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r ABSTRACT

I. (P-7 165)

j ~‘This is a proposed research plan for  a 12—calendar  month period . There

are five specific airborne ASW research problems discussed briefl y followed

re spectively by five research tasks designed to develop the needed answers .

• The objective of this research , as well as research outlined for  the four following

years , is an operational crew proficiency measure .

- While the setting of thi s research is in airborne ASW , many of the finding s

~ I 
will be gene ralizable to othe r areas of Naval operations. For example , the

information indexing model used during thi s past year ori ginated in the broad

F area of Naval Intelligence and not where it is or will be applied , viz. , airborne

ASW. To be sure , the operational airborne ASW will benefit f rom many of the

research result s which naturally follow when pursuing a particular objective as

L the overall crew proficiency measure.
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-
,

For the f i r s t  eig hteen months unde r Cont rac t  Nonr  444 1(00) ,  a per fo rmance
predic t ion model was developed and tested in two l abora to ry  t e s t s  of s tudent S

I pe r fo rmance  on a simulated ASW t a s k .  The logic  behind the basic p e r f o r m a n c e
pred ict ion  model may be summar ized  as fo l lows:

F i r s t , in many p r a c t i c a l  s i tua t ions , m i l i t a r y  com-
m a n d e r s  arc  fo r ces  to  decide  upon an adequate cour se

I of ac t ion based upon f a c t s  supp lied to them by an a r r a y
of ‘‘ in f o r m a t ion  sys tem s , “ e. g.  , a e ro s u r ve i ll a nc e  sys-
te n i s .  Sc c o nd , an expe r i ence  d c oniniande r is able to

I judge re l iab l y and validl y the value of va r ious  type s of
i n f o r m a t i o n . i - c .  , how much hel p each type is in lead-
ing him toward a successful  course  of ac t ion . Th i rd ,

[ by use of s tandard psychological  scaling techni ques ,
these  judgment s of in fo rmat ion  u t i l i t y  can be conve r t ed
to quan t i t a t i ve  indices  for  var ious  t ype s of i n f o r m a t i o n .
Four th , by mult iply ing the scale ut i l i t y value of each

T t ype of in f o r m a t i o n  by the  num be r of i tems of tha t  t ype
available , and , by summing these produc ts  ac ross  all
type s of i tems , an overall  u t i l i t y  index can be comp iled

[ which is hi ghl y co r r e l a t ed  with  dec i s ion  adequacy - - a
pe r fo rmance  measure .  Speci f ica l l y ,  pe r fo rmance  is
assumed to be a l i nea r  func t ion  of th i s  i n f o r m a t i o n

L 
u t i l i t y  index.

Previous Resu l t s

I Resul ts  of the two i n i t i a l  exp e r i m e n t s , which  are shown in t abu l a r  fo rm
in Tables 1 and ~~~, can be summarized as fo l lows .  F i rs t , su b j e c t s  were  found

J to have a sa t i s f ac to ry  amount of agreement  conce rn ing  the r e l a t i v e  value of in-
fo rmat ion  supp lied to them.  F u r t h e r , the extent  of agreement  i nc reased  as

I they gained more  exper ience on the task .  Second , as p red ic t ed , p e r f o r m a n c e
in both expe r iments  was found to va ry  as a func t ion  of the u t i l i t y  of the in f or n i a -

I t ion provided to sub jec t s  at the s ta r t  of the problem -- w i t h  u t i l i t y  being corn-
p u t e do n a n a  pr ior i  basis  assuming the model to be an a c c u r a t e  p r e d i c t o r  of pe r -

I forn’iance. Third , as tables  1 and 2 indicate , pe r fo rmance was found to v a ry  as
a l inea r  func t ion  of the u t i l i ty  of the in fo rnia t ion  provided , a f ind ing  which  sup-
por t s  the model’ s d e s c r i ptive val idi t y.

1 -1-
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TABLE I RESULTS OF FIRST LABORATORY EXPERIMENT WHERE
AT DN PTS WERE MADE TO USE THE MODEL TO PREDICT
PERFORM ANCE OF ROTC STUDENTS IN A SIMULATED *5W
GAME . t$UMBERS IN PARENTHESES SHOW THE COMPONENT
OF VARIANCE BEING ANALYZED: AN AST ERIS K SHOWS[ __________ SIGNIFICANCE BEYOND THE .0 ? LEVE l).

e _____________________

SOURCE li t “s F

INF ORMAT I ON UT I L I T Y COND I T I ONS t i .’ ~~~ ~34 63~~

PREDICTED BY MODEL l”~ . O4O ¶~I9 .O4O ~ ,1’’”

Q UADRAT IC TR END :: , .‘ I 1~~I

RES IDUA L IRENO 6C 15~ L , O~f l .

ERROR :o ~~~ 7 .805

TOTAL

TABLE 2 RESULTS OF SECONO LABORATOR Y EXPERIMENT WHERE ATTEMPTS
WERE MAOE TO USE THE MODEL TO PREDICT PERFORMANCE OF
ROTC STUDENTS IN A SIMULATED A SW GAME ~NUMBERS IN
PARENTHESES SHOW COMPONENT OF VARIANCE BEING ANALYZED ;
ANAS TE R ISR SHOWS SIGNIFICANCE AT THE .0? LEVEL: DOUBLE
ASTERISK USED TO IN OI C A T E THAT FOUR dl WERE 115(0 TO TEST
EFFECTS OF A POSSIBLE CON TAM INATION FAC TOR

SOURC E

IN FOR MAT ION UTIL I TY CON D ITIONS ~~ C’ U ~: ,i 53’ ’

PRED I CTED BY MODE L % t  t~~~ ‘I  . t;:~ 9~ 3: l~~

QUADRATIC TREND ‘ 8.’’ I .’ ‘: ‘ . 1: :

RES IDUA L TREND I ~~~~~~~~~ t ,~~. t’ .h8 •1 k~

ERROR 0~~~t~.l ~~‘ . ‘t ~ —

TOTAL

1
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H R 13 5 I N C E ~ ~~ CI Past Year ’ s Work

I As far  as the model goe s , the purpose of last year ’ s work was twofold:
Fi rs t , to show how the model could be app lied in a practical  ASW a i rborne  per-
formance situation to predict  behavior of tactical  coordinat ion o f f i c e r s  (TACCO’ s).
Second , to val idate  the model’ s pe r fo rmance  predic t ions  using data gathered
on a co mp lex s imulator  which p resen ted  a much more real is t ic  env i ronment  t o
the subject  than was the case in the l abora to ry  task . To f u r t h e r  tes t  f lee t  ap-
pl i c ab i l i t y  of the model , pe r fo r m a nc e  of actual exper ienced a i rcr e w s  was

f studied as they  a t tempted to solve p rob lems  on the ASW Tactical  T r a i n e r in
L .  Nor fo lk , V i rg in ia .

The meth ’d of app l ica t ion  was  to define the output of each of fl stpara te
sensors  avai lable to ASW a i rc rews as the “type s of in format ion ” of i n t e r e s t .
Fur the r , the ASW task  was divided into var ious  phases .  Scenarios w e r e  de-

- vised to obtain j ud gment s conce rn ing  the ut i l i ty  of var ious  sensor cutputs at
v~~rious stages in the problem sequence.  Paired comparison informat ion ut i l i t y
scales were devised to provide the necessa ry  data to inser t  into the model.

The exper imental  demonstrat ion used the same scenarios  and , to a size-
able extent , a numbe r of the same a~ ~c rew s  used in gather ing the scaling da t a .
Twen ty - seven  a i r c r e w s  par t i c i pated . Each was assi gned three  problems involv-
ing a convent ional  t a r g e t  and th ree  problems involving a nuclear  t a r g e t .  For
each type of t a r g e t , one of the th ree  problems was run unde r condition s where
the team was g iven a package of info rmation hig h in i n f o r m a t i o n  u t i l i ty  anothe r

“ problem was run us ing  a package of s t a r t ing  in fo rmat ion  of medium u t i l i t y ,  and
the th i rd  was run using a package of i n fo rma t ion  of low u t i l i ty .  In f ormat ion  pre-

I sentations were randomized and counterbalanced to prevent  c r i t e r i o n  contamina-

r t ion.  Numerous per formance  c r i t e r i a  were used , the basic one being the per-

L cent local iza t ion unce r t a in ty  remaining at successive f i v e  minut e t ime  per iods
after  in i t i a t ing  the problem . Problems were  te rminated  af ter  30 minu t e s .

~~ This was a func t ion  of the amount of the initial search area r ema in ing  at

I various stage s in the problem.

— 3 —
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Table ~ show s an a n a l y s i s  of p e r f o r m a n c e scores  on the s im u l a t o r .  Pe r-
form a n ce  w a s  found to v a r y  as a func t ion  ol the u t i l i t y  of i n f o r m a t i o n  p rov ided ,

~ j  
the  e lapsed prob lem t ime , and as an in t e r a c t i o n  of these  two v a r i a b l e s .  The
t ype of t a r g e t  i n v o l v e d  ~ as shown to  have no e f f e c t  alone or in c o m b i n a t i o n  with
e i t h e r  o ther  main v a r i a b l e s ,

S.

TABLE 3 RESULTS OF ANALYS IS OF PERFORMANCE OF ASM AI RCREW S
ON TASKS IN THE *5W TACTICAL SCHOOL SIMULATOR AT
NORFOLK .

SOURCES dl F P

I.
BET REEN PROBLEMS; 167)

TAR G ET TYPE ~A ) I 151 .310 P P~ 005

INFORMATION UTILITY iB ) 2 25 542.965 23 99 p.~.OO5

A RB 2 2.429 660 2.28 P—
~ o~

ERROR 1 62 1 ,064,580 -

II’H IN PROBLEMS : i,840)

• ELAPSED PROBLEM TIME (C) 5 57.985.828 228.24 P~ .001

CsA 5 521 .972 I’.

Cii 10 2,56 0 .3 80 I 0 ,Q8~

CiAxi 10 411.670 1 .62

• ERROR 810 253.97 - -

Figure  I shows ra ther  c lea r l y the na tu re  of the main e f f e c t s .  F i r s t .
th e  g r e a t e r  the u t i l i t y  of the in i t i a l  i n f o r m a t i o n  pr ov ided , the be t te r the p er  —

~ L 
fo rm an c e . Seco nd . the longe r the elapsed problem t ime , t he b e t t e r  the per  -
f o r m a n ce  . Third , both of t hese  t r end s WI ’ re c lea rcu t  unt i l  the las t  stage  of

~ L 
the problem where  the three c u r v e s  t ended  to co nvt ’ rgc.  r h i s  probably  was
an a r t i f a c t produced by the s t anda rd  rou t ine  of hav ing  an ,u r c r e w  c i r c l e  a

~

. [ located t a r g e t  at this  stage and p repa re  to a t t ack .  In o t her  w o r d s , the locali-
ia t io fl  t a sk  was  e s st’nt ia l l y ove r  when univ  live pe rc t ’n t  local izat ion unce r t a in t  V

r ema ined .
— 4 -
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l’ab le  4 shu ~ s t he ~t i i i u u n t  of p e r f u r n i a n  e v a r i a t i o n  a s s  ~ iatt ’ d ~ i t h  i n l o r —

- 

i ‘ mat ion Ut i i  it v t h a t  was  pr eci o. it ’d by  the  m odel  . The si gn ! t o .  ant l i n e a r  t r e n d
(F ’ -In . ~~° I f or  I “1 6~ d f )  and no si gn i f i c a n t  r e s i d u a l  t r end  p rov ide  s an ~

- m~~~ ~‘ur a ~ -

1 . in g  dem o n  St r a t i on  ol t h e  n~ d~ i s ’ de Sc ri p t i v & - p ower .

TABLE 4 COMPARISON OF PERFORMAN CE WITH PREDICTIONS GENERATED
BY MODEL USING ASM AIR CREW DATA (NUMBERS IN PARENTHESES
SHOW THE COMPONENT OF VARIANCE BEING ANALYZ ED; AN

P ASTERISK SHOWS A SIGNIFICANCE LEVEL BEYOND .01 ) 
________

SOURCE d l is F

INFORMATION UTILITY: ~2 )  iSi , O$5 93)  - -

PRED I CTED BY MO DEL I 50.028 09 50.028 09 46 9930

- R E S I D U A L  I 1 ,058 ‘8 1 .058 78 I -

ERROR 62 1 22 , 462 84 1 ,064 58 
__________

j t

I ,

• Ii

Ii

• 

Ii
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U. RE SEAR C H PR OBLE M AREA

• The c a teg o r i c a l  p r ob le i n  is  tha t  of e v a l u a t i n g  ASW c r ew p e r f o r m a n c e  as
an i n t e g r a l  un i t  f or  such ac t iv i t i e s  as dep loymen t  and pe r f or i u an c e  of the in —

(l iv id u a l  c r e w  m em b e r s  for  the purpose  of ident i f y ing t r a i n i n g  p r o b l e m s .

To he exp l i c i t , t h i s  pr op o s a l  i s  conce  r u ed w i t h  t h i s  pr o b lem  onl y fo r t h e  SP2H
and P IA a i r c r a f t  c rt - w s  who b a s i c a l l y h avt  the  same o r g au i i i . a t i o n .  The c r e w

o r g an i ~~at ion  as  dep i c ted  in Fi g u r e  ~ is  g i v e n  as  an aid (or d i s c u s s i o n  and i s

not o f f i c i a l .

I I 
_ _ _ _

$ ‘I II
[C::R~~~~T~R I ~~~~~~ N AV I GATOR 

I [ 
CO~P IL O T

j

_____ I ______ I

_ _  
~~ 

_ _ _• SENSOR [ ORDNANCE _______ RADIO 

~ J FL I GHT 1OPERATORS OPERATOR O P E R A T O R  ENG I NEER

CREW MEMBERS
SOLELY FOR AS M NOTE: THE ENTIRE CREW HAS ASI RESPONS-

ISILITI E S. THE WASH LINES INDICATE
( ‘ 

. 

. PERSONNEL ADDED TO THE OR ISINAL
1. CREW TO INCREASE THE ASS CAPABILITY.

[ FIG. 2 CREW ORGAN I ZATION FOR THE SP2H *110 P3* AIRCRAFT

The PPC (Pat ro l P lane  Comman de  r )  I s rt ’  spoui s ib le  f o r  s a f e t y of t h e

~ c rew and ai ru  r a f t  as w e l l  as the  sued ’ s slut  comp l e t i o n  of t h e  ni i s  Si Ofl s a s  —

s igned to the  c r ow .  H o w e v e r , wh e n  on an ASW m i s s i o n , t h e  PPC is  not in

a p o s i t ion  to adequa te l y e v a l u a te  and co or d in a l  e the  t a c t i c a l  ac t  i v i l  it ’ s ot

‘.7-
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the ASW crew and fulfill his responsibilities as the pilot in com mand . In view
of this , either explicitly or implicitl y, authority to coordinate and direct  the

L tact ical  problem is delegated to the TACCO (Tactical Coordinator)  who is a
NFO (Naval Fli ght Officer)  specially trained in airborne ASW tactics.

1. The members  of the crew within the dash line s of Figure 1 are solely con -

- cerned with ASW , with the TACCO being the key information user and subsequent

j decision maker .  Crew members outside the dash line s would constitute part
of a f ixed-wing crew for  any a i rc ra f t  comparable to the SP~ H or P3A; however ,

A they do , in fact , play an integral part  in executing the ASW problem. The PPC ,
of course , pilots the a i rc ra f t  from point to point , and the navi gator aids the
TACCO by keep ing a graphic record of the ASW problem as it develops.

This past year ’ s effor t  has been focused upon the TACCO’ s position since
he is the princi pal ASW decision maker and his position was appropriate for
evaluating the information indexing model. While the present indexing model

• was sa t is factor i ly evaluated , there remain several research problems directly
related to the TACCO being an information user .  The proposed effor t  is again
primarily concerned with the TACCO and his responsibility; however , other
crew members are necessar i ly considered because of their interaction with
him . Further , once thi s key position has been soundly studied , attention will

• then be concentrated on othe r crew positions , keeping in mind the primary pro-

gram objective of an integrated crew proficiency measurement instrument .

Fi gure 3 shows a tentative block diagram of a proposed research program

designed to reach the above objective . While the program goal will remain the

same , the resul t s  of each year ’ s effor t  will , of course , call for  more modifica-
tion of the plan . Thus , the research problems and time schedule are tentative
depending upon the results  of subsequent research tasks and development in
ASW research in general . The remainder of thi s proposal will describe the
problems and subsequent research tasks for  fiscal year 1968 as shown in

• L Figure 2.

It will be noted that the problem arrangement in Figure 2 is somewhat out

~ L of alphabetical o rder .  Thi s was done to simplif y the diagram flow. The prob-
lems are le t tered as they will appear within this proposal .

-8-
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I. The five problems and corresponding tasks are discussed individually with

time for  completion estimate for each. However , this should not be viewed as

actual man-months  per task.  The actual man-power required for  each task

will be shown in a separate man-power allocation chart for  the entire research

effor t . This chart , biosketches , and f iscal  information will follow the technical

discussion of the research .
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III. PROPOSED RESEARCH

I Problem A

I 
The discussion to this point has been concerned with the SPZH and P3A

crews as the y are presently organized. Currently,  a new concept in crew

organization is being considered and will be evaluated by members of the

I VP-44 squadrons. This evaluation will be concerned with the two-TACCO

configuration concept . Work has been undertaken by squadron personnel to

I develop a preliminary experimental approach . Todate , two discussions as

to the experiment have been held between VP44 and the project F/R 97 per-

I sonnel from HRB-Singer.  The task is far  from simple , in view of these

circumstance. It is here proposed that HRB-Singer collaborate with VP-44

personnel throughout the various stage s of the evaluation program.

L The two-TACCO concept is to be evaluated by means of the P3A t ra iner

r at VP-44 and possibly by controlled exercises. The former  usually presents

I. numerous problems, and the latter is likely to be even more difficult  to control.

- It is strongly recommended that HRB-Singer personnel provide technical support

on the evaluation in the same fashion as has been the case in F/R 97.

r Briefly, as the name implie s the two-TACCO concept requires two TACCO’ s

L per crew. One TACCO would be the man who turns the knobs , views the scope,

and otherwise keeps the information up-to-date . A second TACCO would be

1 
senior of the two and the principal decision make r directing the crew ’s

• activities. Essentially, what is presently the TACCO’ s job would be divided
• 

• I between two NFO’ s. The question is whether two TACCO’ s are , in fact ,

better than one TACCO in a crew. If two TACCO’ s are better than one , then

I to what degree is this the case ?

As a means of obtaining quantitative dat a concerning the above questions ,

• 
I 

the P3A trainer at Air Development Te st Center at Patuxent Rive r , Mary land ,

and the similar trainer at NAS Brunswick , Maine , show considerable promise.

They also have good face-validity. It is recommended that controlled ASW

exercise requiring any special arrangements outside of VP-44 be postponed
P and be based upon the simulator results.  The simulator verification of the two-

I TACCO concept is briefl y described in the corresponding task .

-1 1-
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Task A

To evaluate the two-TACCO concept, four distinct steps are required. Each
of these steps will be briefly described with an e stimate time period required
for completion.

• First , the experimental design must be worked out in detail. Thi s step
includes identif ying operationally the independent and dependent variables . For
example , what type of information will be made available and how much of the
target  area is reduced in a g ivent ime estimated ? Also , included here are such

I 
problems as selecting the appropriate statistics in view of the research que s-
tions , scheduling the subjects on a leas t - in terference-basis, and scheduling
the use of the simulator at Patuxent Rive r or Brunswick . It is anticipated that

- it will take five calendar months to complete thi s step .

The second step is the data collection . This may be done either in Bruns-
wick or Patu.xent River , depending upon the availability of eithe r of the two
identical t ra iners  and assignment s of the air crews involved. Unlike the ASW
Tactical Trainer in Norfolk , Virg inia , only one crew at a time can man the
P3A trainer;  thus a longer data collection time will be required.  Two calendar

- months would be allowed for this step.

Step three is one of data reduction and analyses .  While the data reduction
• would have been started during the dat a collection period , it would continue well
- beyond that time . In view of the anticipated complexity of the data and subsequent

- 
I L analyses , this step would take three calendar months to complete .

• r The last step of the proposed research for evaluating the two -TACCO con -
- . - 1. cept is that of developing the appropriate comparison for making substantial

- 
recommendations concerning the present and future airbo rne ASW crew con-

~ J fi guration. Thi s step would require approximately two calendar months.

I 
Problem B

A primary assumption of the information indexing model evaluated this year
• 

[ was that the experienced and successful TACCO’ s could make valid jud gments
concerning the relative usefulness of items of information.  While this assump-

• I tion received substantial support which reasonably answered any que stions about
the experienced judge , it left  a second que stion completely unanswered.  The

I que stion of pri me importance,for a te sting situation is , can an inexperienced

-12-
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hut  t r ,u n t ’d l A C C ) a t  so i~~~ k -  su ch  val id ILI l i gm ef l I  s ‘ One u n u l d  exp e ct  ~i d i f -

-• t e r t ’ nt  s t t  c i s~~.t l e s  ,ind p er t  r m a n~ e s c or e s  t r t ) m  i l l exp e  r u -  u t -e d men  t h a n  t h o se

ob t a in e (j  I r em expe r i e n~ ed mt’n - l’h i s  que st ion  \% . is nu t  eval  oat ed in t h e  ASW

1 t r a u ne r .  T h er e  a r e  Se \  e r a l  r c l a t u e n sh L p s  w h u - -h need v i e w i ng  to  c o mp l t ’t t ’ the
i n v e s t i g a t i o n  t i t  t h e  i n d e x i n g  mode l  f u r  use  in  t e s t i n g  s i t u a t i o n s .

F i g u r e  4 g i-ap h~c a l l v  i l l  u s t  r a t e s  the  r e l a t i o n  shi p inht ’  r en t  in  t h e  i n d e x i n g

m odel  w hen  it  i s  t o  be app l i e d  t~~ t h e  t e s t i n g  s i t u a t i o n .  The r e l a t i o n s h ip
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. — —  — ~ .‘V ~ as cv .tl oa t  t’ d d u r i n g  t he p a s t  v ~‘ .u i~, I t ’ av in  ~ I h r e e  ci he r rt ’l . it  io n s hip

- 
t o  lit ’ 1fl\ e si t  gal t ’d . l’he s e v L SI at  i o n  s hip s

X

• 
~t i l l  be r c I a t u ~ e Iv s i mp le t t ~ ‘~~ .i l u , m t t ’ s i n~~t - t h e  p i ’ I m m m m i , m r v  t t -~ h n u c . m l  t~o rk  had

been  c o inp l i’t i ’d w h i t e  cv .11 u ,t t  I ug t h e  N — ~~y 
-‘ ~~ I at ion s hip .  I c  e~ .il u at  i’ t h e

o t h e r  r t ’ 1 a t m t ~n s h m p ~ . a si . i b l i - i u m n i h e r ‘‘ t  i I i e x l ) t - r i t ’n u t ’t I j ’A ( t O’ 5 \ \ i ’ r t ’  f le e t  s s .i r v  -

Such .i g r o up ,  u , i , m v , i  i l a l i l e  d u r i n g  t h ’  ~~~ st ~~c rk , i s  fl~ ’~~ a~ , , i l a h l e  and it  i s  p r~ ’ -( po st’ct t h a t  t h e  r e s t ’a  r ch  be c ( )n lj ) l  e t i ’ d.

-• I BI’ t N’ I he se .il i ’S .1 N’ u sed  i i i  .m 1i s t i n g  s i t  i i . m  I i  c I t  • u l  i~ o ul d  be de si i ’ahte  to

h av e  the  t o l l ~’w u n g  r e l a t i on s h i p s  e x i s t
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Of c o u r s e , the X A ~ ~ A r e l a t i o n s h i p has been shown t o  ex i s t , and the

• groups  of new NFO ’ s in V P — 4 4  wi l l  make ’  it poss ib le  to complete  t h i s  invt ’ s t u g a—

I ‘ t ion of the i n d e x i n g  model in  i t s  p r e s e n t  fo rm .

1H  Task B

As men t i o n e d  p r e v i o u s l y,  the  scales  and Pt ’ r i o rma n c  t ’ da ta  f o r  the’ t ’xpe r m —
- 

enced TACCO have been col lec ted  and anal yzed .  in a n t i c i pa t ion  of p o s s i b ly  in-

v e ’st i g a t i n g  the r ema in ing  r e l a t i onsh i ps the data  c o l lec t i n g  i n s tr u m e n t s f o r  the

scal ing data we re g iven to VP-44 personne l  who a d m i n i s t e r e d  t hem t o  the  new

- g roup  of NFO ’ s in that squadron.  Having  comp leted t h i s  i n i t i a L  s tep,  fou r  s t eps

- remain  and wi l l  be b r i e f l y d e s c r i b e d .

• The f i r s t  step cons is t s of r educ ing  the  sca l ing  da ta  obtained and s u b s e q u e n t ly

develop ing the scales .  The sca l ing  procedure ’s w if l  be f a c i l i t a t e d  by th e’ u se  of

computer  progran-i s a l read y in cxi  st en c e .  However , bec au se of comput ion

cen te r  t u r n - a r o u n d  t ime , e t c .  , th is  step is  es t imated  to r e q u i r e  1- l/ .~ c a l e n d a r

months .

• 
r 

- Step two invo lves  r e — c  s t ab l i sh ing  the ASW s imu la to r  problem to be used
• again in the ASW Tac t i ca l  T r a in e r .  The use of t h i s  t r a i n e r  is  e s s e n t i a l  f o r

• control  purpose s . At the p r e sen t  t ime , Task Group Del ta  of AiR WIN GSALAN T .

has been alotted avai lable  t r a i n e r  t ime f o r  such e x p e r i m e n t a l  pu rp o s e s .  Th i s

step ends with the co l lec t ion  ot’ pe r fo rn -t an&’e data .  The t i m e  r e q u i r e d  would be

one calendar  mon th .

Once the p e r f o r m a n c e  data has been c o l l e c t e d , dat a r e d u c t i o n  t o l l ow s  f o r

the anal yse s .  These anal yses woul d be t h e  sam e as t h o s e’ pe r fo  rined on the  dat a

obtained f rom the experienced  TACCO’s; e.  g . , the AOV w i t h  o r t h o g o n a l  pol\-

Ji nomial s would be employed to e s t imate  the co r re spondence  be tween the  Iud ged

value s and the pe r fo rmance  scores .  The data  r educ t ion  and i n i t i a l  a n a ly s e s

would take 2— 1 / 2 ca lendar  month s to e-omp l et e

-‘ 4-
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i’lit ’ I d s I  st e p  of t h i s  t a s k  i s  t h e  - i - t t a l t l i s l u n t - n t  t i  t h e  c om p a r i s o n s  as  d i s -

~i s s t ’d a l io~ 1’ . i- .g .  - X ,,~ ~i i i i I 
~

‘
A V .  l ’h i s , i t t  t l t i i’ ’.e , w ou l d  i’ e ’ ( ( L i I I ’ i ’

s t a t  i s t i a t  a i i i l v s i s . At l( ’. is t t w o  a l e i t d . i i’ i t i o m i t h s  w o i i l t l  l i e  used t e ,  ( ‘v a l u a t e

a n(l e t m u p a r e ’ a l l  t h e  e ’ s s e ’ i i t  m a l  r e l a t i o n sh i p s  . is  t h e~ pe ’ i ’ ta i n  t o  t e s t i n g  and an

add i t  iot ia l  pe’ r iod t i !  I ime’ of ap~ i’u x i  t h a t  c lv  t u a l e  n ( la  F m o n t h s  wou ld  be i’e —

qu i  red to  p r e ’pa rt ’  t h e  r t ’p&i r t  -

P rob lem C

W h i l e ’  t he’ i’ t’ su i ts  ut  the ’  p a st  y e a r  s w o r k  i n d i c a t e  t h a t  t h e  model  h a s  shown

• c o f i S  ide r a b ic  p F ou l  i se a nd so m e’ di r ee l  app l ic a lnI  i ty  t o  f l e e t  ASW p t’ob le ’nis  , i t

has  not been e x p a n de d  t o  b a n d i t ’ t h e  f o l l o win g  c a s e s  One’ , a s i t u a t i on  whe’ rc

c omniande  i’s get  a in ix t  u r e ’ of in f o  rn i at  ion — sonic of w h i c h  is  i’al id and sonic

of w h i c h  i s  f a t  se - - and t h e n  m u s t  d e c i de ’ wha t  to  do w i t h o u t  k n o w i n g  the  t rut ’

v a l i d i t  v of the  d a t a .  S e c o n d ,  s i t u a t i o n s  whe’ re t he  r e’ i s  m u l t i  s t age  i n f o r m al  ion

h a n d l i n g  ~
‘ - g . , a sen  so I’ opt ’ r a t o r U s e ’S a s~’ r m e’s 01 cue’ t a r n y c  at an int e  rp re —

t a t i o n  w h i t -h is then  passed  along to  a TACCO who c o m b i nes  t h i s  in t e  r p r c t a t i o n

with o t h e r s  made by othe r sensor  op e r a to r s  to a r r i v e  at a decis ion . This

second s i tuat ion is dep ic ted  in d i ag rammed  fo rm in F igure  5. If both cases

could be adequatel y de sc r ibed  by a behav io ra l  p r e d i c t i o n  model , a good p o r t i o n

- 
I of actual ASW c r e w  p e r f o r m a n c e  could be pred ic ted  and s imulated.

S TAGE I I STAGE I t

CUES

~
‘11 SENSOR
J OPERATOR A I

— “i T A C T I C A L
— ~ SENSOR COOR DINATION ~~ DE C I S I O N

) OPERATOR B O F F I C E R

L 

‘

~~SEN SOR
JOPERATOR N I

J i i
FIG. 5 ILLUSTRATIO N OF TWO-STAGE DECISION-M AK ING PROCESSES IN ASW OPERATION S
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Task C

It i s  s u g g e st e d  t h a t  w o r k  be u n d e r t a k e n  t h i s  y ea r  to exp an d  t h e  model  to
ta ke ’ ac- c ou n t  o f th e ’ f i r s t  of the ’ Se p r ob l em s

• • This  case ’ would be co nc e  m e d  w i t h  e x t e n d i n g  the  model  to take account  of  a
m i x t u r e  of c o r r e c t  and e r r o n e o u s  i n f o r m a t i o n , an d wi l l  b e n e f i t  f r o m  work  dot-i c
on re la ted c o n t r a c t s  to othe r a g en c i e s .  F i r s t , assume’ that  the  decis ion-making
(or r i s k )  s i tuat ion is s y m m e t r i c a l ;  e . g .  , the cost of having e r r o n e o u s  informa-[ t ion  of type is p r o p o r t i o n a l  to  the  value of h a v i n g  c o r r e c t  i n f o r m a t i o n  of type
j:  Second , ass ume that  the  e n t i r e ’  set iii p o s s i b i l i t i e s  can be desc r ibed  by a
m a t r i x  s imi l a r  to the  one’ shown in Fi gure ’  6. Also , ass ume tha t  the e n t i r e  set

[ SENSOR OPERATOR R EPORT

, •
• 

SURFACE CON- TARGET OF
NUCLEAR CONVENT IONAL TACT OF NO M I L I T A R Y

SUBMARINE SUBMARINE MILITARY 
INTEREST

INTEREST

- 

W ITHIN CAT- D IFFERENT

NUCLEAR CORR ECT EGORY M IS- CAT EGORY 
O M I T  ERRORSUB MA RINE REPORT ID E N T I F I C A M IS IDE NT I-

• T ION FICATION

TRUE ________________ ________________ ________________ ________________ _______________

STATE
WITHIN  DIFFERENTOR CONVEN- CATEGORY CORRECT CATEGORY

M IS IDENT I- REPORT MIS I QENTI-
SUBMARINE

FICATION FICATION

— SURFACE 
DIFFERENT DIFFERENT

CONTACT CATEGORY CATEGORY CORRECT
OF MILl- M IS IOE N TI- NI SIDENT I- REPORT 

O M I T  ERROR
TARY tN— F I C A T I O N  F I C A T I O N

TARGET OF
NO MILl- FALSE FALSE FALSE CORRECT

TART IN- ALARM ALARM ALARM REPO RT
TEREST

I FIG. 6 A SAMPLE CASE DESCRIPT I ON MATRIX OF SITUATIONS WH I CH CAN
ARISE IN *SW TARGET DETECTION AND CLASSIFICATION .

-~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -16~



i I I ~~~ i~ S I N C L  t-~ I N~~

of e r r o n e o u s  r epor t s  can be grouped into the fo l lowing  f o u r  c a t e g o r i e s  case ’s
where  one t a rge t  is c l a s s i f i ed  as anothe r s imilar  type’; e. g .  , a n u c l e a r  sub-

marine  is c la s s i f i ed  as a convent ional  submarine  ( m i s i d e n t i f i c a t i on  w i t h i n  a

ca t e g o r y) :  case s where  a t a r g e t  is m i s iden t i f i ed  as one f a l l i n g  i n to  a d i f f er e n t

e-ate go rv ; e . g. , a nut - l e a r  subnia r i n e ’ m i s i d e n t i f i e d  as a su r f ace ’  v i ’s set of n i i l  i —

t a r y  i n t e r e s t ;  t h i r d , e r r o r s  of onii ssion when a t a r g e t  is not de tec ted  or  ident  i —

lied at a l l ;  and fou r th , f a l s e  a l a r m s , or  case’s where ’ som ething of no m i l i t a r y
• in te rest  is  c l a s s i f i ed  as a t a r g e t .

All of these ’ Si t u a t  ions  are  shown in F ig u r e  t~ - Note ’ , howeve r , t hat t h i s
mat r ix  cove’ r s  on ly  the  d e t e c tio n  and c la ss it ~~-at t on aspe cts  of ASW opt ’rat  j e ) f l s .

Anothe r c ruc ia l  t a sk  is l ocal i , .a t ion .  D u r i n g  loe’ al i zat  ion , it may be tha t  t he

mat r ix  collapses  in t o  one h a v i n g  on ly  t h r e e  c a se ’s: an at - c or ate sensor  repo rt

• is rece ived , no sensor  repo rt is ree - e ’ive d . or  a fa lse ’ a l a rm is g iven  - D u r i n g
the’ loca l iza t ion  phase’ , it is doubt fu l  t h a t  m i s i d e n t i f i c a t i o n  e r r o r s  have’ a chance ’
to conic in to  p lay;  the’ refore ’ . thi s v iew appears  to be r easonab le .  it ii is  found

to be so . a l t e r  d iscus  sions with  op e ra t i ona l  per  sonnet , Soflic’ i n t e r e s t i ng  con-
sequences r e su l t .

‘ I
F i r s t , as has been noted in  pr ev i o u s  r e sea rch  by M cK en d r y ,  H a r r i s o n ,

Biritbatim and Sadacca ( 1967) ,  the least  eos t i~’ e r roneous  rep or t  M’ -. e rr s  t a r g~’t
mis iden t i f i ca t ions  of v a r i o u s  types .  By d i s r e g a r d i n g  th i s  t y p e  of e r r o r  cu t  i r e ’ l v ,

it is probable that  not too much desc r i ptive ’ powe r is lost . The r e f o r e , a s i n g le’

equat ion can be used to descr ibe  behavior  d u r i n g  the d e t e c t i o n ,  ioca i i~~a t  ion ,

and c l a s s i f i c a t i o n  phase s of ASW opt ’ r a t i o n s  - Deve lopmen t  of a pre~ ir n t n ary

expanded ve r s ion  of the basic modt’l is g iven below in a fo i’m wh ic h  a SSUhi Ie’ S

that  onl y the three  cases enumera ted  above’ need be con s ide’re ’d.

Samp le Model Expansion

In the present  vers ion of the niodel , to f i nd  the’ ut i l i t v  cit con  r ect  in f o r m a t  ~on
Li in a single message, one uses equat ion  ( I )

— ~ k~ u~ ~l )

- ‘  - 
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where

U . wor th  of i nfo rma t ion  c ontained in the ,1 th  nies sage

ri the numbe r of n iu tua l lv  ex c l u s i v e  c o l l e c t i v e ly  exhaus t  lye ’
con ten t  a re ’as  found in the message

k . numbt ’r of i t ems  in t he’ c on t en t  a rea

ave rage ’ p e r t - c’ ived value ’ of i n fo  rm at  ion in I~ 
h c omit e mit a r ea  -

To compute the value ’  of c o r r ect  i n f o r m a t i o n  in a g roup  cl i  m e s sag e ’s U S ( ~ e ’c~ u d —

t ion  (,
~~)

i N  N n
t ~~ 

~.. ~~. - ~~ - ( ‘ )
- i - - 1,) lj1 = 1 1

where

U — wor th  of i n f o r m a t i o n  conta ined  in a g roup of n ies  sage’ s

N numbe r of m e s s a g e s.

To take account  of net wor th  r e s u l t i n g  (r u in  cost s a s soc i a t e d  w i t h  er r o n eou s

i t ems  of in format ion , the fo l lowing  t e r m s  need t o  be added:

- the c-u St a ssoc’iated w i t h  a ta l  sc’ a l a r m  e r r o r  f o r  it em i t s  ci t  the ’) ~th c’ at c ’gcirv in a s ing le ’ m e s s a ge ’

1 the numbe r of fa lse ’  a l a r m  e t r u r s  in  lio’ ~th  
c a t e g o ry  in a

• s i ng l e  message

- = the cost assoc ia ted  wi th  an en  r or  of ut-n i ss ion t o n  I t e ’t f l s  of t h e ’
• 3 1th ca t egory  in a s i n g l e  message’

hn-i - the nurribe r of omit  e r r o r s  fo r  the  ,~
t c- a t eg or v  in a s i n g le ’

message’.

Si nc’e the tern -is are nega t ive ’  ( the y de t rac t  f r u i t th e’ w o r t h  of the ’ message ’ t , the

net u t i l i t y  of a sing le’ flit’ ssage ’ (a’ .) becomes as f o l l o ws  — — w h i c h  is  a ineidit e t a —

t ion of equation ( 1)

it n it
• — ~~ k - cv - - ~ ( - — i-i’ 
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[ Collect ing t e r m s  and simplif y ing ,  the express ion  become s

4 ii n
- ~~ k.  IX ,  - E ( i .  ~~ . + rn .  i- ). (4 )
i -

~~~~~~~~~~~~~~ = 1  ~~~

1. To compute the net u t i l i t y  ~~~) of N messages  the exp r es s ion  becomes as

fol lows:

N N n N n
• U ~- T ~ k , , cv.  - ~~ (L .  + rn ‘r - ) (5)N i - i ’ j = l k ~~ l ’ 3  13 i = l k - l  IJ C 1  11~~~~J

These c ’xpress ions  c ould be w r i t t e n  t o  p e r m it  e s t i m a t i o n s  to be made when

one k n ow s  onl y the p robab i l i t y  of a c o r r e c t  i tem of i n fo rma t ion  of the 3
th type

to occur  (it -i ) .  For examp le , the single message equat ion now becomes

U. cv
,~ — [(i — ii

i
) *~j 

-I- ‘r . ) ] . ( h )

While t h i s  development  coul d be expanded f u r t h e r , and the express ions  them-

- selve s coul d be simpl i f i ed  in the process , the above m a t e r i a l  should i l lu s t r a t e

one promis ing  line of development.

To accomplish th i s  work the following steps would be taken:

[ 
1 F i r s t , a f t e r  v i s i t s to Norfolk , V i r g inia , and a review of the  opera t iona l

ASW f l ig ht t r a i n e r  at Brunswick , Maine , the in i t ia l  cons t r a in t s  upon the model
- 

~ 1 would be formulated (i ca lendar  month) .

Second , when these con t ra in t s  a re  reviewed , as well as o thers  gained in

I s taff  d iscussion , a t r i a l  ve r s ion  of the model woul d be formulated (i  ca lendar

month) .

I 
Third , thi s vers ion would be field checked to insure  that  it desc r ibed

adequatel y the ope rational ASW env ior nmen t  (1 ca lendar  mon th ) .

I Fourth , an experiment would be planned to tes t  the model us ing ROTC stu-

dents  as subjects (2  weeks) ,

1 - 19-
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1. F i f th , t he f i r s t  model va l ida t ion  e x p e r i m e n t  would be run and r e’su lt s would

be anal yzed (~ ca l enda r  mon ths ) .

Sixth , a secon d smal l e r  expe r i m  would be’ p lan ned and run to  answe r

- q u e s t i o n s  r e m a i n i n g  a f t e r  the f i r s t  expe r imen t  (..~ a l en d a r  m o n t h s ) .  Tech-

1 .  mea l r ep o r t s  would be i ssued  a f t e r  ste ’ps f ive ’ and s ix .

Prob lem D

The c u r  r en t  s tudy undc’ r N~ n r  4 4 4 1 (0 0 )  c o n c e n t r a t e d  ore one c rt ’w me’niber ,

n a m e l y ,  the TACCO. and i n v o l v e d  ,fu s t  one type  of opt ’ r a t i o n ;  thc ’ open ocean

searc h in i t i a t c ’d  by a SPA, The TACCO is  the  key member  of the a i r b o r n e

ASW team and h i s  a b i l i t y  to ad ro i t l y execute  h is  du t i e s  in p ros e’cui t in g a t a r g e t

can dete r m i n e  t he’ succc ’ss or f a i l u r e  c)f the  c r e w .  The i n f o r m a t i o n  i n d e x i n g
- • was app lied to  the ’ TACCO’ s i n f c r m at ~on - p ro ce s~~in g t a s k , i . e .  , t he t a sk  of

ta king  in fo rm a t ion , as i tbecornes  avai lable , and de te rmin ing  s u c c e s s i v e  c c u r s e s
of a c t i o n  fc) r the c rew t o  fo l low.  The re la t iv e ’  u s e f u l n e s s  of any i n f o r m a t i o n .
howeve r , is d i r e c t l y re la ted  to a p a r t i c u l a r  p rob lem to be solved; and i- ’, t h i s

case, it was t he open ocean SPA ques t ion .  While t h i s  op e ra t ion  is c e r t a i n ly  a

r ep r e s e n t at ive  task  of the  a i r b o r n e  ASW a c t i v i t y ,  it is not t h e on l y one; e. g.
• t he b a r r i e r  type of ope ra t i on  require ’ s one or mo r e’ a i r c r a f t  to mon i to r  a s t ret .~-h

• of wa te r  between two points  of land , thus  p rov id ing  a p r o t e c t i v e ’ s c r e e n .  The

p rob lem . t hen , is  one of deve lop ing add i t iona l  scene n ios  fo r  o the r  type s  of mi s-

s ions , c o l l e c t i n g  app rop r i a t e  jud gmen t s , and deve lop ing t he’ e- o r r e s p onding
- scales.  Whi le  th is  involves  t h r ee  steps fo r  each type ’  of m i s s i o n , c o ns ide rab l e

ove r la p in the i r  accomp l i s hment can be rea l i zed  by prope r pl a n n i n g  and schedul-

ing.  Following th roug h in th is  endeavor  t akes  advan tage  of ‘he ’ w o r k  comp l eted

d u r i n g  the past y e a r .  Thi s is t r ue  since cons ide rab l e  t i m e  and e’ f f o r t  was

n e c e s s a r y  to de te rmine  the const i tut ion of n-ieaningtul i tems ef i n t o rm a t i o n  pe r t a in -
ing to pr e sen t  day a i rbo rne  ASW opera t ions .  The w o r k  proposed would con-

I 
st i tute  the app l ica t ion  of the model to cover  the e n t i r e  spec t rum ot a i r b o r n e

ASW s i tua t ions  encountered  by the TACCO’ s. In summary ,  a niore comp l ete

SPA SOSUS-probabil i ty  a rea .

E Thi s assume s that  the t a rge t  submar ine’  is wi th in  the range  of the s enso r s
and the ph ysical  condi t ions  are as such as to p e r m i t  de tec t ion,  e tc  -

I - ,~o-

- -I 
_ _ _  _ _  
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1 range of item value s would be available to apply to test  construction and to the

analyses of ASCAS’ s.

r Task D

-‘ 
There are three othe r tVpes of ASW missions in addition to the SPA mis-

• 
r 

sion. The objective of thi s task is to obtain scales for  each of the remaining

III missions.

The f i r s t  step in thi s task would be the careful  development of scenerios

L for a

1. Barr ie r  operation

2. HUK Force

3. Convoy escort .

U Thi s step would require 4 calendar months to complete .

Once the scenerios were developed and approved by Task Group Delta ,

data collection instruments would be formatted and produced, and a r rangement s

would be made to revisit the squadrons to obtain the data. Thi s p repara to ry

• p L step would take 1/2 a calendar month.

The actual data collection would require 2 calendar months.  It is  antici pated

that HRB-Singe r project personnel would visit each of the squadrons on the

Atlantic Coast to admini ster the questionnaires.

The final step would result in a catalogue of scales for  variou s ASW situa-

tions. Leading to that end product would be the reduction of data and subsequent

scale development for each scene rio . Thi s step would take 3 calendar months

to complete . Such a cat alogue of scale s would be useful when ASW te st s were

to be developed. Test development is the topic of the final problem area.

L
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I One of the poss ible  use’s of the in fo rm at ion  sca les , developed d u r i n g  (lit ’
pe rv ious  year , is in the a rea  of to ’ at const rue t i on . Eruploynt ent  of the ’ se st-al e ’s

I for  that purpose was dcnion st rated b y c o n v e r t i n g  the actual  sca l ing  data cul-
• l ec t ion  inst  runient  into a pape r — and — pencil — type of p r o b l e m —  s o l v i n g  to ’ st . To

act ’ t em pt i sh t h i s  the’ p a i r  — e’ onipa r i son f o r m a t s  we no’ r eneov ’d f r o m  t h e  v a r iou  sI c r i t i c a l  point s of the ’ scene r io . At those  sante p o i n t s , co inb ina t  ions  of se’uso r
i n t o  ru t a t  ie ) f l  We ’r e m t  roduc-ed w h i c h  were  re levan t  to the’ t a c t i c a l  s i t  uat ion of the ’[ sc -c’ no’ r i o .  The’ va r io t i  s c’onibinat  Io n s  t ’mp loyed we’ i.e s i m i l a r  in value ’  ut  ii s e  —

f ul ne s s  a c c o r d i n g  te) t he  d e r i v e d  sca les . Insofa r as a ta c’t i c ’ w i l l  b r i n g  only
c c  r t a in  sensors  in to  t a r g e t  range ’ while ’ exc lud ing  o t h e rs  by one means  (Jr
anothe r , onl y c e r t a i n  combination a o f  info  rmat  ion could t~ c’ cur  f or  a p a r t i c u l a r

~- t a ct i c .  Such e)bt aint ’d combina t ion s , of course’, can al so be sco red b y u s i n g
1. the u t i l i t y  scale’s.

- Cc ‘~t 4inl y the ’ sca l ing  dat a co llect i on  inst  rume ’nt s and subsequen t  scale’ s
f r o m  Task D of t h i s  proposal can also be developed i n t o  a pape r and pe’nc - i l  t e ’st ,
but  t h i s  alone would not be making  full  use of the ’ sc ale’ s and an c ’i l l a r y  i n f o  nina .
t ion . It is proposed here ’ , addi t ional  s tep s  be’ take n t o w a r d  c on s t r u c t i o n  of a
v a r i e t y  of test s re la ted  to ) a i r b o r n e  ASW. Such t e s t  s can be’ used for  l i tany
purposes , f or examp le , the’ ye c-art  be te’ st s fo r  s e l e c t in g  pe’ r sonne l  , f or  e’valua  —
ing t r a i n i n g  and for  o n — t h e —  ob p r o f i c i e n c y  measu re s .  Sp e c i f i c a l l y ,  th e  ob ,j o’c’t i v t ’

- would be to evaluate the r ec e n t  re ’sear e ’h in t e s t  c o n s t r u c t i o n  and app ly m’ e’ le ’vamt t
f i n d i n g  to) t o ’st s  fo r  a i rbo rne ASW.

L Task E

I TO) accomp l ish  t h i s  under Task E cons is ts  of s ev e r a l  e s sen t i a l  steps l ead ing  t o
prototype ASW t e s t s  based upon r e ’search f in d ings ,

Fir  at the r e sea rch  of to ’ at con at ruc t ion  wo uld be t ’evi ewed tak ing  pa rt  1 ci~! an

• note o)f i tem selection t echnique s , to ’ at f o r m a t s  and r e l evan t  v a l i d i t y  studio ’ s .

I This review wil l  r equ i re  approximate l y one’ c a lendar  month .

The’ second st ep would be’ t h ’  at tid y of the ’ re se’are’h f i n d i n g s , m c - l ud imeg  the ’

I scales of ’ Task D , w i th  the idea of making  ful l  u se  ot’ the ’ most  advan ~- e’d t o ’  at im i g
t echnology  in a i rbor m ’  ASW . Approx imate l y two e-a l e n d ar  m o n th s  would  be’ al l o t t ed

I 
tee t h i s  step.

- -
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• Finally,  prototype test s would be constructed as well as gu ide l ines  fo r  t h e i r
con struction. Thi s step would be the final  preparat ion phase and require ’ one’

~ I calendar month .

t~
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~ I IV. PROJECT PERSONNEL

I The following individuals will be responsible for the successful  completion

of this research program, Dr. James M. McKendry, Mr. Thomas P. Enderwick

I. 
and Dr. Paul C. Harrison. Each of these men have been directly involved in

$ ~~ 
the development of , or experience with , the techniques which will be applied

V during the course of this study and thus , will be the co-principal investigators.
All other members of the research team will be assigned f rom among the per-

sonnel described in the biosketches which follow.

L

1.
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MANION I RA Y M O N D  C . ,  R e s e a r c h  Psycho log i s t

I EDUCATION: M. S. in psychology ,  U n i v e r s i t y  of Utah , 1966; B. A. in psycho logy ,
U n i v e r s i t y  of Redland s , 1958; cand idate for  Doc tora l  degree , The P e n n s y l v a n i a

i 
State U n i v e r s i t y .

E X P E RiE N C E :  HRB -S inge r , Inc .  , l9b ~~— , R e s e a r c h  Psycho log i s t , de’~ clop-
I mcmii  of programed i n s t r u c t i o n  ma te r i a l s  for  the  U n i t e d  States  A r m y  and the

Uni ted States Air Force ;  development  of s t r a t eg ic amid t a c t i ca l  im cu ’l l ig  enco ’
t r a i n i n g  m a t e r i a l s ; pre’pa ra t ion  of m at e r ~al s  for  m i l i t a r y  sy s t e m  ev a l o m a t ~ on
d u r i n g  the Opera t iona l  Evaluat ion .  — — — Pe’at , M a r w i c k , M i t c h e l l  C o m p any ,

j 1 9bt i  — , Consu l t an t , C o n s u l t a n t  in the ’ area of v o c a t i o n a l  ed u c a t i o n :  d e s i g n
c u r r i c u l a , dete rmine ’  select ion c r i ter i a , se lect e v a l uat ~o’i too l s  and t o ’1 . h,  i q i i  ‘

~~

develop e x p e r i m e n t a l  des i gn , e tc. - - - Appa lachia E d u c a t i o n a l  L a b o r a t o r y ,
Inc .  , 1 9t ’~ — , Consu l t an t , Consu l t an t  in the ar ’a of educa t iona l  r e s *  ar
desi gn , p repare , rev iew , and evaluate  p rog rams  for  educa t iona l  r e s e a r c h ,
especial ly as they  re la te  to voca t iona l  educa t ion , school dropouts , couusc ’ 1i~~g
and p lacement , amid exper imenta l  des i g n .  - - -  The Pennsy lvania  S ta te  U n i v e r s i t y ,
19 t5 -  , r e s e a r c h  wi th  p rogramed  i n st r u c t i o n , c o m p u t e r-a s s i s t e d  i n s t r u c t i o n ,
and other areas of i n s t r u c t i o n a l  media ; s t a t i s t i c a l  im cfe re ’nc  o’; s chool  d rop o u t s ;
vocat ional  educa t ion ;  c u r r i c u l u m  of hi gher  e d u c a t i o n ;  and e d u c a t i on a l  s y s tem
modeling . — — — Ordna nec Re ’ s e’arch Labora tory ,  The P emins y lva n ia State’ Un i  -

vera i ty,  I 9b~ — 1 9 6 6 , deve lopment  of m a i n t a i n a b i l i t y ,  t r ai n i n g ,  and t ec-hn i ca l
publ ica t ion  r e q u i r e m e n t s  and t echn ica l  m o n i t o r i n g  of these  p rog rams  for  a
major Uni ted  States Navy ASW weapon sy s t em ;  prepared  work  s ta t e m e n t s  and

• I .  other mater ia l s  for purchase  reques ts ; p repared  c o n t r a c t  m a t e r i a l s ;  sc ’rvc ’d as
techn ica l  advisor d u r i n g  con t r ac t  negot i a t~omi s;  developed and d e l i v e r e d  u a r r a t i ” - e’

• and graphic  mater ia ls  for  f o r m a l  p rogram presen ta t iom i s ;  e s t ab l i shed  the ’ f o r n i a ’
• and g raph ic  mater ia l s  for per iodic  m a n ag e m e n t  levo ’l p rog ram b r i e f i n g s ;  pro ’  -

• pared materia ls for  computer ized repor t ing  using PER T a cid other man agc’me~- mt
- ‘  i n f o r m a t i o n  sy s t ems ;  scheduled , p lanned , conduc ted , and repor ted  on p e r iod i c

main ta inab i l i t y ,  t r a i n i n g ,  and t e c h n i c a l  publicat ion mee t ings;  pa r t i c’i p i t e d  in
I n d u s t r y — G o v e r n m e n t  ( inc lud ing  DOD) level planning  amid sp e c i f i c a t io n  p r ep a r a t i o n
for ma in ta inab i l i t y ;  developed ma te r i a l s  for eva lua t ing  and comp ar ing  c o n t r a c t o r

- e f f o r t s .  — —— A m e r i c a n  I n s t i t u t e  for  R e s e a r c h , 19 6 4 — I  ‘) t i 5,  d es i gn of a co mnp u ~e’r
L. model for s to r ing ,  process ing , and r e t r i e v i n g  h u m a n  f a c t o rs  data for  the U-~i t ’c1

State s Air Force and NASA; c u r r i c u l u m  deve lopment  for  i n s t r u c t o r  t r a i n i n g
courses for the Bell 1’ele phone Company;  de ’vclopnient of a guide  for  des i g n i n g ,
conducting , and evaluat ing  Pove r ty  Program educat iona l r e s e a r c h ;  deve lopmen t
of programed i n s t r u c t i o n  mate r ia l s  for  t h e  United States A r m y;  s t u d y of huma :c

-~ behavior in bomb shel ters  d u r i ng  a d isas t e r  in t e r m s  of managemen t .  amid g roup
behavior for the Off ice  of Civil  Defense;  per formed educa t iona l  r e s e a r c h  in
vocational education for the Ford Foundat ion to d e t e r m i n e  knowled ge a reas  f , r
job r e t r a in ing  and to develop cu~ ricu 1um i -m r e q u i r e m e n t s  for a vocat iona l schoo !;
consulted on the factor analytic design of exper imenta l  pr oblems.  -- - Un i~’e rs~ t v
of Utah , 1959- 1965 , conducted r e s e a r c h  in the ’ area of concept  f o rn i at ih n  and

• s tat ist ical  inference ; worked with n icasurenient  de~’ices in the arc- a of c r ea t v i t v ;
developed computer  rou t ines  in machine  language to compute f a c t o r  and r e ’gr e s s i on
analyses;  designed , conducted , and evaluated a s u r vey  to measu re  the educa t iona l
te levision audience for KUED-TV and Gran i t e  School D i s t r i ct  in Salt  Lake C i ty ,

-~ Utah. -- -  United States Navy Personnel  R e s e a r c h  Act iv i ty ,  I i l - l ’h i ’l , pe r -
• fo rmed human fac tors  anal yses of new weapon sys tems  ( d u r i n g  ear l y R &  D) to

L -Ui-
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I
I MANION , RAYMOND C . ,  (Cont ’d)

J de te rmine  adequacy of desi gn and m a i n t a i n a b i l i t y ,  and to p red i ct  p er sonne l
selection , manning , amid t r a i n i n g  r e q u i r e men t s .  Conducted pe r sonn e l  p e r f o r m —

L 
ance evaluat ions on weapon sys t ems  d u r i n g  the Opera t iona l Eva lua t ion ;  per  -
formed job and task ana l yses for  both opera to r  and m a i n t e n a m i c -e tec h n i c - ~ t us .
— — — G r a n i t e  School D i s t r i c t , l96~~

_ l~) t 3 , e l e m n e n t a r y  ~c-h o ol t each ”  r , cond uc t ed
re sea rch  wi th  programed i n s t r u c t i o n  and pupil  c o u n s e l i n g .  - - - Redland s C i ty

I ( Schools , 1’4S8- 1959 , e l emen ta ry  sc’hooi t eacher .  - — -  San B er n a r d i n o  Pr obat ion
D e p a r t m e n t , 1 ‘~ 68, per fo rm ed  psy ch o log ical  c o o i i s e l ng in t h e  f ie ld  of j u v en i l e
de l inquen t r eh ab i l i t a t ion ;  developed c u r r i cu l a  for ~‘oc at~omi al  e d u c a t i on  c o ur s e ’s.
- —  - Cal i fe rn i a  State ’ D ep a r t m en t  of C or r e ct i c i n s, ~~~~~ l~~58, dt ’s~gri t’d , p r  -

• I 
formed , amid analyzed pe nal r e s e a r c h  de s i gned to eva lua te  reh at ’i1~’a ’ion p r o —
g r ain s  an d the  ra te  of r e c i d i v i s m ;  c on d u ct e d  p e r s o n a l i t y  a s s e s s m e t t~ ; par t cit’iate ’d
in g roup  counse lin g .

MEMBF .RSH~PS: A m er i c a n  Psychological  A s so c i a t i o n , A m er i c a n  E du c at i o n a l
R e s e a r c h  Associa t ion ; Nationa l E d u c a t i o n  Assoc ia t ion , Society of Si gma X i .

HONORS: Cum Laude in Psychology,  Un i v e r s i t y  of Rt’dlands , Redland s, C a l i —
forn ia , 1958.

PUBLICATiONS: “A Study of Per ’.’ ona lity  Change’ s O c c u r r i n g  in I nma te s  at th e
Cali fornia  I n s t i t u t i o n  for  Men , Ch i n c i . Ca l i f , ir n i , e  , R e s u l t i n g  f r o m  Iiitt ’ns i v c ’
T rea tmen t  and Time” ; Chine ,  Ca l i fo rn i a:  Cal i forn ia  State Departn ien t  ol Cur  -
rections , 1958; “Desc r ip t i on  and Ma i n tenan ce Task Ana lysis , Torpedc i E X - I C ’ ;
San Diego: United States Navy Personnel  R e s e a r c h  A c t i v i t y ,  19ti 4; (CONFI-

• DENTIA L) “Selection and Pr t ’re qu isi~e’ Tra in ing  R e q u i r e me nt s , Tc)rp edo EX - I (l~~~;

San Diego: United States Navy Personnel  R e s e a r c h  Ac t iv i ty ,  1964; (CONFi-
DENTIA L) “The Role of Hc m mnan  Fac tors  Data in Ae ’r o space  S y s t em  Desi gn ~ iid

• Development ” ; Wri g h t — P a t t e r s o n  A i r  Force  Base’: A er o s p a c -~’ M edical  Re’ s~’ar c -h
• Laboratories , 1965; “Resea rch  on Improved C om npom ~er Methods  for  Handl ing and

Using Human Factors  Task Data ” ; W r i g h t - P a t t e’r suu  Air  For ., e’ Bas e: Ae ’ ros pac”
• 1. Medical R e s e a r c h  Laboratories , l9t ~~ ; “ The C o m m u n i t y  A c t i o n  P r og ran i  as an

Area for  Resea rch” ; P i t t sburg h: A m e r i c an  I: , ’ t i t u t e  fo r  R o ’so ’arch , l ’) t iS ;
‘‘Response Dimensions in At t i tude  M e a s u rem e nt , “ (Paper  de l i v e r e d  a ’ tb - ’ na ’iona l

• American Psycholog ical Associat ion conven t ion , 1’) h ’~. ); “The Va l id i ty  cit a
- Questionnaire Designed to Predict  Edu cat iona l Televis ion Vio ’wing Beha~ ion ;

Salt Lake City.  Utah: U n i v e r s i t y  of Utah , l° nt-~.

• I I 
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I
HURST , PAUL M , ,  Staff Psycholog ist

EDUCATION: Ph. D. in psychology,  The Pennsylvania State Un ive r s i ty ,  1955 ;
M.A.  in psychology, The Pennsy lvania State Un ive r s i t y ,  1954; B.S.  in biology,

- Bucknell  Un ive r s i t y ,  1951.

EXPERIENCE:  HRB-Singer , I n c . ,  1960- , Staff  Technical  Advisor for  Be-
havior i st ics  Laboratory ,  Pr oject Director  for  exper imenta l  anal ysis of task-
induced s t ress ;  development  of s imula ted  operat iona l data process ing task for
stud y of e f fec t s  of task and t r a in ing  var iables  on pe r fo rmance  under hi g h levels
of operator  pacing;  mathematical  modeling and experimental  desi gn for  stud y of

- decis ion making ; consu l t ing  for exper imenta l  desi gn and gaming techniques  em-
ployed in the stud y of effe ’ct iveness of cer t a in  e lements  of the U .S.  Navy to
accomplish specific miss ions  to be conducted wi th in  t ime f r ame  1963- 1970;
development of system pe r fo rmance  c r i t e r i a  for  a ssessment  of operator and

- technician cont r ibu t ions  to the e f fec t iveness  of naval  sys tems.  ---  Ins t i tu te
for Resea rch , 1960- , Staff Psycholog ist , Co-Pr inc ipa l .  Investi ga tor  for
mathematical  modeling , c r i t e r ion  development , and exper imenta l  desi gn for

- 
stud y of decis ion making . -- -  U.S.  Navy Elect ronics  Laboratory,  1958-1960 ,
Operations Resea rch  Ana lyst , head of team of Navy o f f i ce r s  and civi l ian
scient is ts  charged wi th  desi gn for  m a n - m a c h i n e  and par t ia l l y automated sub-
syste m and sys tem tests  of the Nava l Tact ical  Data Sys tem;  responsible  for
exper imental  desi gn aspects  including drawing  up speci f ica t ions  for var ious
operational tests  of the system. - --  St. Lawrence Univers i ty ,  1956- 1958 ,
Ass i s t an t  Professor  of Psychology, teachin’~ and r e sea rch  in exper imenta l
ps ychology,  s t a t i s t i ca l  method s , and decision theory.  - - - Idaho State College ,
1955- 1956 , Ins t ruc to r  in Psychology, teaching of exper imenta l  and genera l  psy-
chology. - -- The Pennsy lvania State U n i v e r s i t y ,  1954-1955 , National  Science
Foundation Fellow; 195 .1-1954 , Graduate  Ass i s t an t , teaching of in t roduc tory
psychology and a s s i s t i ng  with  i n s t ruc t iona l  f i lm re sea rch  program.

I MEMBERSHIPS : Phi Sigma , Phi Eta Sigma , Pi Mu Epsilon , Phi Beta Kappa ,
Psi Chi , Phi Kappa Phi , Pi Gamma Mu , Sigma Xi , Operations Resea rch  Society

- t 1 of America , A m e r i c a n  Stat is t ical  Associat ion , Psychomet r ic  Society, A m e r i c a n
j 

Psycholog ical Assoc ia t ion , Amer ican  Assoc ia t ion  for the Advancement  of Science.

j PUBLICATIONS: “Task-Induced St ress :  A Li te ra ture  Survey ” ; “Display Pr ob-
- lern s in Aerospace Surveillance Systems.  Part I, “A Survey of Disp lay Hard-

ware  and Analysis of Re levant  Psycholog ical Variables ” (with L. Crumley  and
I others) ;  (Ph. D. thes is)  “Prediction of Decisions : A Test of the Ef f i c i ency  of
L. Al te rna t ive  Models ” (Abs t rac t ) ; “Predict ions of Decisions f rom a Hi gher Ordered

Metric  Scale of Uti l i ty ” ; “Est imat ion of Tracking Unce r t a in ty  f rom Photographic
Study of SPS-~ 9 Radar  R e t u r n s ” ; “Reports  on Test Sets 1. 1, 1. .1, 1 . 6 . 1 0  and
1. 6. 1 of Exper imen ta l  NTDS” ( w i t h  W. H. Hocks t ra) ;  “Learning Sets , Kirte scope
vs Film ” ; “Relat ive Ef fec t iveness  of Verbal  In t roduct ions  to Kinescope Record-

L ing s and Training Films ” ; “Role of D-Aniphetamine in Var iab i l i ty  of Behavior
in Learning and Decision-Making Theory, ” (Ph. D. Thesis) ;  “Predic t ion  of De-
cisions: A Test of the Ef f ic iency  of Al te rna tive Models , “ ( a b s t r a c t) ;  “Predic t ions
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• __________ • - — - - — -————--—---— k 4 S I N ~~ • N C[ HURST , P A U L  M .,  (Cont’d)

of Decisions from a Higher Ordered Metric Scale of Utility ” ; “The Effects of
I d-Amphetamine on Risk-Taking ” ; “Errors  in Driver Risk-Taking” ; “Measure-

- 
ment of Subjective Gap Size ” (with K. Perchonok and E, L. Seguin); “The Effect• J of Lane Closure. ”
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SMITH , DENNIS E . ,  Staff Mathem atician

EDUCATION: Ph. D. in mathemat ical  s ta t ist ics , The U n i v e r s i t y  of W i s c o n s i n ,
1966; M. S. in mathemat ica l  s ta t is t ics , The U n i v e r s i t y  of Wiscons in , 1964; M. S.

• in mathematics , The Univers i ty  of Wisconsin , l9t -’3; B. A. in m a t h e m a t i c s ,
Wabash College , 196 0.

EXPERIENCE:  HRB -Singer , Inc .  , 19t- ~b -  , Staff Mathet -m ia t ic ian , v a l i d a t i o n
and evaluation of s tochast ic  models app lied to t r a f f i c  s tudies  and log i s t i c s ;  de-
velopment  of sampling plans for evaluat ing potent ia l  mon i to r ing  sy s t em s ;  in-
ves t i ga t ion  of val id i ty  of i n fe rences  based on incomplete or i n a c c u r a t e  d a t a .  - - -
Univers i ty  of Wiscons in , 1962-196t ’ , Nat ional  Science Foum dat ion  Fellow , Dc-

• p a r tment  of S ta t i s t ics , p r o g r a m m i n g  (CDC 1b04) of problems c o n n e c t e d  w i t h
thesis r e s e a r c h .  - - - AC Elec t ron ics  (Genera l  Motors) ,  lQt i .1, Anal ys t , anal ys is

• of re l iabi l i ty  and qual i ty  cont ro l  pr oblems. - - - Armour  R e s e a r c h  Founda t ion ,
1961-1962 , A s s i s t a n t  Mathemat ic i an, p r o g r amm i n g  for  the IBM 7090.
Boeing A i r c r a f t , 1960-1961 , Associate  Eng inee r , p rog ramming  for  the IBM 704
and IBM 7090.

MEMB ERSHIPS : Ins t i tu t e  of Mathemat ica l  S ta t i s t i c s , Phi Beta Kappa .

PUBLICATIONS: “Invest i gation of Re jec t ion  Ru les  for  Out l iers  in Small Samples
f rom the Normal  Dis t r ibu tion , “ (Ph. D. Thesis) .
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i .  PAPAY , JAMES P., Psychologist

L EDUCATION: B . S .  in psychology, The Pennsylvania State Universi ty,  1966 ;
ASW Or ientation Course , ASW Tactical School, Norfolk, Virg inia , June 1967.

EXPERIENCE: HR B -Singer , Inc. , 1966- , Psychologist , initially engaged
in research for the purpose of estimating driver information requirements  for
decision making at highway interchanges (throug h simulation, controlled road
tests , and insitu testing); assisted in design of stimulus materials and establish-
ment of data reduction and analyses; current ly involved with the application of
pr ogramming techniques to statistical analyses;  the application of experimentally
evaluated behavioral models in a mili tary operational setting (details classified).

MEMBERSHIPS : Psi Chi .
t- J
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HARRISON , P A U L  C . ,  J R . ,  Staff Psycholog is t , Manager of Hum e t r i c s  Branc h

EDUCATION: Ph, D. in psychology,  The Pennsy lvania State U n i v e r s i t y ,  1963;
M.S.  in psycho logy ,  The Pennsylvania  State U n i v e r s i t y ,  1959 ; B.S.  in indust r ia l
ps ychology .  The Pennsy lvania  State U n i v e r s i t y ,  1958; indus t r ial s t u d e n t , Lehi gh
U n iv e r s it ’~, }~1c, l _ 1 9 S 3 .

• EXPERIENCE:  HR B -Singer , I n c . ,  l9 t i t - , Staff Psycholog i s t .  Manager  of
Humet r i c s  B r a n c h ;  19 b 3 — 1 ’ -) t’n , Senior R e s e a r c h  Psychologist , i n f o r m a t i o n
requ i r emen t s  for  photo i n ter p r e t a t ion , image  i n t e r p r e t e r s ’ t r a in i n g .  coun ~ ”r -
i n s u r g e n c y  s tud i e s ;  d e s i g n , d e v el o p m e n t  and ev a l u a t i o n  of expe r imenta l t r a V i ng
programs to enhan c-~ in t e r p r e t e r  sk ~11s c~ h e r e  inf ra rc ’d  senso r s  a re  the p r ime
sources of i - i f o r m a t i o n ;  a s s i s t ed  in  the  i m i v e ~~t i g at i on  of pe r forma nc e of inter-
p re te r s  on Lr t f ra red  imagery  under  v a r i ous a c q u i s i t i o n  p a r a m e t e r s ;  suppor ted
cons t ruc t ion  of p rogramed  m at e r i a ls  for  t r a i n i n g  of pho to i n t e r p r e t a t i o n  skills
via c~-mc ’~te r ae - -~i~~d ins t  ruc t~~ n tec h ’i i que s ;  dev e lopm ent  of methodology for
evaluat ~on of human f a c t o r s  c on t r ib u t i o n  to pe r fo rma nc e of naval s y st e m s ;
assisted in development and evaluat ion  of ASW i n f o r m a t i o n  s y s t e m s ;  de s ign  and
ana lysis of human f ac to r s  r e s e a r c h ;  des i gn and evaluat ion of disp lay t echn iques
with  emphasis concern ing  in te r face  p rob lems ;  task  ana lysis method s and pro-
cedures;  development  of middle - i-n anagen-ient t ra in ing  program sy l labus.  - - -

• The Pennsy lvania State Un ive r s i t y ,  1962- 1963 , I n s t r u c tor , e l e m e n t a r y  s t at i s t i c s ,
psychology of learning , psychology of sensat ion and percept ion ;  1958- 1962 ,
g radua te  r esea rch  and Teaching A s s i s t a n t;  psychology,  mot iva t ion  and morale
in indus t ry ;  assisted in laboratory course  in expe r imen ta l  p sychology;  ass is ted
in small group  teaching resea rch ;  assis ted in desi gn , c o n s t r u c t i o n , and opera-
tion of laboratory to stud y the development of speech in Mynah b i rds ;  3960-1961 ,
National Science Foundation Fellow , computer  p rograming  t ra inee  in Computa t ion

• Cen te r ;  1957- 1958 , Underg radua te  Resea rch  Ass i s t an t , g r o u p  leader ifl smal l
• g roup teaching r e sea rch  p rogram (Ford Foundat ion) ; 1956- 1958 , St a t i s t~ca 1

Clerk. - --  U. S. Army,  1953- 1955 , Cryptographer .

MEMBERSHIPS : Sigma Xi , Phi Kappa Phi , P1 Gamma Mu , Psi Chi.

• PUBLICATIONS: “Variabi l i ty  of Response  in a De te rmined  Turn ing  Sequence
in the Metal Worm (Tenebrio Molitor):  An Exper imenta l Test  of Al ternat ive• Hypotheses ” ; “Establis hing a Discr iminant  Vocal Operant in the Mynah Bird
(Bracula Religiosa)” ; “Different ia l  Effects  of Two Tra in ing  Schedules on Lea rn ing ,

• 
- .  Atti tudes , and Later Performance ” ; (Ph. D. thes i s )  ‘ A  Decision Making Theory

of Occupational Choice ” ; (M. S. thesis)  “Asses s ing  Human Factors R e q u i r e m e n t s
• L in the Test and Evaluation Stage of Systems Development.  Vol. 1, Technical

Repor t ” ; BuNavPers , Contract  NOnr 4203(00) ; “Assess ing  Human Factor’~
Requi rements  in the Test and Evaluation Stage of Systenis Development .  Vol.
II , Application to OPTEV FOR Operation s ” ; BuNavPers , Con t r ac t  NOur 4 .103(00) .
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• ( I. McKENDR Y , JAMES M . ,  Staf f Psycholog ist , Technology Consu l t an t  to Sys tems
Behavior Laboratory

EDUCATION: Ph. D. in psychology,  The Pennsy lvania State U n i v e r s i t y ,  1961;
M.S. in psychology, The Pennsy lvania State U n i v e r s i t y ,  1960; B . A .  in psy-
chology, Un ive r s i t y  of Alabama , 1954.

EXPERIENCE:  HRB-Singer , In c . ,  1966- , Staff Psycholog ist , Technology
Consul tant  to Sys tems  Behavior Laboratory;  l963-196h , Branch  Ma nager ,
Hum e t r i c s  B r a n c h , Behaviora l  Sciences Labora to ry ;  l9c8-1963.  Staff Psy-

• chologis t , decision making,  predec is ion al  act i v it i e s  and hun-ia i-’ data  pr o c es -~ing ;
systems anal ysis  problems for  command-con t ro l  and i n f o r m a t i o n  g a t h e r i n g  sys -
tems:  m an - m a c h in e  i n t e r f a c e  problems in compute r  u t i l i z a t i on ;  desi gn and ana l~’-
sis of human f ac to rs  r e s e a r c h ;  equi pment des i gn cons ider a t ions  for  opera t ion
and ma in t enan ce ;  der iva t ion  of human fac to r s  and t ra in ing  r e q u i r e m e n ts  i~i var i -
ous Naval  Weapons Sys t ems;  Pr oject Director  on approximate ly ten pr o jec t s  -

The Pennsy lvania State Un ive r s i t y ,  1957- 19S8 , Graduat e  R e s e a r c h  ar d
Teaching Ass i s t an t , Depa r tmen t  of Psychology.  - - -  U .S .  A r m y ,  19c4 -1957 ,

• 
• 

A i r b o r n e  In fan t ry  Platoon Leader , Armored  I n f a n t r y  Company Commander  and
Execut ive Off ice r .  -- -  U n i v e r s i t y  of Alabama , 1953-l954 , R e s e a r c h  A s s i s t a n t
on projec t  surveying personnel  and t ra in ing  p rac t i ce s  of s o u t h e r n  i n d u s t r i e s .

MEMBERSHIPS : Psi Chi , Sigma Xi , A m e r i c a n  Psycholog ical  A s so c i a t io n ,
Ps ychometr ic  Society, Human Factors  Society,  I n s tit u t e  of E l ect r ~ca1 and
Electronic  Eng ineers , Amer i can  Assoc ia t ion  for  Advancement  of Sc ience .

PUBLICATIONS AND TECHNICAL REPORTS: “Pred ic t ing  Dominance Leader-
ship Relat ions by Varied Metr ica l  Techni ques ” ; ‘ Dec i s ion -Mak ing  Behav io r  in
a Three-Choice Uncer ta in  Outcome Situation Involving D i f f e r e n t i a l  Pay-Off  s and

I Triple Events ” ; “The Design and Evalua t ion  of Main ta inab le  Packag ing Method s , ”
1- . (1960) Ergonomics , 3, 2 55 -2 72 ;  “Volumet r ic  R e q u i r e m e n t s  f o r  Hand Tool U s a g e .

(1960) Human Factors 1, 156-162 ;  “Techniques in Desi gning for  Maintair i abiL~y ,
(1960) Electr ic  Design , October 26 , 3h -4 1;  “Assess ing  M a i n t a im . a b i l i t y ,  “ ( ‘ 9 6 0)

• 
- 

Electronic Indus tries , October, 78-80; “Designing Mainta inable  C i r c u i t s , ‘ ~, l °h 1 )
• IRE Trans , Prof.  Group on Human Factor s in Electronic s , 2 , ( ‘3 .07: “Equip-

ment Design Considerat ions for Improving Main tenance  Pr oc edures , “ Electro-
technology, 70(1),  93-95; “Factors  Af fec t ing  Perceptua l I n t eg r a t i o n , “ ( 19t-~3)
J. Appi. Psychol . 47 , 5, 293-300; “An Experimental  Inves t i ga t ion  of E q u i p m e n t

• Packag ing for Ease of Maintenance , ” (1960) NAVTRADEVCEN 3 3 0 - 1- 1 ;  “Descr ip -

~ I tion of Training Device Technicians ’ and Eng ineers ’ E s t i m a t e s  of C i r c u i t  and
I. Systems Maintainability, ” (1960) NAV TRADEVCEN 330- 1 -2 ;  “Anth ropomet ry  of

One-Handed Maintenance Act ions , ” (1960) NAVTRADEVCEN 330-1-3;  “Main-
tainabili ty Handbook for Electronic Equi pment Desi gn , ” (1960) NATRADEVCEN

• L 330-1-4; “Task-Induced Stress:  a L i t e r a t u r e  Survey, ” (19 61)  WADD OzaLd
Repor t , Contract  No. AF33(616)-7892 ;  “Data Processing in Human  Systems ,• I 
(1961) Crumley,  L. M. et al. Disp lay problems in aerospace su rve i l l ance
systems , AFESD-TR-ôl -33;  “ Ins t ruc t iona l Devices in Main tenance  Tra in ing ,
(1962) NAV TRADEVCEN 1105-1-1;  “The Enha ncement  of Fire  Contro l  Technic ian

• P rof ic iency b y the Use of Training Device , “ ( 1 9 6 3 )  NAV TRADEVCEN 1105-1 ;
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______- 

-~~ —--— — --- --•- — — — - -----—-~~ — - —



• ,—•- - - - — • - - — - ---

1’

H R B - S I N G E R  I N C .

McKENDR Y , JAMES M.,  (Cont ’d) - -

- 
• 

“Methodology for Determining OPINTEL Information Requi rements  for U .S.
Naval Forces , 1962-1968 , ” (1963) Repor t  3 52 -R - l ;  “An Information Indexing
Approach to Information Requirement  Pr oblems , “ ( 1 9 6 4 )  Report  567-R-1;
“Utility of Information as a Predictor of Decision Adequacy, ” (1964) Repor t

a. 567-R-2 .
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H R B - S I N G ’  I-’~ N C

McKENDRY , MARGARET S .,  Senior Research Psychologist (pa r t - t ime

EDUCATION: Ph.D. in psychology, The Pennsylvania State Univers i ty ,  1963;
M.S.  in psychol ogy , The Pennsylvania State Univers i ty , 1960; B.S.  in psychology ,

I The University of Alabama, 1954; A. ~~. in liberal arts , St. Mary ’s Colli ~e ,

~ 
1952 ; State Certifications as ( 1) secondary school teacher in English , Fre nch ,
and science , (2) psychological examiner , and (3) school psychologist.

L EXPERIENCE : HRB-Singer , Inc. , 1963- , Senior Research  Psychologist
(par t - t ime) .  ---  U.S . Army Education Service in Europe , 1955-1957 , Inst ruc tor
(par t - t ime) .  --- The Pennsylvania State Universi ty,  Dept. of Psychology,
Graduate Research and Teaching Assistant.  --- U. S.  P. H. graduate fellow,
1958-1961. --- The Pennsylvania State Universi ty,  1960- 1961 , Division of
Counseling (during summers ) ;  1961-1962 , Peace Corps - Training Project ,
Selection and Training Research  Associate . - - - Inter- Universi ty Committee

• for  Post-Graduate Stud y in Foreign Service Areas , 1963 , Executive Secre ta ry .

- MEMBERSHIPS : Psi Chi , Sigma Zi , American Psychological Association,
American Council on Measurement  in Education, Society for  International

• Development, American Association of Social and Political Science , Ame rican
Association for  the Ad vancement of Science , Philippine Sociological Society .

PUB LICATIONS: “Effect  of Intellectual Capacity on the Development of Percep-
- tual Abilities” ; “Effects of Generalized Level of Aspiration and Sequential

Dependencies on De cision-Making” ; “ Characte ristics of Peace Corps Volunteers” ;
• 

• “ Careers  in Inte r na tional Development” ; “Social Change in Developing Countries” ;

I ~ and “Attitudinal Impact of Social Change in the Philippines. ”
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H )-~~ t~ ‘. I N ~~~• I  k I N , ~

ENDERWI CK , THOMAS P .,  Resea rch  Psycholog ist

EDUCATION: M. A. in genera l  exper imenta l  psychology,  Buckne l l  U n i v e r s i t y ,
1966; B.S.  in exper imental  and indus t r ia l  psychology, The Pennsy lv an ia  State

r Univers i ty ,  19 61.

EXPERIENCE:  HRB-Singer , I n c . ,  196 1- , R e s e a r c h  Psycholog i s t , TARTAR
and Mark  68 Fire  Control  sys tems maintenance  t r a i n i n g  s tud y, inc luding t r a i n i n g
l i tera ture  review,  task analysis , survey  r e s e a r c h  concerning t r a i n i n g  t e c h n iqu e s
in relat ion to job pe r fo rmance , and development  of p e r f o r m a n c e  sp e c i f i c a t i on s
for  t ra in ing  devices;  mainta in abi l i ty  and d i sp l a y— c o n t r o l  problems in the  de s i g n
of equ ipment  and s y s t e m s;  stud y and ana lys is  of s ea rch  behavior  in v a r y ing

• envi ronments ; development  of task req ’~i re men t s  for i-n an-niachi ’~t- sy st eni s ;
d e ve lo p m e nt  of n iu l t i c r i t e ri a  for  w o rk  involv ing  t e c h n cal , social , and t’n~ i r o n —
mental fac to r s  in overseas  locations ; supervision study of e f f e c t s  of u t i l i t y  on

- perceptua l f i l t e r i n g ; Project  Direc tor  on the modi f ica t ion  of VISTA , an experi-
mental  ins t rume nt for  the s tudy of b inocular  r i v i la r y ;  stud y and i d en t i f i c a l i o n  of
psycholog ical variable s associated w i t h  c o n f i n e m e n t  under  s t r e s s,  r e c r u i t m e n t
and selection of personne l , Acting Personnel  Manager ;  conduct  o experimenta l
research  on the ef fec ts  of levels of comp lex s t imul i  on jud gment  and perfo ,~mance

• related to such j udgnient;Pr oj ect Director , app lication of an i n f o r m a t i o n  index ing
model to der ive  pe r fo rmance  c r i t e r i a  in ASW. - - - The Pennsy lvania State
Univers i ty , Crys ta l  Resea rch  Laboratory,  1958- 1961 , Chief D r a f t s m a n,  respon-
sible for d ra f t ing  act ivi t ies  which  included eng inee r ing  desi gn , deve lopmen t  and
improvement  of crys ta l  r esearch  equipment , as well as publication d r a w in g s
concerning crys ta l lographic  research .  - -  - The Pennsy lvania State U n i v e r s i t y ,

• Ionosphere  Resea rch  Laboratory,  1957- 1958 , E l ec t r i c a l  and Mechanical  Drafts-
man , work included schemat ic  wh~ing d i a g r a m s , t r a i n i n g  aid s , and the  develop-
ment of an antenna box for  the nosecone of a miss i le .  - - - J u r gu son  Gage and
Valv e Company, Massachuset ts , 19c6- 19c7 , Mechanical  D r a f t s m a n , d u t i e s

• - included working on details , layouts , suhassen’iblies, asse mblies , and hi l ls  of
ma te r i a l  for  li quid level gages and valves.  - -  - U.S .  Navy  ( R e s e r v i s t) ,  USS

-
• • .  Taconic AGC- 17 , 1954-1956 , assi gned to In te l l igence  of AMPH IB GRU p .1 and 4 ,

At lant ic  Fleet , as topographic d r a f tsm a n ;  1964- 1~)55 , seamanshi p, sh i p ’s
• company; 1955-1956 , Leading Petty Of f i ce r  i np h o t o - i nt er p r c t a t i o n  room , a s si g ned

1.. to Intelli gence Section of the Flag Aboard Ship, du t i e s  included s u p e r v i s i o n  of
the developme nt of maps and beach sketches ;  the  en t i r e  photo in terp re la t ion

• process , f r o m  the development  of the f i lms  to the f i n i s h e d  beach sketches , was

I car r ied  out aboard ship.

L MEMBERSHIPS: Nationa l Secur i ty  I n d u s t r i a l  Assoc ia t ion , ASW Adv i so ry  Com-
mit tee , Assoc iate Member of Amer ican  Psycholog ical  Associa t ion .

• I PUBLICATIONS: “An Exper imenta l  Study of the E f f e c t s  ot Delayed A u d i t o r y
Feedback on Stut terers  and Nonstut t ere r s  While Play ing a Mus i ca l  I n s t ru m e n t ”

I 
(B. S. thes is ) ;  “A Proposed Redesi gn of a Human  N u t r i t i o n  C a l o r i m e te r ” ; “Th e
Application of Signal Detection Theory to the M e a s u r em e n t  of Group  ln f lue i ’~~e
Upon Individual  group  Members ” ; “ I nst r u c t i o n a l Devices in  M a i n t e n a n c e  Tra~’~ing ” ;
“Maintainability and Maintenance Tra in ing ’’ ; ‘‘The Enhancement  of F i r e  Con t rol
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1. ENDER WICK , THOMAS P., (Cont ’d)

Technical Pr ofi ciency by the Use of Training Device ” ; “Factor Affecting the
Reliability and Validity of Jud gmentally Derived Information Utility Scales ” ;
“A Measure of Utility Values as a Function of Method in Jud gment  Complexity ”

I (M. A. thesis).
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1. U11t c 
_ _

H I ST OR V __________

EXPERIENCE 
_ _  

__

Continuing the si ’rvit es they had perCoriut ’d during o •Ivi ’int ’ I n l,iiormat ion Svstt ’m as ~ ,‘ombination of
“?.orld War  II . thr ee staff members of The l’, .nn sylv an ia p’~’ople . equipment . :,nd fzt ’i i it k’s which organizes func—

S State Univers ity founded a consulting partnership in l94 1 t ion a l ,I ,t t int o forms whit ’h t a n be uti l i ze d Lw deci sion—
( -‘ and began work on t single \ir Force contract. In i~)47 . makers.

as the scope of their activities increased , i t became a t i —  -• to It i f orm at  ion ~‘v si en i.,’~ ,-ties a produ ctive stage after
• vantageous for Messrs. Hailer , Raymond ~n,l brown I,’ -

t ia t:~ a i ’v coil oct (‘Ii • recorded , transmitt ed , stored
I incorporate. During its early growth , th~ company
t processed . a nd analy zed . 1 ho pertin ent infor mat ion then isprincipal technical interest was performing operations • 

-uti l i zed to pro~ uk ’  the has is k~r a In li ii a rv or businessresearch studies in electronic countermeasures. -

• -

11111 i— SInger p er torni  it cv e rv function — — froni collect ion
- The most signifi cant sing le event in the company ’s thr t ugh u t i l i z a t i on  — — in (he i r an s ft ’r i n a i  Ion 01 ,lata into

history occurred in 1958 when the assets of h ailer , h a y — productive in form at i on .
mond and lirown . Inc., were purchased by The Singe r
Company. The cOmpany name was changed to iuiu — \~ithin this structure of In inf orm ation System . ~ ,‘ may
Singer, Inc. , and we now form a subsidiary of our parent part icipat t ’ in ltiv phase t i  the S~-s teiii ’ it evalut ion  — —  fea s t  —

organ t~ation . We function as tin operating element ~~ 
h t l i t v  study, sys tem desi gn . ;1rotot~ pt’ development , pro—

I Singer ’s Technical Products I)ivislon . duct ion , and s stt ’, ii  t ’p”r~ tio n.

I. I t ’  (cli $ ‘~~~~~- (‘el inmi~i solti t ions ~ di’ in upon man
Today , the solution of technical problems remains the acade mic di sc iplin e s whi ch ii  I,’,i ,~s to • t t i v a n t -,’ a ~ ide

L basis of our business. l iterally hundred s of research itid range ot te, hii i t ’~,i ij ’j ~ i t ’:i c t i , ’s . 1- ,cti tp prt ’:icli  Is it 00—

development projects are advancing the science and tech— lWI~t ’IIt lit)(i~’ t~ t kiio~ lod ge used to i t t a t ’h m d  s,’Iv , ’ a
nohogy of reconnaissance, data processing, human f mct ,,rs , ~j~ ”’ I (10 ~~~~ hi ’iii  • l i t  I IS t i c  ‘so lv i i , : ,  It het t It ’ (In ’ opt ’ r a t i ng

systems study and analy sts , ~nd applied physics . More O I ) V i l ~0I) l i i t ’ I ) t .

than 1, 100 scientists, ma themat ictim ns , engineers . eon— t ’1 II I ( t ’SlM - sS IS l i l t l ’ l N i ;  l i l - ’ i S R i \ — \ l \ k l - i t s S i c I  t i -
sultante , and support personnel form the core of our • l 1 l l ~h ii  iN I i  ‘h iM \ l b  ‘N i ’lh ‘III  I \l~’. i ti , ’.’,- decisio n—buMs SS energy. 

~ ak,’ r it • on i- t t t s t  t ’t ,t , ’rs , i nclude I ho I lop:, ii fliun t ot I ~e—

I fetisi ’ and m an y other gei’i~r ii,nm ’,it • ,  gene Ic ~. such I s

Fubire goals itre to extend our ability it ’ satisf y our i t t , th e  51 ,1, liepartmeni . ,ntl  the i~ ’partnient
customers ’ information requirement s and to expand our of (‘oflhl nerce; tn ,tt , sI r I ,  I f i rm s ;  ~n tt  edu, ’t t ionai In stitu—
system~ development and production capabilities. t io,~~.
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I
- ORGANIZATION

HR hi—Si n g e r , Inc., Is a suh~s i t I ia r v  oh h ht ’ Stiige r Ct ’t i i— Ih o  h(ect ’iver I ib is responsible for the design and
~ - liltIly :tiiti functions as in oper ating ,~lt ’tii , ’i~t i~ t t !!O iv i r ent  l at ir i cat ion  of special electronic receiving and distribution

t ’rg ~.mtii z :tt 1ot~’s Techn ical i’roducts I ) iv t smt in  . hle ’flt ’ci ‘ng the equipment ranging from the modules that comprise re—
• Singe r concept of op erating d ec , ’, i( r :mhtza t it ,n , the ’ t ’ ’Inpan ’. ee’ive ’r s to complete VHF and UHF receivers. The Lab’s
• m a i n t a i n s  a high degree of operational :I uto n otily . discipline ,  encompasses the design and development of
• I1RII —S ing e ’ r ’s products are ’ primarily det. ’ns ,’—o rie’nt,’d. black boxe’s saleable as special products .

Although utilized by all military and industr ial *ne ’mbt ’rs The’ Antenna l.ab is organized to design and produce
of the’ defense’ community, our cap ibi l  it lea also e’xtt ’nd It ’ tnic ro’a tive’ r eceiving systems and components, plus those
nonmilitary governlne’nt agencie’s . priv at e industry , ant i  rt ’ct .iving and telemetry antenna systems used from VHF
educational inst i tut ions . into the ’ microwave ’ region. E fforts also are directed to

Establi shed working re lationships ~e ith our parent eotl ,— the design and fabrication of HF iow er generation equi p—
p:eny enable’ us to elicit their ftnan c t e l , legal • ant i m enu— Ii%eiit.

• facturing resources . Concurrently, we’ :tei mini ster  the’ The Systems L :mb possesses the capability to design,
technical aspects of our business incluti ing re’se•:erch , develop, anti integrate large , specialized electronic eye—
development , and manufacturing. tems. Within its framework , the Lab specializes in

project management , system equipment design, feasibilityMANAGEMENT d ete rminations , documentation services , cost control , ~nd
.-\ t 111111—Singe r , management responsibilit ie’s are ’ dis— met’hanic:,l services .

charged by engiflet’rS and scientists , ma ny of wheim hold The Support I am b is concerned with the efficient opera—
ieivaiice ’d degrees , and who :ere’ also thoroughly tr :m ine ’d in tion of var ious electronic data collection and analysis sys—
managerial technique’s. tems located throughout the world , It is also charged

He’ference to our eurr ent  organization chart shows with the’ responsibility of assigning 111111—Singer personnel
the company ‘a overall technical and operational :ectivit tes qualified to operate and maintain these systems in the
under the Jurisdi ction of the’ Ext ’cutive Vie ’e’ l’resident field .
who administers the planning and perform:ence’ of re ’search

The l)eve’Iopmenl Department expands Infrared tech-activities , systems development, and prod uction , lie’ :ilso
nology and competence in the’se areas of performance:directs the’ growth and application of the company a te ’ch—
~l) development of airborne , infrared surveillance equip—nical capability in all areas of research. dt’velopnient , and
me’nt and techniques; ~2) image— interpret at ion services;manufac turing.
~3i desigii , fabrication , anti intple ’me’ntat ion of advanced ,Mark eting. Admini stration anti Management Services ,• rapid film—proc essing systems; ç4) research anti de—and Finance offer administrativ e ’ and logistical support to
velopnient of adv:,nced imaging deviee’s utilizing electro —the technical group. Each contributes to the effective and

efficient fu nctioning of 111111—Singer ’s professional staff ,  optical techniques .
Prime mission of the’ intelligence Systems Depart—

TECHNICAL ORGANIZATION ment is to collect , analyze , and evalu ate ’ tactical and
S 

•
‘ 111111—Singer ’s organization is designed to take maximum ope’r :etional technical data. Activities range’ from studies
- 

advantage of the’ company ’s varied technical capabilities, of advanced research techn iques in data collection to the
• Uiscipl ines having compatible interests and background s fabrication of special —purpose equipment, each for ac—

• are grouped Into operating elements identified its technical complishing the assigned task. Examples of equipments
laboratories. The laboratory structure groups personnel , developed include transistorized signal simulators and
facilitie s , and busine’ss interests into identifiable ’ tUid signal—reduction and analog—producing d evices.
related e’nt it ies , each responsible for performing tech— Manufacturing provides the facility to produce , in

I n ical project e’fforts. quantity, highly—complex electromechanical equipment
L The’ (ipsearch Lab expands upon the company ’s past such as custom—built individual components, aubasst’mblit’s

work in inventing and applying new techniques and methods of major systems, or complete one ’— oI— a—k in d systems.

F 
to the analysis and design of information systems. Its Manufacturing is composes of three ’ groups ~li pro—
primary objective is to bring ti systems approach to the duction; (2) engince’ring services; and t3) manufacturing
problem areas in information systems science, services .

-rhe ltehavior istk ’s Lab spe’cializes in life sciences l’reduction liiis manufactured in quantity such items as
research itnel development applic able to 111111—Singer ’s in— HE CONOF -tX ’ airborne ’ infrared thermal—mapping sys—
formation syste ’ms activ itie ’s . It is also responsible for the tems; r adar weather transponders; aud io selector units;
devele pnieett and appitcietton of methods to measure the transistorized pulse multicoupters; and broadband HF

• r equirements ilnet pe ’rformance of manned syste’ms. amplifiers.
• 

L 
The’ Processor l a b  develop s electronic signal pro— Engineering services include product design, value

ceasing, analysis , &end display equipment. Its activities analysis, industrial planning, and assembly iind testing,
include’ auttmnm t lc si gnal recognitiein , data transl at ion , Manufa cturing service’s embody fabr ie ’ation and proc —
ant i storage’, coding iitiei tele m etry equipment de’~- e’lop— easing, drafting, quality control , electronic equipment
me’nt anti aiels to data analysis, maintenanc e , and material  procurement .

I
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111111—Singer ’s main faci l i t ies  ire located at Science l1.\Pll ) . \CCl Ss I ’ l -  V l- .l I ‘l ’MEN T I \ I iUlLt l OI1’i — con—
l’ark , a 2 4 0 — t o r e  tr act adjacent to The Pennsy lvania ducts ulv  ‘li t  ,‘d stu iu — 1 rapid f i lm processing tech—
State Univ e rs i ty .  in State College, I’ennsy lv an ia .  nique~ .

• l’I IY SICS L .\IiOI( ~ l Oi1~ — equippe it n ith all the apparatusl abo ratories are maintained b r  advanced research int l  
-

- - nee’d,’d to p crtorn~ a Wi( 1e range of investigations , thi sdevelopment ci complex electronic and elect rome ’chanical 
-

- - labo ratory includes the following:systems tij el subsystems. Ind iv idual technical gi oups
within the’ (‘omp any operate research an ti  test fa ci l i t i e s  OI”I ICS l A b  — provides facil i ty for prototype development
necessary in the performance of their proJect . . 01 replica paraboloids , metal and rep lica epoxy reflecting

\ l lcI io tt AVE \N1 ) •tvr i:~ s \ LAIIOI ( .tTOIIV — equipped units , a nd i’inished met5il mirrors.

I • for preliminary design anti development projects from ~ i i-:c l I U ) — O l ’T l ( ’ S  LAB — allows study and development
VIlE through K—band , it includes: ot solid state image intensifiers and converters. Using

• - laser is the primary light source, light modulation tech—M l ( ’ l t (  ‘~\ ‘vi ~: \Nl-:ClI Ol C cli \Mf l I -  H — reduces microwave ’ -— 
- 

- 
• - n Iques are investigated .ret lections to a minimum and makes an excellent model

test r inge . ACOUSTICS l . ~ l1 - high efficiency, low power transducer
OU T I X X ) I1  \ N ’r E N N .t  H.~ NGE — permits testing from tn-o systems uti l izing audible and ultrasonic frequency ranges

- ire a specialty . Noise imid other sonic studies also areI r :mnsn l l t t in g  towers and a root—mounted rotator. -

• performed .

~11CHOt~ .\% ‘ E TEST B E N C H E S  — make standing n ave , - - - - -
- - Other special instrument ation eiforts include infraredI mpedance . m e l  t ransmission line—loss measureme’nts.

detectioii and indication systems foi’ monitoring and
II FI SI1I E 11 ) 1- 1) l~~ llOl1 \ ’l’Ol 1Y — permits radio frequency inspection purposes . Instruments using nuclear radiation
Ins t rument  development without radio antlele ’ctr ica l in t e r— for measurement have been devised in 111111—Singer’s
terence. t mobile’ lab measures complex signal environ— hot lab .
ments under actua l  operating con,li iie)ns . IN FII . t I1El i  TES’I’ T U N N E L S  — used to design and test in—
E: LE CTIION ICS 1..tliOH \TOl 1~ — provides a fac i l i ty  for f rared systems’ components and subsystems , thIs 200—
testing sophist icated electronic equipment to environmental foot tunnel enable’s accurate tests to be conducted under
specifications, controlled conditions,

MA Ch I N E  ( ‘OMI ’l ’F t T ION SERVICES C I- :NTE I I — in . t l l lCl l .\ l - ’F  l’ t c l l l rw .S — two company—owned aircraft ,
addition to various card—handling equipment , this l abo — laboratory spaoe , and a photo—processing area are located
ratory contains a I~ 20 digita l  computer which helps per— at nearby t’ nlve ’rsitv Park Airport.
form technical information act ivi t ies  and methodology - -  -F .\ I iRl ( ’. t I ION .-t N i )  Pl1OC l’.SSING — consists of the ma—stu dies ,

chine shop n-hlch p erforms sheet metal , welding, issem—
l wv K l . O I ’Ml - :Nl  l .\ I IOH. tTOIf l  — et~ulppt ’d to develop bling, machining,  balancing, and casting operations; metal
comp lex electronit ’ ’han ical equipment. One’ outstanding plating, paint ing,  and f inishing;  and an etched circuitry
example Is IIECONOF tN ,’ 111111—Singer ’s infrared photo— section which design s, constructs , anti assembles printed
mapping system , circui t  boards . ‘ontinu~~ On reverse side)
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SUPPORT SERVICES
TECHNICAL PUBLISHING - publishes all technical re-
ports, manuals, and other coflateral material relating to _________________________________________________________

customer project and internal information requirements. _~

TECHNICAL INFORMATION CENTER - procures , proc- 
, 

- , 
- 

S

~~:;an ~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

to the ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

- 
______

Q~~ALITY CONTROL - begins with production planning : #.. - - .L... . -,

and continues throughout the fabrication process. This 
~~,includes incoming, inprocess and final Inspection pro- • - ~~~~~~ 

~~~
.‘ ..~~ 

•‘
~~~

‘
.

cedures conforming to customer specifications. - - — — -

APPLICATIONS ENGINEERS - located in Washington , i ______

D.C.; Dallas , Texas; Dayton , Ohio; Fort Monmouth,
New Jersey ; Rome, New York; and a European field I —

office in Munich, Germany. These field men provide I I - ‘

direct customer liaison.

THE PENNSYLVANIA STATE UNIVERSITY - neighbors 
_____ 1our Science Park facilities and maintains laboratories , 1 -. “, ‘‘ -‘

~~~ - - 
— -~~ fl ’ : a -  -‘- -~~~~~ . -

specialized equipment and technical libraries which are - ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

available for use by RRB-Singer personnel. The Uni- -

versity also has scientific , technical and management
personnel who are available for consulting in special
academic disciplinary areas.

To execute University-industry cooperation, the Com-
monwealth Industrial Research Corporation serves as - -S
the focal point in promoting such relations. A nonprofit
corporation , CIRC facilitates Pennsylvania’s economic
development through the utilization of Penn State ’s
strengths in science, engineering, technology, social -

science, and management. 
, ,
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- ELECTRONICS
- LABORATORY

I. 
-

The Electronics Laboratories provide facilities for In addition , the lab contains specialized instruments
testing sophisticated electronic equipment to environ- such as a Hewlett-Packard Model 542A Automatic Noise

- mental specifications. Figure Meter; a Rohde and Schwarz Type ZDU Diagraph;
M1CRO~VAVE AND ANTENNA LAB a General Radio Type 1607-A Transfer Function and

This laboratory is organized to design and build Immittance Bridge; and an Empire Devices Model NF-
1. microwave receiving systems and components, receiving 105 NoIse and Field intensity Meter .

and telemetry antenna systems from VHF into the micro- The lab also has temperature chambers for environ—
- wave region, and RF power generation equipment. To do mental testing and a shielded screen room in which low-

this work , the lab is equipped with a microwave anechoic level radio frequency measurements may be conducted .
chamber, an outdoor antenna test range and microwave PROCESSOR LAB
test benches. The facilities of the Processor Laboratory consist

The anechoic chamber reduces microwave reflections of a general electronics laboratory; electronics in stru—
to a minimum and makes an excellent model test range mentation to develop signal identification , processing,
for airborne antenna systems. it can operate at fre- analysis and display equipments; an underwater inatru-
quencies down to 2300 megacycles. mentation laboratory; and a VLF/ULF observatory.

The outdoor antenna test range permits testing f r om Electronic equipment located within this facility en—
( ‘ two transmitting towers and a roof-mounted rotator. RF compasses the usual complement of oscilloscopes. signal

generation equipment , mounted on a 50-foot steel tower , generators, frequency counters, power supplies, and
supplies the signal forces for antenna pattern measure— recording instruments .
ments. To develop underwater Instruments a thermometer

- Microwave test benches make standing—wave , calibration facility, accurate to ±.OOS C °, is maintained;
impedance and transmission line-loss measurements. A pressure testing facilities lire leased from nearby
complete range of test equipment , including spectrum Pennsylvania State University ; and a tank suitable for

1 analyzers and noise measuring equipment , is available testing scale models of underwater instruments is
* through 12 ,000 megacycles. utilized,

RECEIVER LAB In the area of VLF/ULF, a field station Is used to
Equipped for design, fabrication , alignment and test receive and measure phase and amplitude changes of

1 operations, the Receiver Lab mainta ins more than a VLF signals, geomagnetic micropulsations and galactic
dozen sweep frequency equipment combinations --sweep radio noise. Available equipment includes frequency
frequency generators , oscilloscopes, signal generators standards , VLF receivers, phase and amplitude corn-

L and power meters - - used daily in the development of parison instruments , antennas , and field-strength
broadband amplifiers, multicouplers, filters and re- measurement and recording instruments.
celvea ’s.
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SRI El LWO I - N i . l O S t ’ h l E  MOBiLE t All ,
Hithi—Singer possesses a wide variety ut equipment lnstalled in a t u t ’n t v— ei ght toet semit ra i ler , a com—

I and facilities to measure, test , and evaluate radio fre — plCte h IFI mobile laboratory measures coniplt ’x signal
quency Interference. Sen est addition is a large (11’ x environments under actu al operatin g conditions , The
25’ x 9’) solid—shielded enclosure. Zinc—clad steel walls , laboratory Is completely self—ponered an d Its integrated

I 
heav y —dut y  l ine f i l ters , and honeycomb ventilators per— custom—built , solid—shield enclosure operates in high—
mit  t i- st engineers to work comfortably, vir tual ly isolated power signal density areas, It Is equipped to perform :
from outside radio interferen ce . Four smaller enclosures Ml l —ST D—44 911 Spectrum Signatures; MI I - - E— 6 0 5 1  C

enhance our quick—rea cti on capabil ity to an~- t ype or size Weapons System Compatib i l i ty ;  r adi ation hazard and

I system, power contour measurements; and environmental search
Our complement of certif ied interfer t ’nce test equip— and analysis.

mimi permits complete coverage of thefol h o~~ingspecifi- SCREEN RO()MS
cat io ns: M l L — I — e ~l 8lI) , 2660 11, 16910 , and 11748. We also In addition to the large, shielded enclosure and the

I test in compliance w ith Federal Standard 222 ~N.- \ O—lA mobile laboratory, double—insulated screen rooms pro—
TSFSC) . vide the environment necessary to perform exacting

measurements.
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PHYSICAL 
-I SCIENCES

I LABORATORY

I The Physical Sciences Laboratories are equipped with ELECTItO-OPTICS LAB
apparatus needed to perform a wide range of investiga — The electro—optics lab Is equipped primarily for
tions in acoustics and optics. studies said experiments In the visible and near—infrared

I regions , particularly ~ Ith solid-state components. Coti—
tinuous and pulse lasers are included in the list of lalsa—

ACOUSTICS LAB ratory equipment.
A fully instrumented anechok’ chamber Is used to iii - l~or various optic and photometric measurements ,

I vestigate both solid— and air-borne sounds . Detection and instruments such as a Spectra brightness spotnieter , a
analysis equipment is utilizedto study noise, its cause and scanning Micro—densitometer , calibrated 1Nll S~ lamps ,
reduction, as well as to develop specialized sonic and and a Perkin-Elmer monoehrorneter ~ ith quartz and
ultrasonic devices. Additional equipment is available that \‘iCl prisms are available. The lab also contains aI generates and detects acoustic signals in the audio and precision thermopile, optical benches, a Weston photom-
ultrasonic range at low and high powers. eter , a photometric l ight source ~2870 NI and other

standard optical pieces and equipment.

I OPTICS LAB
The optical facility specializes in making and testing OTHER LABS

special optical elements. The lab includes equipment that Other facilities In the Physical &‘tences Laboratories
can ‘S lap” and polish flat elements up to ten inches in include a research shop, a glass shop equlppedwith a 24-

I diameter and vacuum—coat pieces up to eighteen inches inch lathe and annealing furnace, a microscopy laboratory
in diameter. Other special test equipment , including a 

~ind a well-equipped chemistry laboratory. The micro-
Honchi tester , a circle—of-confusion tester , an optical scopy lab is equipped to take photomicrographs and in-
dividing head and a reflectance tester , supplements cludes both a binocular microscope and a Leitz (Dialux-

I standard optical Instrumentation . The lab also has the P01 model) microscope. The chemistry lab is used for
capability to electro-form and/or replicate optical routine analyses and special tasks related to the corn-
elements of any shape or figure. pany’s project work.
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HUMAN FACTORS LABORATORY

Specially ~li -s ~tii ’d and bitt It , the hl u ni a n Factors 1 ab~ i’a — I il~~ ra ter  equ ipti tent , ste red in a tiothe ’ r rouni • i ncludes
to r%- p rev i di’s a n a t e a  of about ~~O square feet in which a uni l ii chann el re - c - c t-dc - I s ;  ph~- 51 olo gical nioni tur ing equ ip—
cc i dt’ a r t  e ’t~ cci  C ~~ii ’ ri iue ’nt s can hi’ ~‘onc1ui-ted u ndc r V a t t e s t s  nie ’ni ; I iii erval ii met ’s; sound level and sh ot it ii ’ters ; phot o—
enc- I r onmenta I conditions, g t a p li I c  and proj ect ion equipnii ’nt ; console anti equipment

Among the teatu i- i’s oi the completely enclosed latsi ra — itiot ’k — ups; a tid si t i t u lat ors  and di sp I a~ di ’i li e’s . I’ht s alien s
tot -v ire ’ sound— shti ’l eled cc all s and se’m i — m d i  i’eci i l ium m a  — t’onip let i’ U Si’ of t he lalt for i’xperi mental purposes.
ion hit ’li ni a v be v a i l  i ’d eve r a wide la n g e - . .\ i i -  i-ot t —

di tioning pcl t i t i t s  high i l lum in a t ion  and heat—pr oduc in g -

equipmen t to Etc uscit dur ing studies under a control led
te ’n ipe t a in t - c  cii’. m ronni i ’nt.

ov a  id C t— o und — shielded pa t t I t  ions can he ea sil~ erected
to div liii ’ the a rca in ha If or to p reduce tno rool’is , one cci

ii hich is th ree lc ’iirths the si~ e’ of the cn ii ri’ lab. A cit e— cc av -

nil  rt’or i s  inc luded in the pa liii l u l l . Condu’ is a ic  run
th rough the e’,uii ’r ior n a i l s  cc ith out lets in both rooms, This -

per m i t s  an e’~ p cr i n l i ’iit  to hi’ conducted in one’ room nh i i c
observers and ri’i’or di i ig  t’quipnit ’nt are out of sight in the
se’u ’eflc.t rooni . 
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MA NUFACTURING SERVICES

Manufacturing Services provides skilled physical cud ETCl11’ 1~ CIRCUITS
mechanical support to HUll—Singer ’ s manufa ctur ing and Printed circuit  boards are mass—produced or custom—
development capabilities , bui l t  for experimental equipment icork. From the original
MachIne Shop master design , the etched circuit facility can manufacture

A modern machine shop is equipped to fabricate conventional circuit boards or small—module printed
p110t models and manufacture close—tolerance clt ’ctrc- circuits.
mechanical hardware. Include d in the array of machinery Only the finest material and latest equipment is used
are valous types of milling machines ; lathes, including to produce quality boards that meet all mil i tary sp ecifiu ’a—
tcc o gap—bed lathes; univers al—type too l and cutter t iot is :

grinders; sheet metal formIng equipment ; AC and I~~C 1. A double—faced photographic printer pr ev ic~
arc—welding equipment; a Heliarc Proc ess; a consumable tic u—sided circuitry.
electrode-type gun; and gas welding equipment. 2. \ screen—process press gives extremely

Various drill presses , band san s, cutoff S, In s and accurate registration and sharp line definition
other Instruments permit precision la,vout alignments ‘.chi’n sing le—sided boards are massed—produced
and fabrication. -~n MSO jig—bor ing machine , designed tappr oximately 50 impressions per hour) .
with special—developed optical projection equipment , 5. Spray etching equipment can etch boards up to
guarantees a sett ing of .00002 inch , positioning aci’urac Ii ) inches by 22 inches in size. l)ouble—andsingle—
of .00012 inch . t f ine—boring capacity of 7 — 1  2 inches , sided boards are produced in smallquantit iesb
and a maximum boring depth of 12 inches. adjust ing the holding rack in the etching equip—

mcmii.
DESIGN I)lt ,-~h T 1N(; 4. Automatic feed equipment niechantcallv inserts

Design—draftsmen prepare layouts , sketches and schu’— eyelets into the printed board. Microminiature
matics for prototype preproduction or production items, eyelets , a iien- feature , ar e also inserted auto-

{ Generally, the section is assigned to projects on a Job— niatically .
duration basis, If required , drawings comply to applicable 5. AU printed circuit boards are gold—plate d . This
military specifications or industri a l contract requir e— Ion —cost plating limits tarnish problems and in—
ments. The faci l i t y  can reproduce prints  by either the creases the durability of solder Joints.
dhi zo— or the moist—typ e process , Microfi lm and rtmdyke
reproducibles can also be provided .

‘~~~~ 
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MANUFACTURING SERVICES

M E T A L FINIS HIN G
Each production item is coated or plated with appro- copper electroplater is specially—design ed to provide a

priate protective materials.  This protects the component , smooth , bright depos’t , free from harmfu l agents to
enhances its appearance , and improves Its operational protect against corrosion.
characteristics. 5. Passivation

1. Gold— Plating The passivation process removes from stainless
Deposited to a specified thickness , gold produces steel foreign matter which promotes the natural tendency

a hard , mirror-bright  finish . A Jet—Plater consolette , of the stainless steel surface to oxidize ,\ arious sizes up
completely automatic for high-speed quality work , plates to 12 square inches can be processed.
with precision eithe r critical electrical and electronic 6. Anodizing and Alodining
parts or pilot models. Maximum plating area is 12 Anodizing provides a clear or black, protective ,
square inches. nonconductive coating wi th dielectric properties for

2. SIlver-Plating aluminum and aluminu m alloys. Maximum size is app —
Special tank facilities are designed for silver- roximately 22 square inches.

plating. This custom process provides mirror—bri ght Alodine, primarily an iridescent paint base , is
finishes , ranging from flash to heavy deposits. High applied to aluminum parts when conduction and corrosion
quality work and consistency reduce rejects to a mini- resistance is required. -~lodine can also be used to touch
mu m. Maximum plating area is approximately 15 inches up areas where rework has removed theoriginal coating.
by 21 Inches. 7. Other Features

3. Nickel-Plating Small metal parts can be plated economically
This plating facility, also specially-designed, with silver , nickel and copper in quantities up to 10,000 .

produces a br ight smooth, protective nickel coating. All types of brass , steel , copper and certain aluminum
Specific thickness can be obtained . Maximum plating alloys , excluding castings or porous alloys , can also be

— 
area Is I ~ inches by 21 inches. plated . In addition , all types of spray-painting facili t ie s

4 . Copper-PlatIng are available. Every coating must pass rigid inspection
Like the gold , silver and nickel platers , the and conform to customer specification.

_ ii
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QUALITY ASSURANCE
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At I l I i I i — Slng t ’ t ’ . liii ’ .. c~ital t t y  c\ssimi ’ :itm , ’i’lic ’imtgs cct t h ~i i- i~- - ~~. I - N i ’ i t - -\ l I- INSPI’ t.’I’R)N l ’l . . - ’uNS ,.. ounqin t llt le
dmitotc ~i ttciciciicg ~ ntt u’oic t iticics (lirocigitont (lii’ pi’.tctct ’.’ttt ~~i w tti i 1it’ tsi ’.t,’(ton oper ic t lon~ .
iit ’ot ’i’ss . c ~i ict  l i ly  -lash l’nlWi ’ u ’i tnt , ,  i’ttts it ’: Sl ic ’ctili ’fli t i n t  7. MON 111111 - II  - I - l i l t  .-IWI N I 18 :1 N I )  C I I  -‘u N t  il

M II - — — P ~ as ‘u i ,‘i m a l t  I v I, ~,t t ’i m ’ . ‘I N y st emi t Itet iti I Ecu tent a’; Nt I I ’  I t ’ I - S  . . . for errors icti d eompleteness so that

I M II - — i, - - -I n~ t ; ~
‘ • S it Ii u r n  (ion System Ib’qui rommii ’ it i  a’ t u t u pro u’ess u ’hntmg ns it Vt ’ il tc ’til’I Sit ’ ttt ed at i 1’olw’r

11511 SpecIfication l lu l l t ’t t i i  N I15  III ( , ‘ mtI t ’ ,’I ,‘I N o t t — ( u , n— lt ’vt ’ls ,
fnt’ittl  uig 50111111 es.’ IV, ’ u I  so hit ye ‘‘t u’l a I i’d mmiii, ’ t ’ the m i n i- ,’ M , I t U V I I-: II M INt  I i ,’ At ’ 1 (11( 1 N 1 i’E it -I l’ It 155
det :ii Ic, I m e ,  1 iu t  i’cn icni M ~‘f 1111 — I -1;~ ;‘os • 1 U ’nm ’ t’aI SI””’ i lien — N i l  U U ES

I i toh liii’ ltt5peu ’t l i t t i  IU ’qnlm ’entcnls ,’ 9 , l ’iI VSI ( ’ A l . I - \  MU. -ISii i(U A l l .  i” .-I f l h ( I t ’ - % T I - I )
1 in r ~~~, t : i 1t l ~- ‘u a Mu t’a mt ce Nv st ein ha a i,een ,‘vtu  I um:mi i’d I’ -‘u It I ’S . . . r ind vet’ If eout fom ’nuniiee to drawings

and :it ’u ’~~ t iei I l iv  u I i I ,rani ’h,’s o i l  hi’ I iii t a u t  t t t i ’ud , ‘t I )etonai ’. t u t u spei’ I f loat Ions to assure liii ereliangoichl I ity.
i tesluk ’nI I utapi ’t ’t h u t  st ’m ’vlt ’i ’a a t O  p ruu ’. ’luk ’uI by l ien ,  I 10 . i - I  NC i~i iN -‘uS A MI: Mi t  K it iF -I’ ll I: V I I  -

quartet’s , t )eienac’ ( ou (Vau ’( Aci tu tuts t t’ atton t-u’r ’.-I.- ,’O IN - ‘II ISIS GROUt ’
Ilegloit , I iefo nsm ’ Supply ‘tgi ’mtt ,y , Phil nuh ’I pl mtut , i’onnayi — I I  . I ‘lit  )V 1 11 1 :  I I I  1St iN I lK l w  V I’ N ( ‘1511  1M l~I t A N i l
‘.- ; u n t a . I ;t uI’I .~l t N ~ l t - : N - I -  i tI ’ :l ’ltI-: sI ’ :N -l- ,- ’u - l - Iv l -:s

t y p i c a l l y , the a reas ,c t m ’rs I i i , mmei lu l l i tv  t m , , m u t  u ’tmt u a, - t I 2 , lN sl ’I-:C I’ I I I .  ‘u s s l :MlI i  IF S
Inu ’elu t h u t  to  u ’on,~ileI ion ar e n a  m l  loic c~ : 5. t ’ I .05K) - I NP PE I 1VINK El Fl ’ ‘I’ll It’ ‘u I - I US I’

I ’E it I”OIIMANt ’I- ,.. to i’nmilleti. u’uint i ’icu’tuil re-
t .  I I U V I I-:w i i iN l ’fl. ’u ( 1 ( 1 ,11 t(I ’:t ,ul I u I - M I- :s I s  ... ,iutIt ’emt ’nts .

I t-Iui ’mi adi-Isi ’ the Fnglni ’er lng. I’um ’u ’hasi ng . ( ‘ ‘mu 14.  ( ‘05 1 1(01. ( ‘Al  11111,1 l ION :IN I) lu l lS I ’K N A N CE

L i rio t a , I’ ,‘ouit~ ’t ion , I ‘acka ghm t~ ii nil Slut 1 t i ling to — 
S ’ Il E l 1(1 - I N , . for i l l  measuring equipment

pa i t  tni’m j t ~ ut liii’s,’ Eu ’i it i i  m i ’,uten t s , I ;i . ‘c ’ MM (I N IC .1 1 1- IN F’ il l M A’l’ION . . . to the engi—

1. MI ‘N l l ’ t li t  II  I i ’t I i i  I l l S  I- I ~It I l l -  It s .. . I IISi -i’,i nei ’t ’iumg, produu ’I ion toni i’d l abi l i t y  groups .

I a it Ic ~u ub— * - ,’ui ( u-a , - t ,c u ’ t iii ,‘u ,ui t iut ’iit  a-t tli t o n —  I d . I ’lft )V II iF M -‘u i i-: i t i - ’ u t - REI’ll’ W flu .’ AlI t )

I i :u, ItuitI t e l h i i , c . SI- l t ’ u ’ l ( ’i-~N , , .  t , c t  t i l l  u ’ontt ’nets ,
;i . l’i-: i tI ’OI M Vl ’ :N lit uli Su t I t ~~I - l l  I .~ Ni I- ,,, a,, %‘i’ 17 . IN SI’I-C I -III - i’- \ ’N.-’u ;IN ; .INI) SIIII’l’ING

I , to i’st alul I ab ci ’mi , Ii ‘m’s ’ ,‘cc ii u l ulim I ~y u~i~mii ~, 
Ii ’ li u l f i l l  u ’u~utI m ’ao(un I u’equ I t ’einents.

I i ’uqualtilil iea .
4. IN S I ’I - :u l I I I .  l ’ U I N (i I ( I - : l t  51 .1  I I - I ( i . ’ u l  S ... it ’ l ’ :xrunu p it ’s Of Ilti ’ uioi ’umei tts  iu’i’esssrv ii’ disi ’Iiargo

fil l l i i i  ca ta lu ll  shed i’,’,im mi ‘u ’iuut ’n t s • i hose t ’e s luutuu s Il~il it lea :1 r i’ imue luult ’d in the Quality Cont nil

I Ii . I-A .11 .1 .1 1 1-: V EN I X I II  I ’ l- I t t - I ) I (SI  . I N i  - t -: ... an t i I t : u i t u m a l  N— 55 tu tu l i l t  It—Si ng e r ’s Ilt ’rkmuunship Standards
infom ’ni the Pu m ’ i’hasing I lops rt nti’nt u i  such SI iutunm I Ql~’ — 5 ,  (‘u ’pies i’f I hesi’ uI ~ ts I led manna Is are
;iei’forntutth ’~ s. it vii lIable ump out i’equmesi
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PUBLICATIONS -t

11111 I— Si nger , Inc., mci i i u t  u ins a coitup let e t nmlul he at hums
j  fac ii liv which pub l ishc’s il l  mcl nu cm Is , technic al reports , - ‘

a ttd other cot latu ’r a I mater ia l  relating to c’ustontt ’ r project
and iut u ’rn ct I in format  ion reuju irt ’nu ’nts .

t”xpt’r ienced t~ eh n lea I a-r i k’rs :utd cdhtor ~ , tochmt lea I
i l lus t ra tors , ar t is ts , c’otupositor s, proofr( ’adu’rs , photog— - 

—
~~~~~~~~~~~~~~~~~~~~~~~~~~~

raphu ’rs . and lithographic printing specialists blend their
talents to produce ctocuna’nts that meet the most stringent •milita ry specificatIons. ‘l’ht’s~ requirements include: MI I
M— l0953  (Signal Corps) ; Mt l . — M — l t t ~l~ (SHIPS) ; FA. -~— lI—
638 (F: IA) ;  tnd M I I . —T— 994l 1,- h r  Force) . MIl i ta r y  Stand—
t rds , such as Mll , — S’l ’ l)— 12 , Ml l, — STI)— 15, tt nd M I I , —S’I’ I ) —
16 , are referenced. . -

Six sections comprise our integrated publishing opera—
tion : the technical wri t ing and proofreading sections are .- - I — ,~ . 

—

supervised by the technIcal editor; technical i l lus t ra t ing,  ‘ 
-~~~ ~~ ~~.

‘ - -

photography, composing, and reproduction art ’ responsible
to the production manager . 110th the technical editor m i d  ‘ - -

the production manager report to the publishing manager , !. ~~~ -

a-ho supervises the publications faci l i ty .
lkthl iu’ations is completely equippeti to operate ef-

fectively and effic ientl y. It also is tnlportuuit to note that
the faci l i ty  operates (lily and night a-hen necessary to meet
project deadlines and s at i s fy  customer reululru’m(’nts. .4 
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[ TECHNICAL

INFOR MATION

CENTER

HRB-Singer ’s Technical Information Center is corn- ,,tf ~I posed of the Technical Library, the Document Control .

Center , and the Mail Room. ~
-

‘ Technical librarians procure, process , and circulate

- 
books, periodicals , reprint s, and other published material - 

- ,•
pertinent to the Company’s research and development
activities . They collect reference data , preserve m i —  ~
portant abstracts and indexes, maintain military sped - ,

~~~

fi cations files , and keep a temporary vertical file of all ~~~
‘ -

current , salient subj ect matter. These resources are - -

- supplemented by The Pennsylvan ia State University
libraries through an active inter library loan program.

Document controllers process , distrIbute, circulate ,
and store original technical documents and correspon-
dence. They also maintain records of the Company ’s
technical publications.

Mail Room personnel process and distribute incoming
and outgoing mail . They also regulate business cam—
munications through Western Union and the latest tele— ~~~~~~~~~~~~~~~~~~~~~~~~~ —

type, [tell Telephone’s Model # 33.
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MACHINE
I - - 1 ,~~~~~~~ COMPUTATION

I - \ 
‘
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:

A SERVICES
- - 

- 

CENTER

I HI IH—S inger maintains an in-house data processing Additional card-handling equipment includes key
facility to support management information require— punches and verifiers , sorters , accounting machines, a
nients and projec t work , including simul ation of elec— collator , an interpreter and a reproducing/summary
tronic equipment characteristics and environments , punch .
gaming, da ta reduction, provisioning, statistical analysis , Use of this equipment helps the Company control costs
and numerical solutions of mathematical problems. uind improve products in project areas such as:

The Center Is equipped with a System 360 , Model 30 (1,) simulation of electronic equipmen t characteristics

I- 
computer with 65, 000 bytes of core memory, one disc and environments, (2) gaming, (3) data reduction , (4) pro-
dri ve , four magnetic tape drives , an 1100 lines per visioning, (5) statistIcal analysis , and (6) numerIcal solu—
minu te high-speed printer , and 1000 cards per minute tions of mathematical problems.
reader/500 card per minute punch capability . A 30—
In ch digit al plotter is connected on—line to the coni—
puter .
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