 57 U. of Penns ylvania Psychology
Trexler, R. Sr. Technician AB 55 Wash. & Jeff . CoU . Elec. Engr.
Vineberg, R. Sr. Staff Sd .  PhD 52 New York Univ. Psychology
Rotberg , iris Consultant PhD 58 Johns Hopkins Psychology
Shriver , E. L. Sr. Staff S d .  PhD 53 U. of Pittsburg h Psychology

Language and Area Training Division

Brown. 0. Sr. Scientist PhD 52 New York Univ . Psychology
Cla rk , J .. Research Assoc. MA 61 U. of Kentuck y Psychology
Fiks , A. I. Research Scien. PhD 62 Purdue Univ Indus. P ay.
Foster , R . J .  Research Scien. PhD 60 Univ. of Texas Psychology
Froeh lich, D. K. Research Scien. PhD 61 U. of Illinois Psychology
Garvey, K. Research Scien. PhD 58 Univ. of Texas Linguistics
Hoehn , A. J .  Dir, of Research PhD 51 U. of illinois Educ , Psych.
Kraemer . A. 3. Sr. Staff Sci. PhD 56 Vanderbilt U. Psychology
Leed y, H. B. Research Scien. PhD 63 Purdue Univ. Psychology
McCrary , 3. Research Scien. PhD 61 Brown Univ. Psychology
Niehoff, A, H. Research Scien. PhD 57 Columbia Univ. Anthropology
Rockl yn . E. H. Sr. Scientist PhD 56 U.  of Pittsburgh Psychology
Stewart, E. C. P. Research Scien. PhD 56 Univ. of Texa s Psychology

Armor Human Research Unit

Battrick , W. T. Sr. Technician MA 39 U. of Colorado Eng. Lit ,
Baker , R. Sr. Staff S d .  PhD 52 Sta nford Univ. Psychology
Cannon , L. D. Sr. Scientist PhD 59 Purdue Univ. Clin. P sy.
Cook, J .  Sr. Technician - - -• - - MU. Ops.
Dru cker, E, Research Assoc. MA 58 U. of Kentuck y Psychology
Ea sley, D. Sr. Scientist PhD 56 Vanderbilt U. Psychology
Fightmaster . W. Research Scien. MA 54 U. of Louisville Psychology
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Name Title Degree Year School Pr imary Field

Armor Human Research Unit (Cont’d)

Goodman, B. Research Assoc. MS 60 U. of Michi gan Mathemat ics
Haggard , D. Sr . Scientist PhD 56 St. U. of Iowa Psychology
Miller,  A. Research Scien. PhD 61 U. No. Carolina Psychology
Miller , E. E. Sr. Scientist PhD 58 U.  of Minnesota Psychology
Osborn , W , Research Assoc. MS 59 Purdue Univ.  Indus. Psy.
Pickett . 3. C. Research  Asst. MS 61 Purdue Univ. Exper .  Psy.
Schwartz , S. Sr. Scientist BA 33 Long Island U.  Ge rman
Sheldon , R. Research Scien. PhD 61 St. U. of Iowa Psychology
Smith, J. P. Sr. Scientist PhD 54 Ohio State U. Education
Willard , N. Dir, of Research PhD 54 U. of Minnesota Psychology
Whitmore , P. G., J r .  Research Scien. PhD 56 U. of Tennessee Psychology

Leadership Human Research Unit

Batten , D. E. Research Assoc. PhD 61 Washington St. U.  Psychology
Berkun , M. Sr. Scientist PhD 56 Yale Univers i ty  Psychology
Bialek , H. M. Sr. Scientist PhD 57 Claremont Coil. Psychology
Burdick , H. Research Scien. PhD 57 U. of Michigan Sociology
Cay lor , J . Sr. Scientist PhD 56 U. of Michi gan Soc. Psy.
Gay, G. 0. Sr. Technician - - - - - - Device Engr.
Hood , J.  3. Research Assoc. PhD 61 Ohio State U. Psychology
Hood , P. D. Sr. Staff Sci. PhD 53 Ohio State U. Psychology
Kern , R. Sr . Scientist PhD 53 St. U. of Iowa Clin. Psy.
Knox , R. E. Research Scien. PhD 62 U. of Oregon Psychology
Nichol s , T. F. Sr. Staff Sci. PhD 55 U. of California Psychology
Sebree , E. Sr. Technician BS 19 West Point Eng ineering
Showel , M. Sr. Scientist PhD 52 Washington St. U. Sociology
Tay lor , 3. E. Dir,  of Research PhD 53 St. U. of Iowa Psychology
Viljoen , B. Technician - - - - - - Device Engr.
Walker , J. Research Scien. PhD 61 U. of Washington Psychology
Yag i , K. Research Assoc. MS 58 UnIv. of Utah Psychology

Infantry  Human Research Unit

Brown , F. Research Assoc. BS 56 Clarion Tch. Col. Education
Brown . R. Research Scien. PhD 60 S. illinois U . Psychology
Fooks , N. Sr. Technician BS 27 West Point Eng ineering
George , C. Research Scien. PhD 62 U. of Houston Psychology
Galloway, W. D . Research Assoc. MA 63 Louisiana St. U. Psychology
Hallowell , C. A . Research Asst.  MS 62 U. of Georgia Psychology
Har r i s , L. K. Technician - - -- - - Device Engr .
Jacobs , T . 0. Sr. Staff Sd .  PhD 56 U. of Pittsburgh Psychology
Kell y, H. Sr. Technician - - - - - - Mil. Ops.
Lange . C. J. Dir,  of Research PhD 51 U. of Pittsburgh Psychology
McCrystal , T. Research Scien. MA 59 U. of Kentucky Exper.  Psy.
McRae , A. V. Research Assoc. MA 60 U. of Texas Psychology
Olmstead , J . Sr. Scientist PhD 56 U. of Texas Soc . Psy.
Powers , T. Research Scien. MA 56 U. of Kentucky Exper .  Psy.
Ward , 3. Research Scien. PhD 62 Tulane Univ.  Psychology

Air  Defense Human Research Unit

A m m e r m a n, H. Research Scien. PhD 60 Purdue Univ. Psychology
Baldwin , R . Dir,  of Research PhD 54 Univ.  of Iowa Psychology
Bergum , B. Sr. Scientist PhD 58 Northwestern U . Psychology
Burrel l , W . Technician BS 40 Kansas St. Coil . Mech. Eng r .
Cox , J ,  Sr. Scientist PhD 54 Univ. of Texa s Educ. Pay.
Chris tensen, H. Research Assoc. MS 60 Univ .  of Utah Educ.  Psy.
Follettie , 3. Sr. Scientist PhD 6 1 Tulane Univ ,  Psychology
Fredericksen, E. W. Research Assoc. MA 6 1 Bay lor Univ.  Indus.  Pay .
Harr is , J. Research Assoc . BSC 54 U. of Louisville Bus. Admin .
Have rland, E. - Sr. Scientist PhD 54 U.  of illinois Psychology
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Name Title Degree Year  School Pr imary Field

Air Defense 1-fuman Research Unit ~Cont’d)

Kubala, A . L . Research Scien. PhD 56 U. of Texa s Psy. -Math .
Melchin g , W , Sr. Scientist PhD 53 U. C. L. A . Psychology
Montgomery . R. Sr. Technician BS 59 Cal. Inst. Tech. Physics
Polvogt, C. W. Sr. Technician BS 51 U. of Texas Art
Rogers , J. Sr. Scientist PhD 56 Emory Univ. Psychology
Solem , A. Sr. Technician BS 27 West Point Eng ineering
Thorne , H. W. Sr. Technician - - - - - - Device Engr.
Wesemann , A . Research Asst. MA 59 Ohio State U. Psychology
Wood , R . 0. , J r .  Research Asst.  M S  62 Trini ty Univ. Psychology
Wri ght . A. D. Research Scien. MS 59 Ft. Hays Kansas

State Coil. Exp. Psy.

Aviation Hun-ian Research Unit

Blohm , J. Technician -- -- -- Mil, Ops.
Boney,  W. Research  Assoc. BA 61 Furman Coll . Psychology
Boyd, W , Research Assoc . MS 61 N. C. St. Coil. Indus. Psy.
Caro , P. W. Research Scien. PhD 61 U. of Tennessee Psychology
Dawkins , P. Research Scien. PhD 57 U. of Texas Psychology
Duff y . J. Research Assoc. MA 53 U. of Florida Psychology
Edmond s , E .- Research Asst .  MS 61 Auburn Univ. Psychology
Jolley, 0. Sr. Technician - - - - - - M u .  Ops.
Prophet , W. W . Dir,  of Research PhD 58 U. of Florida Psychology
Schulz , R . Research Assoc. MA 58 Michigan St. U. Psychology
Thoma s , F. Sr. Staff Sci. PhD 53 Cornell Univ . Psychology
Wailer , T. C. Research Assoc. MS 61 Miss. So. Coil. Psychology
Wri ght . R . Research Scien. PhD 62 Purdue Univ. Exper. Psy.
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2F. SPECIAL OPERATIONS RESEARCH OFFICE
Was hingto n. D.C. 20016

A . CURRENT WORK PROGRAM *

The SORO Research and Development Work Program is concerned with the conduct of
human factors research on problems of understandin g, affectin g or supporting forei gn peop les
and societies. Research is carri ed on primarily at the home office in Washin gton. A field
unit has been established at the U. S. Army Special Warfare Center . Fort Bragg, N. C. Other
field units will be activated in the fall of 1963 in the Panama Canal Zone and in Korea. In
addition to the research tasks , SORO provides Scientific Advisor y Se rvices to meet Army re-
quests on problems involving social science considerations of a political , socio-psycholog ical .Cultural , or economic nature.

The following is the list of approved Tasks and their objectives forFY 1963-1964 accord-
ing to the two problem areas for which SORO has responsibility:

Social Science Operational Applications Resear ch

PROSYMS - Development of Appeals and Symbol s for Psycholo gical Operations in Selected
Tar get Countries.

Objective: To develop information on propaganda symbol s and methods for their presen-
tation to cause desired attitude chan ges. This task terminated in Jun e 1963 and was re-
placed by Task PSYGU IDE .

PROPIN - informal Communi cations Systems in Selected Countri es.
Objective: To develop information concerning word-of-mou th communication processes
and other inform al modes of propaganda infiltration. This task terminated in June 1963
and was rep laced by Task PSYGU IDE .

PSYGUIDE - Psychological Operations Guides.
Objective: To provide anal yses of psycholog ical operations possibilit ~es . concept s and
method s for selected countries .

EXPLOIT - Psychological Operations Vulne rabi lities of the Communis t Bloc.
Objective: To provide information on the major and persistent vulnerabili ties of the
Soviet Bloc to psycholog ical operations and the possible means of exploiting those vul-
ner ab ij tj es unde r differen t conditions of war .

FEBA - Br oa dcast and Visual Activities , Far East.
Objective: To assess the impact of broadcast and visual activities , operations and needs
where the y are currently active.

CIBIB - Coun terinsur gency Bibliograp hy--A Selected Listin g.
9~ j~~ctive: To provide an anno tated bib liograph yon literature items dealin g with counter-
insurgency, containing cross - re ferenc e , an author -title index and explanatory introdu ction
to each section .

CASEBOOK - Historical Analyses In Insur gency and Revolutionary Wa rfare .
Objective: To provide summaries of twent y-three revolutions which have occurred since
WW II and intensive case studi es of the revolutions in Algeria , Cuba , Guatemal a andVietnam.

TACO - Ta ctics of Counterguerrilla Operations.
Objective: To provide information on the doctrine and concepts of the tactics of counter-
guerrill a operations.

UNDERGROUND - Stud y of Und erg r ound s.
Objective: To provide descri ptive training materials of und erground movements of an
insurgent , revolutionary or resistance nature and to identif y critical problems for future
research,

‘A copy of the complete R&I) Wo,Ic Program fo r I-V l ”64 ii~ av ailab le on requtat to the Directoi , Special Operatio~ a Reaearc h Offic e , The
American University, 5010 Wisc on ,i~ Ave nue , N.W., Was hinpton 16, l).( .
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FiELD - Exploratory Field Studies .
Objective: To determine and refine requirements  for  social science research at the U.S.
A r m y  Special Warfare  Center .  in Latin America  and in the Far East; to conduct short
studies in the field in close collaboration with operational Army elements; and to gather
field data of relevance for other SORO tasks.

CIVACT - The Conduct of Civic Action.
Objective: To develop improved understanding of societal processes  for  the more effec-
tive conduct of the Army ’ s civic action programs.

REQUIRE - Country Operations Information Requirements.
Objective: To provide an integrated review of the kinds of research information and
anal ysis which the Army needs abou t a country as a foundation for the combination of
psychological , unconventional warfare , military assistance, civic action , and counte r-
insurgenc y operations.

Social Science Research and Development Technology

REVOLT - Revolutions as Instruments of Socio-Political Change.
Objective: To increase understanding of the dynamics of internal war in te rms of envi-
ronmental conditions , societal tensions , revolutionary mechanisms, and situational
factors;  to improve prediction of the outbreak of violence in socio-political change move-
ments;  and to identify factors associated with success or failure in revolutionary move-
ments.

ROLE - Role of the Mili tary Establishment in Developing Nations .
Objective: To increase  understanding of potential politico-military functions of mili tary
establishments in developing nations by examining the cultural , societal and organiza-
tional factors associated with the roles which military establishments might assume.  -

E X T E N D  - Extension of Knowledge of Influence Processes to Cross-cultural  Interactions.
Objective: To improve understanding of relevant communications and persuasion proc-
esses in te rms of their  applicability to effective U . S . Army programs in forei gn cultures.
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2F. SPECIAL OPERATIONS RESEARCH OFFICE
BIBLIOGRAPHY OF PUBLICATIONS SINCE

LAST CONFERENCE REPORT *

The following list of SORO publications has not appeared in prior Human Factors R&D
Conference Reports and so is printed in ent i re ty .  It is a r ranged alphabetically by title and
within top ical areas  of special interest  to the military. When a call number  of the DDC (for-
merl y ASTIA ) is known , this is cited.

GENE RAL

DDC Number

An Anal ysis and Synthes is  of Information on Mass Defection Organized
f~~ Planning and Operational U s e ( U ) ,  by Alexander R . Askenasy,  William
A. Lybrand , Ray C. Hackman. M. Dean Havron , and Andrew R. Molna r ,
September 1957 (CONFIDENTIAL). __________

Brainwashing: A Partial  Bibliograph y, Octobe r 1958 (UNCLASSIFIED). 
__________

Socio-Psycholog ical Information on Hungarian Refugees,  by Andrew R.
Molna r , Alexander R. Askenasy,  and William A . Lybrand , August 1957
(UNCLASSIFIED).

A Counter insurgency Bibliography, by D. M. Condit , Barbara Reason ,
Margaret  Mughisuddin , Bum-Joon Lee Park , and Robert K. Gels . Janu-
ary 1963 (UNC LASSIFIED). AD 294-857

Casebook on Insurgency and Revolutionary Warfare:  23 Summary Ac-
counts, by Paul A. Jureidini , Norman A. LaCharite , Bert H. Cooper , and
William A. Lybrand. Available for distribution summer 1963 (UNCLAS-
SIFIED). ________

Legal Status of Participants in Unconventional Warfare,  by Phillip M.
Thienel , October 1961 (UNC LASSIFIED). AD 279-369

PSYCHOLOGICAL OPERATIONS

An Introduction to Wartime Leaflets, by Carl Berger , Jul y 1959 (UNCLAS-
SIFIED). AD 22 0-821

Mass Communications in Eastern  Europe, 8 vols., Jul y 1958 (UNCLAS-
SIFIED).

General Survey AD 209 .-580
Bul garia AD 208 139
Czechoslovakia AD 209-681
East Germany AD 208-957
Hungary AD 208-958
Poland AD 208-787
Romania AD 208-959
Yugoslavia AD 208-960

Psychological Operations Handbooks

Psychological Operations: Afghanistan (U) ,  by Imnogene E. Oke s, Novem-
ber 1961 (CONFIDENTIAL). AD 328-734

Psychological Operations: Burma (U) ,  by Howard D. Kramer , September
1959 (CONFIDENTIAL). AD 310-383

‘An annotated bibliograp hy of SORI) publicationu is available on request to the I)irector , Special Operat i~,nv Researe), Off,ee . The Americ an
Un iversity, SOlO Wiscon s in Avenue , N.W., Was hington 16 , i).C.
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Psychological Ope rations Handbooks (Cont ‘d)

DDC Number

Psychological Operations: Cambodia (U) ,  by John L. Houk , September
1959 (CONFIDENTIAL). AD 3 10-384

Psychological Operations: China ( U ) ,  prepared under the direction of
Egerton L. Ballachey, October 1959 (CONFIDENTIAL).  AD 3 16-088

Psychological Operations: Colombia ( U ) ,  by Lynn C. Liewell yn and John
L. Houk. Available for distribution summer 1963 (CONFIDENTIAL).

Psycholog ical Operations:  Congo ( U ) ,  b y James E . Trinnaman , March
1963 (CONFIDENTIAL).

Psychological Operations: Egypt (U), by A. M. Reid , Novembe r 1959
(CONFID E NTIAL). AD 3 16-090

Psycholog ical Operations: Ghana (U) .  by Jame s E. Trinnaman and
Marc Burbrid ge. Available for  dis tr ibut ion fall 1963 (CONFIDENTIAL). ______

Psycholog ical Op~ rations: Indonesia ( U ) ,  by John L. Houk and James E.
Tr innarnan , October 1961 (CONFIDENTIAL).  AD 329-017

Psycholog ical O~p~ rations: Iran ( U ) ,  by A . M. Reid . November 1959
(CONFIDENTIAL).  AD 316-087

P~ ycho 1o~ ica1 Operat ions :  Iraq ( U ) ,  by A. M. Reid , November 1959
AD 316-09 1

Psycholog ical Ope rations: Jordan (U) ,  prepared under the direction of
E gerton L. Ballachey, March 1959 (FOR OFFICIAL USE ONLY) .  AD 307-257

Psychological Ope rations: Laos (U) ,  by John L. Houk , Septembe r 1959
(CONFIDENTIAL).  AD 3 10-38 1

Psycholog ical Operations: Lebanon ( U ) ,  prepared under the direction
of E gerton L. Ballachey, March 1959 (FOR OFFICIAL USE ONLY) .  AD 308-752

Psycholog ical Operations: Pakistan (U ) ,  by A. M. Reid , January 196 1
(CONFIDENTIAL). AD 325-796

~~~y~ ho1og ical Operations:  Saudi Arabia (U ) ,  prepared under the direc-
tion of E gerton L. Bal lachey,  March 1959 ( F-OR OFFICIAL USE ONLY).

Vol. 1 AD 306-970
Vol . II AD 216- 156

Psycholog ical Operations: South Vietnam ( U ) ,  by Howard D. Kramer ,
September 1959 (CONFIDENTIAL) .  AD 3 10-382

Psychological Operations: Syria ( U ) ,  by A. M. Reid , November 1959
(CONFIDENTIAL).  AD 3 16-086

Psycholog ical Operations: Thailand ( U ) ,  b y John L. Houk , November
1959 (CONFIDENTIAL). AD 316-089

Psychological Operations: Turkey (U) .  by A. M. Reid , January 1959
(CONFIDENTIAL).  AD 324-409

A P~ ycho1ogical Operations Bibliograph y, by Carl Berger and Howard
Reese , May 1960 (UNCLASSIFIED).  AD 24 1-434

Word-of -Mouth  Communication in the Chinese Communist  Army (U) ,  by
Barton Whaley ,  October 196 1 (CONFIDENTIAL). AD 327-86 1

Word-of -Mouth  Communication in Communist  China (U) ,  b y Barton Whaley
George K. Schueller , and John Carver  Scott , October 1961 (FOR OFFI-
CIAL USE ONLY) .  - AD 273-055
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UNCONVENTIONA L WARFARE

DDC Number

Case Study in Guerrilla War: Greet. During World War 11, by D. M.
Condit, October 1961 (UNCLASSIFIED). AD 272-833

Cuba Since Castro: A Bibliography of Relevant Literature.  by Barbara
Reason, Margaret Mughisuddin, and Bum-Joon Lee Park, November 1962
(UNCLASSIFIED). AD 292-900

Guerrilla Warfare Requirements (U), compiled unde r the direction of
William M. Rossiter , June 1957 (SECRET). AD 150-448

Selected Bibliography on Unconventional Warfare, by Hope Miller and
William A . Lybrand , October 196 1 (UNCLASSIFIED). AD Z6~4-056

Unconventional Warfare :  An Interim Bibliograph y, by Doris Condit, Sey-
mour Shapiro , and Helen Bronheim , March 1961 (UNCLASSIFIED). __________

Forei gn Area Study Handbooks (Prepared for  use by the Dept. of the Army ,  these studies are
designed to satisf y a military requirement  for readil y available back ground information in-
cluding the sociolog ical , economic , political , cultural , and mili tary institutions of a contem-
porary national society)

Af ghanistan, April 1959 (SECRET)
Algeria, August 1958 (SECRET)
Austria, December 1956 (SECRET)
Bolivia, June 1963 (UNCLASSIFIED)

Supplement, June 1963 (SECRET)
British Borneo, Jul y 1956 (FOUO)
Bulgaria, June 1957 (SECRET)
Burma, April 1958 (SECRET)
Cambodia, November 1956 (SECRET)

Revision , March 1963 (UNCLASSIFIED)
Supplement . March 1963 (SECRET)

Caucasia, January 1958 (SECRET)
China, February 1958 (SECRET)
Colombia , Jul y 196 1 (UNCLASSIFIED) AD 267-349

Supplement,  July 1961 (SECRET) AD 325-584
Congo , June 1962 (UNCLASSIFIED)

Supplement. June 1962 (SECRET) AD 331-852
Cuba, September 1961 (UNCLASSIFIED) AD 263-146

- Supplement , September 1961 (SECRET) AD 324-899
Czechoslovakia, December 1956 (SECRET)
E gypt , April 1957 (SECRET)
Ethiop ia , November 1960 (FOUO) AD 25 1-326

Supplement , November 1960 (SECRET) AD 32 1 -014
Finland , February  1960 (SECRET) AD 317-147
Germany, Jul y 1960 (FOUO) AD 247-102

Supplement , July 1960 (SECRET) AD 3 19-220
Ghana , January 1962 (UNCLASSIFIED) AD 2 7 4 - 7 13

Supplement , January 1962 (SECRET) AD 32 9- 125
Guinea, December 1961 (UNC LASSIFIED) AD 276-167
Hungary, v. 1, August 1959 (FOUO)

v. 2, August 1959 SECRET’
India, v. I , October 1958 (FOUO)

v. 2 , October 1958 (SECRET)
Revision , March 1963 (FOUO)

Indonesia , v . I , August 1959 (FOUO)
v. 2 , August 1959 (SECRET)

Iran , May 1956 (SECRET)
Revision , May 1963 (UNCI  ASSIFIED)
Supplement,  May 1963 (SECRET)

~!~~~~‘ 
Febr iary 1958 (SECRET)

Revision , November 1959 (SECRET)
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DDC Number

Israel , May 1957 (SECRET)
Ivory Coast , December 1962 (UNCLASS1FIED)

Supplement , December 1962 (SECRET)
Japa n , July 1961 (FOIJO) AD 259-804
~~~Supplement, July 1961 (SECRET) AD 323-241

Jordan , Jul y 1957 (SECRET)
Korea, April 1958 (SECRET)
Laos , August 1958 (SECRET)
Lebanon , January 1958 (SECRET)
Malaya. June 1958 (SECRET)
Morocco , August  1958 (SECRET)

— Ni geria,  August 196 1 (FOUO) AD 260-801
Paki~~an , June 1958 (SECRET)
Panama , February  1962 (UNCLASSIFIED) AD 283-649’

Supplem ent , February  1962 AD 329 -472
Poland, November 1957 (SECRET)
Romania , October 1957 (SECRET)
Saudi Arabia , Jul y 1958 (SECRET)
Sudan , October 1960 (FOUO) AD 250-580

~~ upplement , October 1960 (SECRET) AD 320-236
Syria, May 1958 (SECRET)
T~i~~an, June 1958 (SECRET)
Thailand, November 1957 (SECRET)

Revision, May 1963 (UNCLASSIFIED)
Supplement, May 1963 (SECRET)

Tunisia, August 1958 (SECRET)
Turkey. January 1960 (SECRET) AD 315-834
tJ~S~~~v. I , March 1957 (SECRET)

v. 2, March 1957 (SECRET)
Vietnam , June 1957 (SECRET)

Rèvision, September 1962 (UNCLASSIFIED)
Supplement , September 1962 (SECRET)

Yugoslavia , v. 1, June 19~ 9 (FOUO)
v. 2, June 1959 (SECRET)
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2F. SPECIAL OPERATIONS RESEARCH OFFICE
BIOGRAPHICAL DIRECTORY OF PROFESSIONAL PERSONNEL

A R KIN , Sharon M. ,  Research  Associate;  BA , Am er i can  U ni v e r s i t y ,  19i 0 , Poli t ical  Science.

ASKENASY , Alexander  R .,  Resea rch  Scientist ;  BA , U nive r sit y of W i s c o n s i n , 1950 , MA ,
Princeton U n i v e r s i t y ,  1954 , PhD , Columbia Un ive r s i t y ,  1959 , Social Psychology .  APA , EPA ,
Psi Chi.

BLANCHARD , W endell , Team Leader , BS . U.  S. Mil i tary Academy, 1924 , Mil i tary  Science.

BLOCH , Donald S., Senior Resea rch  Scientist;  MA , U n i v e r s i t y  of Chicago , l ’) SZ , Sociology ;
ASA , ESA , AAAS.

BURBRIDGE , Richard  H.,  Resea rch Aide; BA , Amer i can  U n i v e r s i t y.  196 1 , I nte r na t ional Labor
Rela t ions .

CALLA WAY , Gilber t  R. ,  R e s e a r c h  Aide;  BA , Ri ce Ins t i tu te , 1960 , MA , Amer ican  U n i v e r s i t y ,
1963 , International Rela t ions .

CHAFFEE . Freder ick H., Resea rch  Associate ; BS , U. S. Mil i tary  Academy , 1929, MA , Uni-
ve r s i ty  of Pennsylvania , 1936 , Ph ys ics .

CONDIT , Doris E ., Senior Research  Scientist;  BA , George Washington U n i v e r s i t y ,  1949, MA ,
George Washington U n i v e r s i t y ,  1952 , Forei gn Af f a i r s ;  AHA , ORSA , AMI .

COOPER , Bert H ., J r . ,  Resea rch Associate;  BA , Furman Univers i ty ,  1956 , MA , George Wash-
ington U n i v e r s i t y ,  196 1 , Forei gn A f f a i r s .

DE SHIELDS , James I., Research  Associate ; BS , Morgan State College , 1959, MS. Virg inia
State College , 1962 , General  Psychology .

ERICKSON , Edwin E ., Resear :h  Associate ; BA , Brookl yn College . 1955 , MA , Columbia Uni-
vers i ty ,  1956 , Anthropology;  AAA.

FORTENBAUGH , Susan C., Research Associate; BA , Duke U n ive r s it y , 1962 , Span i sh .

FRANCES , Neda A., R e s e a r c h  Associate;  BA , Johns 1{op kins  U n i v e r s i t y ,  1954 , MA . Hu n t e r
College , 1956 , International Studies .

GIDDENS , Jackson A ., Resea rch  Associate; BA , Alle gh e n y  Col lege . 1958 , MA , Fletche r School
of Law and Diplomacy , 1959 , MALD , Fletcher  School of Law and Dip lomacy,  1963 , Law; APSA ,
ASIL.

GILMOUR , Susan E.,  Research  Associate;  BA , A m e r i c a n  U n i v e r s i t y .  1961 , MIS , Am e r i c a n
Univers i ty ,  1962 , Internat ional  Relat ions .

HARRiS , George L., Team Leader; BA , Wash ing ton  College , 1941 , Anthropology;  WAS , FEA ,
IPR , AAA .

HOUK , John ,L., Branch Chief;  BA , U n i v e r s i t y  of S ~the r n Ca l i f o r n i a , 1948 , MFS , U n i v e r s i t y
of Southern Cal i fornia , 1955 , In ternat ional  Relatiori -m , AA P1.,SS , APSA , WPSA .

HUTCH INSON , Cary B., Director , Foreign Areas Studies Division; BS, U. S. Military Acad-
emy, 1924, Military Science.

JACOBS , Milton , Division Assis tant  Chai rman;  BA , George Wash ing ton  U n i v e r s i t y ,  1 948 , MA ,
George Washington University, 1950, PhD , Catholic University, 1 956 , Cultural Anthropology,
AAA , SAA , APA.

JOHN , Howard J,, Research Scientist; BS, U. S. Milita ry Acade ~‘y , 1924 . M i l i t a r y  Sci - n c , - ,
ASIS.

JONES , Adrian 11., Research Associate; BS. University of Maryland , 195 6, MA , University of
Kansas City,  1962 , Psychology.
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JUREIDINI , Paul A., Research Associate;  BA , Beirut Un ive r s i ty ,  1955 , MA , U n i v e r s i t y  of
Virginia , 196 1 , International Affairs.

KAPLAN , I rving,  Research  Scientist; MA , Un ive r s i t y  of Chicago.  1951 , A nthropology ; AAA ,
CSAS, ASA .

KIRKMAN , James L., Research  Aide; BA , American U n i v e r s i t y.  196 1 , H i s to ry ,  Political
Science.

KUBAT , Daniel , Research Scientist; MA , University of Kansas, 1957 , PhD , Munich Unive r s i t y ,
1956 , Philosoph y.

LA CHARITE , Norman A ., Research Associate; BA , American Univers i ty ,  1959 , MA , Ameri-
can U n i v e r s i t y .  1963 , International Relations.

LEHMANN , Shir ley,  Research Associate; BA , Oberlin College , 1952 , MA , Radcliffe College ,
1955 , PhD , Radcliffe College , 196 1 , Government,  Political Science.

LENT , Barbara , Research  Associate;  BA , Re ed College, 1951 , Literature,

LISLE , Marjorie N. ,  Research Aide .

LUX , Thomas E. , Research Associate; BA , Saint John F isher  College , 1957 , MA , Univers i ty
of Chicago, 1962, Anthropology; AAA , AES.

LYBRAND , William A., Division Chairman; BA , Muhlenberg College , 1950 , MA , Un ive r s i t y  of
Mary land , 1952 , PhD , Univers i ty  of Mary land , 1954 , Psychology; APA , Sigma Xi , EPA.

MADAY , Bela C. ,  Team Leader; PhD , Budapest Un ive r s i t y ,  1937 , Political Science; AS.

MALIKS , Skaidrite , Research Associate; BA , Hunter College , 1960 , MA , Johns Hopkins Uni-
vers i ty ,  1962 , International Relations; ASIL , APSA .

MOLNA R , Andrew R., Branch Chief; BA , Unive r s i ty  of Mary land , 1952 , MA , Universi ty  of
Mary land , 1956 , PhD , Universi ty  of Maryland , 1959 , Psychology; ASTPD , APA .

MOORE , Richard H., Military Advisor; BA , Universi ty of Michi gan , 1932 , MA , Universi ty  of
Michigan , 1933 , Market ing .

MORRISSEY , Dennis H., Resea rch  Associate; ES , Marquette Univers i ty ,  1956 , MA , School of
Advanced International Relations , 1960 , Political Science.

MUGHISUDDIN , Margare t  Ann , Research  Aide; BA , Ame rican Unive r s i ty ,  1962 , International
Relations and Organization.

MUHLENBER G , Frederica H., Research Associate; BA , Smith College , 1948 , Sociology.

MUNSON , F rede r i ck  P., Research Scientist; BS, U. S. Military Academy, 19 26 . Mil i tary Sci-
ence.

OTTERBEIN , Keith F., Research Associate; BA, Pennsylvania State University. 195 8. MA ,
Unive r s i t y  of Pennsylvania , 1960 , Anthropology; AAA , ASS, SAA,

PAC Y , James S., Research  Associate; BA , Lebanon Valley College . 1952 , MA, U n i v e r s i t y  of
Mis sour i , 1956 , History (course requirements for PhD completed except disser tat ion, Inter-
national Relations and Organization); AHA , APSA .

PRICE , James R. ,  Research Scientist; BA, Univers i ty  of Alabama , 1949, MA , Johns Hop k i n s
University, 1950 , International Relations.

QUICK , Elizabeth , Research Associate; BA , Antioch College , 1934 , Eng l i s h .

RANSOM , Carole A., Research Aide; BA , American Univers i ty ,  1962 , International Relat ions.

REASON , Barbara , Research Associate; BA , American U n i v e r s i t y ,  1960 , International Rela-
tions.
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RICE , Charles E., Research Scientist; BS, Iowa State University, 1954, PhD, Western Reserve
Unive r s i t y ,  Psychology; APA , AAAS, SCSR.

RIDDLEBERGER , Peter B., Research Aide ; BA , University of Nebraska, 1961 , Anthropology
and History.

RINTZ , Frances  C., Research  Associate; BA , Wellesle ’ College , 1927 , MA , Univers i ty  of
Pennsy lvania , 1939, Stat ist ics.

ROBERTS , Thomas D., Team Leader; BS, U . S. Mil i tary  Academy, 1924 , Military Engineering .

SAL1TERMAN , Gail , Research  Associate; BA , Un ive r s i t y of Michi gan , 1961 , MA , Yale Uni-
ye rsity, 1962, International Relations; APSA .

SHINN , Rinn-Sup, Research Associate; BA, Seoul University, 1954, BA . Princeton University,
1957 , MA , Georgetown University, 196 1 , International Relations; APSA , AAS.

SMITH , Harvey H., Resea rch  Scientist; BA , Defiance College . 1913 , BS , Ohio State Univers i ty,
19 15 , Agriculture.

SPERLING, Phil ip 1., Deputy Director; BA , New York University, 1937 , MA , Columbia Uni-
vers i ty ,  1940 , PhD , Unive r s i ty  of Michi gan , 1949 , Psychology; AMS. APA , AHFEC.

STIRES , Frederick H., Research Scientist; BA , Yale Univers i ty,  1951 , MA , Georgetown Uni-
versity, 1953 , PhD , Georgetown Un ive r s i t y ,  1960 • Government .

STODTER , John H., Research Associate; BS, Military Academy, 192 3, MA , Universi ty  of
Cincinnati, Political Science.

STOWERS , Arthur B., Jr .,  Research Associate; BS , Yale Universi ty ,  195 1 . MS . Univers i ty  of
Tennessee , Finance Management; AOA, ASME.

SZALAY , Lorand B., Research Scientist; PhD , Vienna Univers i ty ,  1961 , Psychology.

TELEKI , Suzanne , Re search Associate; BA , Univers i ty  of Chattanooga , 1950 , MA , University
of Virg inia , 195 1 , Foreign Affa i rs .

TERAUDS , Anita , Research Aide; BA , George Washington Univers i ty ,  1959, Psychology.

THIE NEL , Ph illip M., Research Scientist; BA , George Washington University, 194 8, MA ,
Indiana University, 1949, Geog raphic History;  AHA .

TOWNSEND , Charles M., Research Associate .

TRINNA MAN , James E., J r . ,  Research Associate; BA , Hobart College . 1956 , MA , Johns Hop-
kins University, 1962 , Political Science.

VALLANCE , Theodore R., Director; BA , University of Miami, 1940 , MA , Syracuse University,
194 1, PhD , Syracuse Univers i ty ,  1950 , Social Psychology; APA , EPA , MPA , AAUP.

VREELA ND , Herbert  H., 111, Deputy Director , Foreign Areas Studies Division; BA, Univer-
sity of Rochester , 1941 , PhD , Johns Hop kins Univers i ty,  1953 , Anthropology; AAA .

WALPOLE , Norman C., Team Leader.  BS, U. S. Merchant  Marine Academy, 1949, BA . Dick-
inson College , 1949 , MA , Columbia Univers i ty,  1949, International Relations.

WEAVER , John D., Research Associate .

WICKERT , Frederick , Consultant; BA , Univers i ty  of California at Los Angele s . 1933 , PhD ,
Univers i ty  of Chicago . 1938 , Psychology; APA , MPA , SAA.

WINDLE , Charles D ., Division Chai rman;  BA , Oberlin College , 1949, MA , Columbia Unive r-
sity, 1952, Experimental Psychology; APA .

WINNER , Percy,  Deputy Director , Forei gn Areas Studies Division.

WOLFE , Geoffrey,  Research Aide; BA , American Univers i ty .  1963 , Inte rnational Relations.
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