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I

k~i~ t r a c

P ol i cy  c a pt u r i r .~ was  u sed  in  u . i s  r esearch  to m ode l  the

project-selection deci sion taking te r >a v i or of individual

managers in an Air Force H’.:) Laboratory environment . T u e

mana~,ers were partitione d L ,~ ma r i~i.’~ , m t ’ n t  level , division , and

type of lat orat~ .’; ro jec t. Y~ le 1 s w .’  re formulated for these

groups  to d e t e r m i n e  If consensus existed arLor~ them.

The policy capturing i:~strument waj c o nst r u c t e d  ba sed

on six factors that Ac re 11entif1.4 ~ Ly ir. terviews w i t h t rw

laboratory rar a~Nr s. ‘ihes .  f a c t o rs  w e r e  C os t -b e n e f i t  R a t i o ,

rechr .ical M er it , ~e ; u r e Av ai a t i li t y , Li~~~ltho od of Cuc—

cese, Time leriod , and Air Force ~.ee1 . The instrument re-

quired trw m a nag er s  to m a k e  52 decisions concerning his/her

support cr n r . -s.~; ~ rt f 4 .’ hypothetIcal R&D projects. N

The results were a To: ;It lv e ir .iicat ior . of the success-

ful use of ol Ic:,’ c aj  t a r  I ,~~ t~~c u r 1 q u e .  It was deter rDirit ’d

t r ,at  t ‘ o si~t~ 1.’ 1 iro ar m o 1 • •  (the 8 add Itive factt>ro ) of the

i e c i s i o u  pr c e s 1  ~~~~ ~~5 r e l r e ; . r> t a t i v e  of’ the i n d i v i d u al

as the  1nt ~~r a ctj v e  m o d e l  ( th e  8 a d d i t I v e  f a c t o rs

I1u8 the 15 i r t e r a t i v e  t e r m s ) .  T r M r e f o r e , the  s imp l e  model

w&ii u sn j fsr t h i ~ ‘~ata ana lysi s . Technical Merit and Air

Force .~~~1 ~~~~~~~~~~~~~ for sH rox trat e ly 75 to ~~~ of individ-

u a l  and ~ r u~ ~‘odeIr . The 8 .2 ~reject management level

m o d e l s  were d e t e rm in e i to r e  the  same , whereas the 6.3 pro-

ject management level models were different. The 6.2

v i i i  

- -



r 

d i v i s i o n  models  were  d I f f e r e r t as were trw 
~~~
. 3 d i v i ~~1on

models . In co:r.p,irlng trw mar~~~:m’~nt levels at d 1v i~~ions of

the projects , the lack of con sensus was attr itute d jrimarily

to no more than three factors (Coet-~ enefit “atlo , Technical

Y e r i t , and Ai r Force !~e e d ) .  A ls o , t he  i n d i v i d u a l  m ar a~ ere

of the projects were unable to accurately ejecify their per-

sonal models although they were consistent In their decision

making behavior . The sUg~’e~~ted empl oyment of the D e l p hi

techni que should be more effectivo in attainin,g consensus

among the management levels and divisions of the laboratory .

ix



I U L l~~1 C A I T L R I t . , OF ~~~~ ;~~~~t .T

TkthOUGH JROJECT- L.~’?T 1U~i Ur~ L. io:~ MAK I~~J

IN AN AI R FORCE REIiEAR CH A~
,U D}~.VELA)P~~NT LABORATORY

I. t r 1 j r ~

One of t u e  e s s e n t i a l  i n j u t s  f r  t r~ t e r n  rt ar a~ er , so

th at  r e  may lt’rform In t ha t  r o l e , is i n f o r m a t i o n . H owever ,

in most cases the wealth of ln.formatisn can easily overwhelm

the manager . For exa~r 1 l e , the  comp lex env iron m ent of a He-

search  and : >eve lo ~~m e r a t ( R ~w) mar.a~’er i n v o l v es search of tha t

er.vlr nment fur ~) r t u n i i t i ~.s , ges.~rat1on of options (pro—

jec ts), ui eq~o~nt i n i  e v a 1u a t i ~~r a t  d i f f e r e n t  l eve l s  of the

o r g a n i z a t i o n , p r o J e c t - s e l e c t i on , and Implementation (..chwartz

md Vertinsky , ~~ ‘~‘‘ , ‘~~5) .  The project— selection decision

i n c l ud es  g e n e r a t i n , ’ new a l t e rn a t i v e s , letermining the ap-

p r o p r i a t e  t i m e  to r t ake  a d e c i s i o n , c o l l e c t i n g  the  data ,

s~ ecif ing cor.strajrats and criteria, and recycling , as well

as s e l e c t i o n  of projec ts and a l l o c a t i o n  of re sources

(taker , 1 Q ”
~ 4 , 1 ( h )  T h i s  d e c i si o n  process depends on the

organLatioraal frateworh .

Dtp tep ’~~nt  ~ ~ ;ir~~ I’rohlern

The marst,wment of a particular Air Force R&D Laboratory

h a s  i n d i c a t e d  t h a t  the re  e x i s t  some proble.  areas in deter-

m i n i n g  the s e l e c t i o n  of the s p e c i f i c  R&D projec ts .  The prob-

lem 16 the variation In the weightinge for key factors1



(attrIbutes) tha t are used as Input s for the  R & D  ~~f’ o J . ’ ct -

se l e c t i o n  process.  Tta e~ e v a r i a t i o n s  are en countered  w i t h i n

the organitatiur. as a whole , management levels , and dlv i—

alone . The laboratory has to do w it ?. two types of R&L) pro-

jects, 6.2 and 8 .3 .  Tue 6 .~~ Iroject s (programs ) primar i ly

explore feasibility and pract icabdity of proposed solutions

to spec if ic m i l i t a r y  p r o L l e r n a .  Tt e s . ’  ~rograrr.u range f rom

s t u d i e s  and f u r l am e n t a l  t e c h n i c a l  d e v e l o p m e n t  to so p h i s t i -

c a t e d  b r e a 1~ o a r t  hardware , Un t he other hand , the 6.3 pro-

jec ts are char ~t t er t z e d  by t t . e  fabr~ cnt t ion of experimental

hardware to i~~.onistr ,tte projected ca~ a Lil1 t ies by testing

under environmental or operational condition s (DoD Handbook

7O~ 5. ?- r i . ~ay t~~~7 ) .

T u e  ~~. . 2 I r o ~~e ct  l e c i s i o r s are t e t e r m i n e d  at al l  levels

of management 4~C o m ~~a: i, D I v i s i o n , br a nc h , and Groupi Figure

i — i ) , wh e re is t . 3 ~r o ec t s  a re d e t e r m i n e d  on ly  w i t h i n  t r e

UI ler e c h e  I r s  of t t w  ma1 :t ,~e m e r ~t structure (Comman d , .,~t a f f ,

D i v i t i  I o n  , Deputy I’r~~ ’ r t m  i’. l e m e nt  ~“ n i  t~ ru ( tiM ~M )  • and Ad—

v an  :ed u v e  i o p m  er,t ProJect Office W.ara~ ers (ADlO) 
j Figur e

1 — 2 ) .  The ln c u r r a i s t . n c l e s  can be no ted  on e i t h e r  8 .2 or 6 .3

~ rojec tg.

This ret ;va rY ’. effort Inv esti#~,ite~ the weights for key

factors u a e s l  t y  ‘c  m~ .rs of th.’ various management level U

w r i l,. ~u r n u i r ~ 1 . . c t a l o n s  concerninr the R&D project—selection.

In ()rth,r to .iccompl l :i r this type of research , the judgement

po licies of the members of the different management levels

r e g a r d in g  these de c i s ion ø  were identified using th. research

2
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approach known as poli cy capturing (Reference Chapter 11).

Objectives 21 lLui ktu ~~ rch

The fundan.e -ntal objective of tr is research effort wa s

to mode l R~ ti pro ,, -~ct-selection decinions at the different

levels of mar tr.-nnent within the organization . The empirical

la t a  co l l e c t ed  f r o m  th e  l ab o r a t o r y  were u sed to e x am i n e  the

fo l low ing researc h n , 

i ~-‘ .in i~~er t  com~ ~n ,  t .’~~- R ,~~) pro~ ect—se lec t b :
C rit .-r ja in  e: ;uer.ti:~l1y a lir.t- ar fashion while
r er  t e n  ir ~ ’ a j -~ l~’e’~r.’ r: t

H2i The avera#~- in l iv  j du a  1 manat~er ‘ 8 H 2 I }~’ )  is

u - :, ‘r . e r  t h an t u e  R ’ s of the d i f f e r en t  l e v e l s
of’ r tar a , e~t o r  t

~ k ’. . -
~ 

.
~~ -~ -. H ”~ .> ), R 2 is

-~ U Tot
a ~.-a ure of tr.~- co n.~;ister .cy with which the
attrihute s are entered int o the determination
of the overall dc- : is : n .

. o r r ~~ r~d ..ection
— .j ’ 4 f f

i v  ion

• L~.t~ re Laboratory

H J s  i4 t r.~ ..rs i r .  - o r ; o r a t i ’  availa bl e information in
pro~ e:t— .electiw . lerisi on s by ut i—

J~~~ir.. ~f.e se~ ’-cte 1 ~~~~~~ fac tors in the R&D
ro ,‘ p V  t — u # -  le t un l e o  i~ l e n  iroc ess.

H~~s : ac ~ . m n r a ,  ; ~. n : e - s th e : - a ~ e r e l a t i v e  we
u~~or t’~ cr t . n Ia -~ ..-f f r RtU projec t— u slr- c—
t i  n h - U7~~~4 - ( 2u  1, ’ - ’r n * ’n  t p~ 1 I c lee are ho m o—
~‘~~ne - u o  a r . L :  ,; a l l  m a : - - , er s .

r. t c .  ‘~a~~.n ”-me: t lev el places the same relative
woj (r.t u ;o : .  the criteria used for R&.D project—
se l e c t i o n  d e c i s i o n s .  (Homo gene i ty exis ts
among the levels  of management .)

5
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Mb $ F..n fl - l i v  i ~i i t i n .  p l a c c u  t h i n  w.t:n1~ re la t i Ve  *s
uT .n u~- c r l ’ er i a  used fo r  R - ~L p r o j u c t - s e l e c —
t l - r  dec ~s 1 oflS. (}:o~ c~ ene i t~, cx iu t~i an r .or .g the
d i v i u l o n s .  )

H? .  j r a ~’~-z ’~ ac cur a t e l y  o~~~CC  ity t he  r e l a t i v e
we iru tu t h e , j  i c c -  U~~ , r ; t i e  cr1 teria used to
render the ~t: roje~ t—at-le ction decisions .

Rb I y a n . a , c r :~ o~ 1-ct ! .  t • 2 at .  I r~• 3 projects place
t h e- ~i . t m . -  rel at iv e w ej , ~r .t u b n  the criteria
u - c- I Fr R~~~~ I ;.ro u c t — .~e l e I t~~o: d e c i s i o n: .
( c ~~~~~~. n e  I ty ex l u t s  among  t r e  6 ,2  and 6 . 3
r r a r a1 e r s .  )

~*OTE I H I , H. , i. nr- , and 1:7 were t e s t ed  for  both 6 .2 and
h- .3 projects.

..j C Q L~~ ftLi~ ~~~~~~~~~~~~~~~~~~~ n c  ~j .i.~_:L ~~t u t ,~

T h i s  s t~~ fy  wa u ~- r ,  I t e l  aaor .~’ a :0- i cc  ted group  of iii—

J i v i d u a l s  ~~i :  A i r 1~F rc~ H t ~ L . n : o r a t c r - j .  T r e r e f o r e , i t

wOu ld be ver~ LI. l l r P . l t ’ ,- - e:..-ral zatl r, could be made

abou t a l l  A~ r F’ r L e  h~~. ~~~~natorieu . As a result , ca ut ion

uc u l l  be exe-rc ued be f9rc - a~ ;ly lr.g the findings of t h i s

s t u d;  to  o~~ . -~r & t  i i  r a t  r~ es.

T!e ~~~ iro~ c1 ct— . .-A c ’ ct1 I .  ! e C i J I n maiting exercise I r . —

c l u d e l six a t t r l u  - 4 t 4 • :; u a t  v. ’r ~- mo~ led I r t  a deci s io n ; m a k i n g

I r n c t r u r ~er ’ w i t h  1$ o~~: r n l a t ” I ~ro2e -t s by Ure. ~~.$ J t ah l  and

A. ~~~. ~arnt- 11 (1 ~i’o). The. e 5 t t r t t  . tes were d e t e r m i n e  i by

p’- r u O r . a l  i n t e rv iews  w i  t i .  t h e  ~ana , ’e~~- r , t  r e r sorinel w i t h i n  the

~~~~~~ lat or a cr y  arl it is as.jorre d t h at  th ese  a t t r i b u t e s  are

repre ..,c•ntat ve of t Ie infornratioz available to the mana~emer .t

1 .nr . .cir:ne l d ~: ir.g tr.e d e c i s i o n ,  making proce ss in the labora-

tory enviror .mi’r tj.

6
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Chapter II of tb iu S t - A d V  d i : ;cu . ’oeu  •~oal congruence , con-

se n sus , po l i cy  c ap t u r in g , u oc- i al ~u dgement  theory , and the

Delphi techni que in conijun : tior. w i t h  formulating a decision

m o d e l .  C h a p t e r III deuL ri~ 4’u ; t ue reuearch methodolo gy , in—

c l u d i n g  the i n n j t r u r n e r , t  U~ t -d , and  ~~~ way  the data were col-

lected arid ar.alyied , The r e ’o ’- a r 0 h  r ’-~~u l t u  are presented in

Chapter IV , and Chapter V uummariz eu the key finding. and

indicates the conclusions from the study .

7
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II. ~xte risive L1terptur~ Review

In order to understand the decision making process in

an organ i~ a t iori through a t echn i que ca l l ed  policy capturing ,

It  Is paramount  to unders tand  the inner  w o r k i n ~ e of the or—

g a n i z a t i on a l  s t r u c t u r e . .~r i n iv a e an  ( i ’~”~~) re fers  to t h i s

orgariitational structure as goal-directedness. Goal-direct—

ednesa encompasses a l l  a i j e c t s  of p u rp o se f ul  sys tem behav io r

(i.e., adaptation , learning, and control).

In theory , organitations (systems ) are considere d to be

o r i e n t e d  toward goals  and objectives (Porter , Lawl er , a r l

Hackman , 19~ 5i78). The goa l  8et-Up of this type of system

ca.n be v iewed  in two w a y s i  I )  The sys tem operates  towards

a definite goal. This goal requires the system to accept a

cer ta in  n o r m a t i v e  f r a r t e wj r , ’.j  however, tI’le framework may be

rejected if a different goal is sought. 2) The system is

involved in sri evolutionary process (dynamic organization).

The organization Is thus viewed as going through a contin-

uous process of goal-setting (problem posing) and goal—

seeking (problem solving ) behavior (srinivasa.n , 1974.105-

io6).

Impor tance ~~ Orf.~nizaUpnej ;.~ i,

liasically, goals are defi ned as desired future states

of a f f a i r s.  The o r g an i z a t i o n a l  goals  serv e several importan t

functions. The goals focus attention to the actions that

need to be carried out. They tell what shou ld be done.

8
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A source of legitimacy is provided by goals In that there

exists justification for actions or decisions. Goals in

conjunction with other measure s serve as a standard for the

organizational member to auueis his/her ability to perform

his/her duties or carry out certain actions. The structure

of the o r g a n i z a t i o n  arid organizational goals interac t, each

affecting the other. Additionally, ~.‘oal8 provide clues

a n -,ut the or ~~a n i i a t 1 o nn . I n ma n y ca u es , they  are key parts

of an organization and enuentially expresu w h a t  the organ-

ization is really like (Porter , ~~ ~~~ 1975.78—79) .

Expectation affects the perceptions and behavior of an

Individual and others (t~oldstein , 1962). Individuals expe-

rie n ce the group at~rosphiere in individual ways, Therefore ,

It would be rea sonable to assume that goals arid expectations

will affect an individual’ s group experience. Consequently ,

the lmportance of finding effective ways of identifying

goals and expectations of the group, as w e l l  as an ixidivid—

ual’ s perce p tion s of the experience , must be stressed

(WcCanne . 1977i53~’).

Cleesjficatic?1l Q~ ~~~~

Porter , Lawler , and Hackman (1975) classify goals into

three ca tegori ..ss official goals , operati ve goals , and op—

erationAl goals. Trie official goals are the publicly sta te d

goals of an organization. Tnese goals are found in the or-

ganizational charter , the official documents , the policy

statements of it ti o f f i c e s , and the like , Operative goals

9 
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provide the basis for or ’ani zat ior .al j o l i cy  formulation ,

operating decisions , dev el o1rr .~ nt ani l a p j l i . a tj o n  of irifor-

matlon and control systems , an-i other mana~’ement functions.

Operative goals are considered to r e in force whether or not

there exists a conscIouu or.’aniz.atlonal goal-setting pro-

cess , and they may L~ i~upportive of, indifferent to , or

directly opposed to , the official goals of the organization

(Manley, 19”2s3). Goals are said to ~e operational when

there are “agreed upon criteria for determining the extent

to which particular activ ities or programs of activity con-

tribute to these ~oala ” (‘-arch and .~imon , 19 58, 19k ),

The literatur e indicated that coals can be categorized

into three additIona l types. i3ozeman and Mc Alpine ( 1 97?)

conducted an experiment to d e t e r m i n e  how certain attitudes

and strategies of ir lividuals affect the choices from a set

of controlled contexts re~-resentin.g a bureaucratic decision

ervironmen t . Tne main con cern wes  the decision pattern in

which an Indiv idua l strives to maximize an individual goal

to the de triment of urg~ rilz ationa l (Lureaucratic ) or mission

goals. The lnflv~~I .~i1 p i~~~1 Is relat,i d to the power and

prestige of the ind iv id u ili whereas , the bt~repucrptic itoal

is related to both the specified objectives of the organiza-

tion and the individua l’ s perceptions of the organizational

goals .  F i n a l l y , the ~~~~~~on voal is r e l a t ed  to the per-

cep t ion  of the Individual as to the social mission of his/

her profession . T~ e findings of the experiment Indicated

that there was a s igni f icant aseooiation between professing

10 



a team st ra tegy of pursuing points for mission goals , and in

fac t , behaving in a manner in which individua l goals are

max!mized .

The very fine line separating the  definition of the

various classes and tjpes of goals presents additiona l prob-

lems in the area of communication from the management level

to the worker level. The interpretation of goals in many

ca ses is inconsistent not only at the different levels of

management , but also amor.g the different worker levels .

This inconsistency can and does lead to numerous problems

within an organization that Is aupr~ sed1y tie~-hing an atta in-

ment of a cpecific set of g als or objectives . Therefore ,

a greater u n d e rat a nd i n~ of thi s goal-congruent behavior

would be a definite aid to “managers.”

;pp~ Cpni~ru~ nce

A ~rimar~’ conce rn of ~~ a1 c o ngr u e nc e  is the need for  a

measurement sCheme for tL~ ~ - r f o r m a z ce of the a xe c u t iv e ~
arul subordinat t a w niicr~ wil l 1ndi~.ce goal-congruent behavior

under 4 n r e r t . . l nt l  (Itami , ~~? 5 s 7 4 — ? 5) .  The ultima te crite —

r i - n  u u~ -i I n  ;elect irg ~ rerformRn ce measure has been whether

the n~~asur,’ i n d u c es  t h e  a c t i o n  .f the subordinates while ,

~t t~~- s~ mo tirr e , 1ea~ Irg to tetter overall Ferforuiance ,

“ c~~s v er , t h i s  n- ’ian ~~re I n  I n i v a l  Id w i t h  the  I n t r o d u c t i o n  of

uri cer - t a i r ty  ( I . e . ,  e n vj r o n r r ’n t a l  factors). Therefore , the

congruence of attit u-les toward risk may le one of the cru-

cial fac tors In the discussion of goal congruence , especially

11
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in a decentral ized deci sion n . a k i n ~’ s l t u a t i o n .  u n d e r  uri cer-

talnty . As a result , t he  pro: i t - nt “f ~oal congruence is com-

plex and involves numerous factors such as organizational

s t r u c t u r e , u n c e r t a i n t y  in e n v i r o n m en t , i n c e n t i v e  scheme s,

and personal goals of mern ~- e r s  of t i e  organization .

Another view of goal congruence is that goal cong r uence

plays a key role in organizational and small group ~z o ce s s e s

(Kochan , Cumming s , and Huner , 1 -~~~ i528). As an example , the

leadership process will r o t  occur if the t~~rties do not share

a common goal, if common ~o~ ls exist , then compliance can

be achieved without the power procesu . Otherwise , conflict

occurs. The t r e o r i s u  of ccn fii ct h av e  centered on the dif-

ferences in the  goa ls  as t h e  m a j o r  a n t e c e d e n t  to conflict

w i t h i n  the or t r ~1 a t ~~~r s  ( ‘~a r cn  and ~~imo n , 1958).

The literature on urga:;ization behavior is continually

f r r w i r . g .  A deepe r u r . d e r s t a n i i r g  of the  role  of goals in

organization eravior is inevitable for those researchers

u s in g  d e ci s io n  m a k i ng  ~ro~.essas  as t h e i r  cent ra l  focus

(Noc h .ar , 
~~~~ ~j . , 10 ?, .5.’~ — 52~~).

on ~ er sun

Collect ive -lecisions are the moat common type of deci—

D i - D r u th a t i r i - -i~~v i d n ~.n l s  a re  f a c e d  w i t h  in s o c i a l  sys t ems .

:: )w . v er , this ¶y ;~ of decision analy sis has two basic faults

as ~ in t~ I - ‘
~~ t by 1e~ ar ( 1  1 t- t ) .  Tie problems of collective

decisions art- .~ sed cn one specific assumption that each in-

dividua l is a purposive agent with some goals or purposes in

12
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m i n d .  The f i r s t  p r o b l e m  r e l at e s  to an I n d i v i d u a l  l a c e d  ~.i th

certain alternatives . Tne jrd ~ vi1 u a ,1 w Ill cho,-i , e this out-

come that has the higi.eu t uti lit :, . Tne second problem of

collectIv e d e c i z ion  conic ern u a group of i n d iv i d u a ls  ( t w o  or

more ) faced w jt~. a ~~nr.L er  of alternativeu . In some in-

s tances , an a lt err.~t tiva may be preferred j  al lp therefore ,

I t  is ch on ~-n . h owe v e r , in m o s t  c a n t s ax alternative will

not be ~ referred ~y a l l  i r i i v  i iu a l e  c w c t r n e d  consequently ,

the t ’.eor y ~-r”a I~s down . The b a s ic  ~ r- ob 1em is the absen ce

of consensus f~ r a choice . As a result , there is a failure

to p re lict t t t  Ou ’ c o m ~~.

~ 1-;~a k i m  ( 1 ’~~ t ) )  cord~ cted a ct~~ij on d e c i s i on  m a k i n g  by

Con~,en~ us. rte mon t str i~ ~ t0 ~ fea t -A r - c of the consensus deci—

n 3 1 ) g u ;  was t b t t  ‘ach ~‘ c 1 ~~i o r .  c r i t i c a l ly  iapi~nded  on the

achieve m e n t c f  an i r . f c ’ r r r t l  unanimity ~y the group before any

t o n ~ t ive d , c  ~o t - n  c~~uli ~e r ea c h -- i . The err~’hasIe On unxa—

n i n r it .  i-~~lie1 t~ a a ml n o n i t ,  (a single person) could veto

ar ’,’ colle c ’jv .- ac ti r. . Tr.~ de ci sI- r .~ were made w r e n  t h e r e

w au  r - o  e x J  rest c i  disas rt- .~— . r t  (ccr ~~e~~sus), If disag ree ment

r o I s  ted • n o  c i s c  t o  i o n  ‘ao ma Ic . The r.a jor .1 isadvar ta,ce to

the c o r , O e r 5 c 5  lec is ~on roc’~~s that this ~roop uned was the

~a:t t h a t  n.- inI~ v idua l’ o lecislons cou ’4d help a ~r.a~ ority

f r-m a cer~~~in actio n. however , thi s particular group ex—

cna r-,, - t.d control a—o r g t~~~ v illa gers , i t .  tha t , if an even t

l i d  n o t  in t e r est  t n t - a , t h en  th ey  w o u l d  no t  ve to  ths event  In

exchange for sup rort on an even t  that was of gr.ater intere st

to the m ( E l - h i a k i m , 1 i ’~’8s 55- ~ 4 ) .
13 
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Souder (1~~75) co:.Jucted at “im ; act procedure (si~’ilar

to the D e l p h i  t e c h n i que ) in  w h i c h  four organi zations were

tested for shared values m d  o r g a n i z i t i on a l  c o l . r n e n su e . The

results indicate-i that two of the  f o u r  ~rganizations el ic—

ited high consensus. Tne tWL organizations which did not

a c h i e v e  g lobal  c o n i : ; o n s u a  l a c k e d  l e t i t i m i z e d  forma l leaJer-

sh ip  and clear s t a t e m e n t s  of tr~ l a rg er  r e t ’  is of the  t o t a l

organization . knot:w r indicator of consensus t h a t  r e s o l  t el

from the &tud’,’ wan t h e  degree t.~ wr.i :h the participants w..re

willIng to enga ’-’e In o; e n  conl l Ic t . I:, thi s case- , the m ire

open the conflict , the r .ig!e- r t I - c  decree o~
’ conse ns u s at—

tair.ed (.o~ der , 1

t ~vç ~~ n d ’-n ~~u~ ~~~~~~ ~~~~~~~~~~~~ T~iere a re v a r i o u s

rx c’ t r . o ~is  t r i t  car. e u se . i  to  ~-re J ~C t C O f l O P f l S n 3  ( H e l m e r  az1d

R e~~c r e c r , tot  L) i - . t - oY ) .  The  f v l i c~~i r t ’, ~ 1n t  18 r ep r e s~ : t a t i v e

of th e  p r o c e d u r e s  a va i l ab l e  fo r  r e j d i c t i n . g  conseni~ un $

Tre simp lest me trod is to seiect one favored expert and

acc eept his ‘r.t~r soie j~~igement. 2 )  ~ariu~ s expert valuations

coul l to poo iei jr -to an avera,zo or a mean we ighted techn ique

4 o refle .~t t~~~ t predict ive n~~ccess . 3) ..~everal experts

could ~e un- ’d to act as a si n g le group In which a decision

“~t l o  a f t e r  t r  dis . . re . -p - a n c i e s  r ave t een e l i m i n a t e d .

• .~ A~’ aj n , a gr, .~ of sxpe rta could be used , but in this case ,

th e experts include their te st second go. so jrobabiuitiee .

T e resul t is t h a t  the  i r f l u e n c e  - if the most influential

gro up m ’m ~r Is dimi nI shed . 5) &rcther consensus seasure

is t ’ .s Delphi techn i que , This techn ique is a m.thod for
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the syst~ matic so lic it a t i.~n an -I  c o l l a t i o n  uf informed judge—

ment s ~~ a ~3 rt i c u i a r  t c~~j Ic (~~‘ - j z c f f , t o ’ i 1 L ~~ ) .

Al thou~’h Y c ’ S C  techni.~uc o are r~~~rene ’ntative of the

ones i v a i l a b l e  to ~ c- a nu r e  c o ns e n s us , I t  is importa nt to riots

t~~a t  no one m e t ’~oi is u r - i v e r s a l l y  t n ’ -  to” st t e ch n l -~ u e .  n o w—

ever , the 2e1~~n i  tec hni que is  L - e i r . ~ studied more and more to

de ter~i m e  t r e  val I i i  t y  of mea surement for t i  is me t~ od.

Th.~. ~~~~L± 1  ~~~~~~~
T h e  . l~~h i  p r c~~e -i ~re is o r e  m e t t n r l ~‘I ~r c d u c i n g  l o r e —

casts of futhre c - v e r t o .  j~- l r h i  woo d e v e l o ; e i  ~y h e ir t e r  and

o rdon  a t  the  ~~mn d 2 o r r u r a t i o r  in t i e  earl~ totU’s Vc~artino ,

~ ~ $ 13 . ) .  :~ i~~- i  foreca~ t j n~~ ~s on e’ of t r e  mo st  po~ u l a r

r~~n; of Jer lv i n r’ r e a s o r , e -j  ~~ ••c i t  i o n  a~~u u t  t i e  n a t u r e  and

C o r n i t  -~ .er c es of e-~ z~ ir~g i.velo; mer 5. “The for.jcast can be

represente l ~o a . roup :~~em~ r-,t situ ation in which a number

of i r d j v ~~’i~~t l ~ f r o m  v~~r i - j~; d i s c i p l~~r~~ry ~a c K g r o u n d s , w i t h

jr~~~ t r .-le v4r,t to t n . ~ forecant jr ,~- t -  ; ic , ~u ige  the probable

occ’~rrer. :-e ~f • ‘V e r . t o  m i  ; :o v i-le- sot porting rationale for

t~~~ir  ~u l ~~ - — .~,r ’ c (~~ t l r i . c i ~~, 1i~ i s. 43). For any decision ,

there ~s m ‘r :~;is u l  c o n c e i t s , ideas , alternative s , dia~ r~~ses ,

l an r .~~r ~
‘ . : .l ~~r’i Is an , attempt to deal with

all t h . :;e ~~oat~ s. 1 - “ S i j  ~J ) .  T r i e  mu le of cor.trollei

l r .t e r a  t i o r i  a’r cen. g t h e  r.~s; c n-ie rt s repr’.s. r ta a del iterate

a tte rr r * to avoH rc~ l;sati vant~ pes asso iatei with more con—

v e n t i j r m j  uje of ex ;erts , such as r an d-table dIscuasiun~ or

other milder formm of confrontation with opposing viewa

1,5
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(Dalkey and H e lm e r , l ot  i $ ’ 4 5 ’ d ) .

Delp hi is charac ter i zeI by tni rt- ’- fe~m tures m anonymi ty,

controlled feedua k , ani statistical response . Anonijmi ty

means t h a t  the me mbers  do not know who else is serving on

the committee . The Indiv idual is a lso  unaware of any prior

knowled ge of questions , the origination of these questions ,

f o r e c a s ts , or any I s nu e s  t h a t  are tt-ir ~g considered . Con-

trolle l feedt .mck means t h a t  t he  e x c h m r g e  of ideas and com-

ments are ro~~ted through s m e  type of control (director),

who screens out th~ ex t r a: .’ .c~.s m a t e r i a l  ar -i consolidates

the rt -~~a ~r ler bef ore pre .ic-ntatior . to the  c o m m i t t e e .  Th ese

precautions k e e p  t h e  c o mm i t t e e  m e r r i e r s  from reviewing irrel-

evant —a t eria l . ..tat ln t i c a l r .’s~~j n . , e 3  mear i. that the commit-

tee does riot r e - c ees ar i l~ h ave to rca-o h a consensus  or a c h i e v e

so m c ~ m aj o r 1t ~ ; s i t i o n , a n l  that all mi n ority views are con—

s ld e red  in t n , cc f i n a l  r e s u l t  ( M a r t i n i , 1~~’2~~~7). In e8sence ,

the 
~el~~r i  t e c h n i que ’ e n a b l e - s a l a rge  gr o u p  of individual s to

c o r r i u n i l c a t e  m ean t n g f n l  ly and r ap i d ly  w i t h  each  o the r  in gen-

e r a t i n g g r ) ~~;- f o r e -  ~ te arid in m a k i n g  p o l i c y  d e c i s i o n s

( Tu r o f f , I e l

i~~ • t i v . .  ~~~ ~~~~~~~~~ ~~ ~~ j~ hj . The Delph i procedure

is ~ne m e t h o d  of u t  t a m i n g  an ex r l icit forecast (Wartino ,

to. his i 3h~). In thi s t ,’ r-e of stu dy , the major purpose of the

Irv t~st1gati n is to de o cri te p ote n tial for future events,

To b th is , the :~~l~~ri tech ni que attempt s to obtain a con-

sensus of op inions !r rr a group of respondents. This con—

senaus might be in terms of the timing of some future event

16
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in which an effort Is made to describe the  potential event

in such  a manner  t h a t  a l l  r e ’ n j o n i d e n t n ;  I n t e r p r e t the Infor -

m a t i o n  In the  same way ( S a l an c i k , W en ~’t r , and H e i f e r , 1971 $

t 5 ) .  Some other objective s of t h i s  t e c h n i que  are s I) to

determine or develop a ra nge of possible alternatives , 2 )  to

e x p l o r e  or e xp o s e  u n d e r l y i n g  a s su mj . t i o n  or i n f o r m a t i o n  lead-

ing to differing , )u d g e m e n t s , 3) to correlate Informed judge —

mento on a top ic s~ ar~nin ig a w i d e  ra ne C e  of d i s c i p l i n e s , and

4) to e luc ate the r e o~ u r d e n i t  g r o u p  as to t i e ’  diverse and in—

terrelatej a i~— e --:ts of the t~~ Ic  (ruroff , to70s149). The

r~~~ectiv ee or combination of objectives from thia list can

cause the design of the summary and feed~ a- .k procedures to

vary to some- extent.

~~~~~~ ~~~ ~~~~~~~~~ S I n c e ’  the Lei F ili techn ique Is re.l—

ative l, new , there Is very little t :at can be agreed upon by

the  n U m b  or s  - f  r a c  t i t t o r e - r e  w h o  have ex ;erlrrs ’nted wIth it.

ThIs lio e~~reemst r .t is c x e m p J l f i e l  l y the follow ing questlonas

I ) Is t~.e r e o ~ - o n . d e r t g r ou p  Cort j l~ te’Iy anonymous among its

o w n  r r . - m ~ ~~~ to t h e  d e s I g n ,  t e e - , or t o  the user body ?

2) Sh o u l d  : c - l ; - h i  I c  u se d  i t .  con  ~u r c  t i. or  with a committe e on—

g -  ir;g study effort” 3) ~.o’.et the den igri teams be knowledge -

a t  I P  In  t r ~.’ sub ject m aterial er do th e y r e l y  on the re spon —

dents to f i l l  o u t  t h e  ~~~~~ j e e c t  m ateri al? 4) 5hould the itera—

t i  r ;  (fee- ftace ) ~~e c y c l e d  to  t h e .  aa~~e- respondent groups

i n t e r a c t i n g  s e r i a l l y  or in j ar a ll e l  w i t h  one an o t h e r ?  5) How

zany I t e r a t i on s  are n e e d e d ?  and Why ? ~~ ) ~1ow do you evaluate

a conaensuu and ar e the r e sponden t s  real l,y using the same
I?  
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d e f in i t i o n s  of te rms  and con ct - p t s~ ( l u r o f f , 19 7 0 . 150 ) .

These are o n l y  a few of t h e e  k~~y q ue s t i o n s  t h a t  mu s t be con—

eidered before the formulati on of t h e  L e lj ’h i  t e c h n i que .

A l t h o u g h  a number  of l i f f e r e n t  q ue st i o n s  need to be an-

swered before the application of De1~ hi , there exists a rel-

ative a m o u n t  of p rocedura l  h a r m on y  am ong t h e  v a r i o u s  prac-

t i t i o n e rs .  ~aa ic a l ly ,  the first step jr Imp lementIng Delph i

18 the s e l e c t i o n  of t he  pane l  ( gr o u p  of e x p e r t s )  in the eub—

ject area In w h i c h  the  s t u d y  is to be made. The question

arises here as to “where does the organization select the

experts? ” (inside or outside of the organization). This

depends on the diversity of th e experts available within the

organization . After the corj lax task of s e lec t i n g  the panel,

the  t~ec ri u t e F i s  tue i n i t i a l  s tage ~ u e n t i o n r a 1r e . Th i s

questionnaire requests each panel member to list , for exam-

; - l e . t i e  a t t r i t  u t e s  or c u e r ~ that t e e -/ sh e  c o n, i de rs  for  s e l e c t —

a r e sea rch  and d ev e l o p men t  p r o j e c t .  T h i s  p o r t i o n  is

usually Ielit ~.ra tely phrasei in as vague a n d unstructured a

w ay  a i  p o s s i tl e  to p r e c l u de  i n h i b i t i n g  the  p a n e li s t s  or r e—

s t r i c t t rg  t h e i r  t h i n k i n g .  F in a l l y , a r i u ml e r of a d d i t i o n a l

questIonnaires (usually no more than three) are sent to the

rare liats one at a t i m e j each  q u e st I o n n a ir e  conta ins  sta t i s -

tical Information about the previous answers to questions

~lus additional questions (Johr.son , to?bs45—55p Martino ,

l~~’ ~s138-144). Wheri the questionna i res are returned , two

types of i n f o r m a t i o n  are e x t r a c t e d  from them prior to the de-

sign of the n e x t  ques t i onna i r e s s t r u c t u r e d  re sponses and
18
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written comments . Usually due tO a tim e constraint , a very

simple method is used for the questions (i.e., mult i ple—

choice questions). In many caces , computers are used to aid

in the analysts process (Schneider , i- ~ ’2i ’+hn 7) ,

The m a i n  i ssue s  in a D e l p h i  ø t u d y  are the d i r e c t  im-

F a c t S  on the resp onses  of t h e a  pane l memb ers . These issues

are s I )  t he  p o s s i b i l i ty  of pane l fatigue as the number of

t op i c  s t a tem e ot s  Lt - L omen  ve ry  large- , ‘)  the consistency in

pane l responteh. 3) the ch:~nge of r e u l u n u e J  as a character-

i s t i c  of the  s iz e  of t h e  .el1 b i  u tud~ ea , and 4) the ear ly

plurality of panel responses on many que0tions . Plurality

refers to a number of re :;i ,on,dents wro have  are  Im m e d i a t e  con-

sensus on the first set of questions (rirr .., trarily a 70%

figure to uot- d in the literature ). ~~~ larger the ~elphi

~~~ ~er of ar ci members), the more comp lex the procedures

~-ec oi~e (H - ~c ~~~ id ¶ ar  I Ju  id I ~~~
‘
,‘ . $

____  ~~ ~~- l ; h~~. u re1 r~e - r  ( 1 9 ’ )  focused on f i v e  pos-

sib le uses for the el phi m ethoL Tn ea e  wore  as f o l l ow s s

) This r.~ t h o 1  has potential as an e d u c a t i o n a l  d e v i c e .  How-

eve r , In order  t j  use t h i s  t e chn i qu e  as an educationa l tool ,

one mu st ask If It to cost—effective. 2) It could possibly

te e used  j r  the  d e f i n i t i o n e  of b o t h  action and research pro-

grams. j) t e  techn l 1ue nay be of value to a continuous

planning co nc ept becau se it offers a metho d of obtaining the

trends in t h e  values or goals held by different constituents.

-+ ) This method would be useful in o b t a i n i n g  indiv idt ~al par-

t i c i pa t ion  in p o l i c y  and goal  f o rmu l a t i o n  e f for t s .  5) Lastly.
19



the techn ique c o u l d  be used to serv e p o l i t I c a l  o b j e c tiv e s .

However , the Initiator should use c a ut i o n  In the po l i t i ca l

arena because the  t e c h n i que c ou l d  rap i d l y  d e t e r i o r a t e  in

such situations.

Judd ( 1~~7J )  p o i n t e d  o u t  tha t D e l p h i c o ul d  be used ire

conjunction with cost-effectiveness and c o s t — b e n e f i t  analy-

sts. However , or e o~ vIuu s use is In tice area of education

where a consensus of value s or e v al ~~a tj o n u  t o  d e t e r m i n e d .

On the  other han d , b lj S I h i s  re~ e- I v r l  i t s  w i d e s t  use In the

area of t ’- c h n ~~ uc ’ i e l  f ir e  is t ~r~ ’ (Turoff , I ~?0 ii 50) .

klva ntart ’ ~1 ~~~ ~~~~~~~~~~~~~~~~~ Technlo u.~~ ~ c e , , .e le  ( 1975) ,

~‘a r t Ir . o ( i  ‘~t ~~- ) , a~. b u n0 ft ( 1  l ”u) agree  t h a t  tree main ad—

van t a~r e of the [e l i - h i  techn i q ue is t r ~e e l i m i n a t i o n  of the

r r in c i pl. bo ’t ~~’- r.e ~c~ in tfle comm itt ee j--rw edure .  C o m m i t t e e

activity is conj iotely ex~ l~ led whi ch greatly reduces the

r.iw~igon e~~’ect and the e~r~~~~ lingnens to abandon pub licly

e x r r e - c o e  I ~~- i r . t o n s .  rue di r e ct deta te ap p r o a c h  of the  com-

mitte e act iv i ’. l ö  repui ed ~y a carefully designed program

of sequential iuest ~~ - r r a i z e s . intertwined with informatIon

and fee i L a ~~k ler i ve l f r o m  e a r l ie r  ~u e s t i u r ~r ,a1re s  of the pro-

gram . In e s oer .-:e , t r e ~ u~~e of tie De l phi stedie . allowa for

the o~ -~~~r t ere it y to get O~~ 1fl~~u f l8  from a broader group of peo-

n e  t h a n  c o u l l  t.- a s s em b l e d  in a s ing le  p lace  w i t h o u t  great

d i f f I c u l t y ” ( .j c h e e l e . 1~~~’5 . .~15 ) .

Ir , a d d i t i o n , }feltze r and ~ordon (~~~~ ?t~~~~) state . “No claims

are made , or can ~~ m a d e , f o r  t he  reliability of the Delphi

predictions. :~ )w(- ver , In as m u c h  as they reflect explicit ,

20
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reasoned , s e l f - a w a r e  o p i n i o n s , exp re ssed  in  l i g h t  of the

opinions of associate experts , SuLh predictions should less-

en the chance of surprise axed provide- a sounder b aui u for

long-range decision making than do imp l i c i t , unarticulated ,

intuitive j u d g e r n e n t , There-fore , without substantial evi-

dence that Delphi is unreliable , i t  can be c o n c l u d e d  th a t

it exhibits a predi ctive characteri stic that is just as

powerful as any other techni que that is availa ble at the

r rt-oer t tint . Johnson (1 ~~~‘ i )  a lso  I n d i c a t e d  t h a t  the group

m e d i a n  obtaIned from the Le l 1hi process  is u s u a l l y  more

a c c u r a t e  than t h e  median obtained from an i n d i v i d u a l  re-

sponse .

Res ults ~ t i i r .~~ f r c r .  ~j~j  A r~~1i- a t i o r .  ~~~ ~e1ph j. Suf-

f i c i e n t  t i m e  has  j a a s . - d  s lr ec e  the  d e v el o~~” o •n t  of D e l p h i  so

that the accuracy of t h e  m e t h o d  car .  be s u f f i c i e n t l y  e v a l u —

ated . One s t u d , •-x arine d six different forecasts of comput-

ers and i n f o r m a t i o n  p r o ces s i n g  t e c hn o l ogy  in w h i c h  Delph i

te nl qte u were- osed . ‘~artino ( l c ? 2 )  corp i led  the  results.

The fi r .ciir .- ’o i r l i .  ate tt.at of the h-~ ev ents forecasted to

occur between ~‘,‘H arid I i’.~, 49 had occurred w i t h  the m di—

catIo n that there seem’”l to t e a slight tendency for events

to occur earlier than forecasted. Another researcher , Ju dd

(~ ~~
‘ .‘ ) ,  Cu r,clude?d that the use of Delphi In the college

a r e n a  1r u v e d  t h a t  a wide range of possible goals and ob-

j e c t i v e - s . e v alu a ’ e l  by q u i t e  d i f f e r e n t  p u b li c s , can be the

ob ecttve of a D e l ph i  exercise .” Judd also noted that the

various illustrations made it apparent that Delphi techn iques

- -. 
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are very diversified.

Johnson  ( 197 1 ) n o t e d  t h a t  Delphi was a very powerful

tool for use in market studies. Ire this particular study .

Johnson determined tha t ~el ;~~i excelled in t h e  following

three a r e a sa  1)  An e x c e l l e n t  q u a n t i t y  of I n f o r m a t i o n  was

e x t r a c t e d  f rom r~.any disc i1l ines. ~~) i l e r e  ex i s t e d  straz ~~e,

d iv er ~’en t op ln  ion s m i  icating a movemen t towards consensus.

3) The panel member s who particIpat ed In the study were very

committed. A total of 90 perce nt of the panel members stayed

with the study fron n tart to finish .

inrockhaus ~nd ~eIckeIsen (I~#77) inferred that “70 J e~r_

cen t  of the r e s j - . r d e r t s  fe -it t ic a t th e  q u a n t i f i c a t i o n  of the

cor .r ,e r . su u  of ex [ert op in ion s In D e l j  hi studies has coresid—

erat ly e nhanced the accej tabili t y f the findings by the or—

g an i i a t i o n  fo r  w h i c s  t he  s t u d y  was  c o n d u c t e d .  The r em a ir in~

30 p e r c e n t  of the  r e s p o n d en ts fe . b t t h a t  qu an t i f i c a t i o n  d id

e n h a n c e  the  a c c e p t a r -e of the results , but only to a slight

le~ ree.

Tree L-elj hI metho sac thu s achiev ed a true c o ns en su s

with out too much of a sacrifice of important oiin ion . w h i l e

at the Same time~, the imiract icall t ies of a group d i s c u s s i o n

are avoided. ins expert is aIded by the investigator who

rew orded the 1ueu ’iore s to attain a C o fl n3 ”naUR . On tte other

han d , the e x p e r t s  are f o r c e d  to hell themseivee toward a

conser.aus by rethinking throu ,’h the problem by reviewing the

divergent estImates. C o n s e q u e n t l y , the results hav• indi-

cated a very successful process.

22
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~ri tIci.jm~ Q~ ~~~~j . ~~~~~~~~~ ( 1 d ’5) p o i n t s  o u t  u se rs

should be suspect of the rel p h i techn i que. He f ee l s  t h a t

the practitioners have questio nab le mot ivsu . In addition ,

Sa c hm a n  i n t e rp r e t s  the na m e “Delj -hi” as a catchy term which

bears c o n n o t a t i o n  of o r a c u l a r  insIght. The biggest promotion

of Delphi Is the regularit y and uniform ity that exi sts dur-

ing the imp lementation and ~ase of the t e c h n i que , bu t  i iackman

indIcates that in fact tr. .4ae procedures and techn i ques are

of a highl y diverse collectio n .

Turoff (1,e70), f r om a m or e rea l is t i c  stand poInt , reviews

four i o t e nt i a l  dar,,’ers of the I)elit- i te-:hr 1 - ~ue. The f our

dangers are s 1) IndivIdual s can m i s i r e t e r ~ re t  the in t e n t  of

the u~ e of t h e  t e i p hi tec hnel 11e . :) Occas~ re ally, t h e  de—

signers of t~~e e-x e -rc I.3e are accuse d of a biased viewpoint.

3)  The Jesi~’rt -rs f the tece .re~ que mu st  rta~,e t he  d e c i s i o n

make r ( s )  aware  t h a t  i c e  th .-  nrouess t e~ ing  there  is no way

to c c nt r o  1 or g — 4 a r a n  tee  a s~ cc i f  ic  o u t  c ~ • 14 ) There is a

possible c o n t e r t i r ’ t~ at : e l T r . i is t e i ~
,g used as a political

tool so OPT - e e l  t o  an an a lys i s t o o l .  These dangers are good

m d  Ice tore that thea i~~ l e ’ m e - r  t a t  I ore of I - c  lj r i  must e a care-

f u l  an i ca~~tioun ~roc .esB ~ r .n c h I r c l u h- g  e-x; i irIrt~ numerous

urederlyir.~ fac tors. In ad d1 t~~~n , a ten yea r  s t u d y  conduc ted

by J o h r s o n  ( I ~~ ’e ) for ~. ornin g ‘ lass Works revealed other

c r i t i c i s m s .  ~‘ur e~ s r - c j f j c a i l y ,  even t  q u est i o n s  in the d i f —

f’ er e r  t q u e s t i o n r a i r e s  were  m i s i n t e rp r e t e d  and in some cases

e r t ii n questions contained compow.d events. Also , other

~ru~~l.as were noted du• to the complexity in tilling out the

23 
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q u e s t i o n n a i r e s .  F i n a l l y ,  V t r t in o  (1~~72) pointed out that

Delph i me thods  are based on data  f rom the past and t h is  data

cannot be used to predict some thing that represents a com-

plete break with the past.

These c i t e d  c r i t i c i sm s  are the key to the f u t u r e  e x i s t —

ence of the Delphi technique . If these criticisms are over-

looked , the present results for the most part will be m ade—

quats and this additional aid to decision makers will go

awry .

~~~v~ rcb . 
~
j ~~vcjQ Lm ’ !.t Jr o ”~~ - t - . e  Le o ~~ Qr1

A s i d e f r o~t th e  Ls -1 1 t- .1 tec~uJque which is a method for

measuring co re cen SuC and god 1 c on g r u e n ce , t h e  I iterature on

~euear r a n - I  : , ~v ,  o 1mere t( Rt ~~) ab~~~:,Is w i t s  formal procedures

an .1 a. 1 hl gt icat ,- i — I c l o  f o r  p r o j e c t  e v a l u a t i o n  and selec-

tion. In maiij of t e.se artLi e s . t I e  asno -ssment of proba—

bi  i i  t i es  is rtn ~u r ed . w. V ’- r , he ~~-ot ~ec tlve charac ter of

t h e e , -  r o t  a~ i i ies ent a  is twL  ser ~~~~ roLl ems which may

have contr i ‘ - ‘e I t o  t ’ -e I * a ce~ tar~cc’ of these mode les

) The fir t r t 1cm C c .  e • r n i t h e  r e l i a b i l i t y  and v a l i d i t y

of t he ;ru~ a ti1 ity es~~e .~u r- e-r.ts (i. e ., their degree of asso—

c~ a t i o r .  w i t h  tr~ a -~ t-ua1 pr~~~ect ou tc~~mes). ~) The second

; r u 5 ~~e.~~ refers to tn n fac t t !at subje tive probabilities by

their very na tAr e may vary from person to person and thue

l a c k  uni  l e ceneni s (Rut u r e ; t e  i and ~chroder , l9?7~ 137).

In order to ga in  a more t h o r o u g h understanding of the

R&D proc .se , it is useful  to investi ga te the various



c o m p o n e n t s  of the ~e 1t-c t itn T roct-ss . ~chw ,trtz and Vt - rt iro ky

( 19 7 7 )  have focused upon env ironu .•reta 1 L j c~~~r n i h E ’ , in t h e -  pro-

cess of R~~ ) p ro  Je t — s e l e c t  I r e  • w h i l e  ~ouder (1 ~75) 1uc’u~ ed

h i s  a t t e n t i o n s  u~~- r e  the  or~~a r e i z a t i o n a l  p r o b l e m  of ach iev lre~

a consensus. ~cbwa rtz and Ve rti res~ y (i~~
’
~’7) have focused on

yet another c o m p on e n t  of the  se l ec t 1~~n i n r 0 - e s s  s the forma—

t ion  of individual ~~~~~~~~~~ amoe.~ R~ i) jz.vejtrter t opj or—

tunltles . ~J4-c1al att entio n was jn ~i l  to the  r e l a t i o n sh i p

t e e t w e er e  the character istic s of the exe~~ut tv e , po sition and

func t ton , the attr It u tes of S Is L r C ’a r el z e  t ~ r .  • and t h e  trade-

o f fs  he w a c  w i l l  in~: to accer t in f r m  ~~~ his ju d~~c - ~~e ’ ; e t ~~

(dec Isiors ). Jch*&~n’t~ a n d v’er t ires~ , (1.77) also formula ted

a list of ~‘ ir. I~ c i~~-rc or i r . t r l n sj ’  attr jbote g wt jch exist

p r i o r  to an ;  p r o t - a L  i i i  ty a i . e . - ~~i~- .un t ~ n i  i n  tej -~ n den t  of any

assc’ssor. A ft r tS”:;e attr i~ j t e - :; ~ r- .- rated ty ezecutiveg ,

t n . -~ l i s t was ~;hort ’-r . ’- .,l to t : e  fol.l -w .r g u  ~~) cos t  of p r o j e c t

relative to total ~~ b u l . ’ e t 1  2 )  ~aytack ~e rio d~ 3) proba—

li l ity of tech n ical a n I  c c n r ~er ia~ s A- :Oess~ 4) market share

i m p a c t s a n I  5) e x ; t . c t e I ra ’~ - of r e t . r z - .

ne cost of the pro j ec  r e l a t i v e  to t e t~ tal R~~ b~~J~ e t

of a f i r ~ i s  a ‘- e - a e . n . ’  of r e - c ore rce c ra~ t~~e q t  . • e j i  ~ c r

pen s- I  r e f e - r o  to a ff.~ ’a 5 . r e ’  of t h e -  t 1~’e C ~r r . i  ‘i e n r t  to a r~~—
sc -c t . Tne r n - at III t .  O~ t e o n r l a I  an ;  I c .i.’rer~ ia l  S U C C e S S

is a Tr e a su r e  f rL;k. r e market share is fter a

t a r ;  g~~~~ of f i r m a , or In -~~ an economic v~~ew , It is a r.—

~1e ct iu r of the  C c 0 1 . t l t l v e  i o we r  of t n t -  C -  rr~~ t r ,~ and of

market security . Lastly, the ex I te Ct e l rate of riturn is a
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measure of profita b ili ty i i i  c~-rtain eniv irorarerets (~~chwarti

and Ve r t i r o ;k y ,  1~~? 7 s 2 d 5- 1 ~~ ) .

The asses~~~e r t  of tn e  j r o t o t t i l i t i e s  of the  a t t ri b u t e o

f o r  R iD p r o j ect s  may be c o n c e i v e d  as :e £n ~ composed  of f o u r

p h a s e s .  The f i r s t  Is the j - t- r c ej  t ion  oise where the iretrin—

sIc pro at - c t  a t t r ib u t e s  are  pe - r o . -  i v e d sy the  a :n;e - s f J o r ( s )

‘he second  is t n ;e  e~v a l u a t j o n  r s a u e  w n . e r e  1ua l  i t a t i v e  j u t , e —

nrents ~~ Ic ; to e r.ex’ce • wh il e - in tne t~ ird  pt otse or- trana—

for~ ation pn a J e , the qua li ta tive ju~ ;.-T.t nl ts are t r a n s f o r m e d

Ir to n u — t r i - a l  va1~~- -s whic h are the assessor(s) sot Jective

rrob a b i l i t 1 t ~s. Fi r 4 1 1 y ,  I t e -  re-vi ew phase is where the as—

st-ssor (a) s o i j e c t i v e  ~r o a L i l i t I e . s are  c o n . r r u nj c a t e d .  How-

e v e r , to  c csT Ili cat e T,3tt (-rs further , in terjtrsonal differ-

ences can I - c  f u u r . I i c  each of these four phases due to per-

sonal , u r ~- a n i z a t i o r a 1 , a ni  s it u a t i ~~n . a l  v a r i a b l e s .

The n e r o o n ~~1 var iab les refer to tIe ~ b i 1 It y  of the as-

sess  - n  t o  e - r c e - l v e -  a n i  e v a l u a t e  t he  attributes of a proJ~-ct

cr 1 t r a n ~~ fo r rn -  t h .~~~ e m t  a n um erical rating. The organlza—

t :onal variabl es re fer to th e  i m ; a c t  t h a t  the p o s i t i o n  of

th e  a s se 3 sOr  in  he comj an; t i er a r c h y  and tne reAard system

em pl o ;e i  Save on the asses m ent rrocesa, w t ,  ile situational

var ie: l~~s refer t o  t n .  i nv 1vt ~ c -nt f t h e  a ssessor  in the

r- r c i .~~ or ¶ he dei :er - of t —~~~n a c e m r t  I n t e re s t  in th e

I -r  je .  t ( R u b . r . ; e - i r  m l  _ .c r .r dc . r , 1~d 7 7 s 1 j 8 ) .  As a result ,

; o L ~~e c t i v e  p r o b a L i l i t i ~~s s u f f e r  f r o m  i n c o n s i s t e n c i e s  in most

or g an i z at i o ns  In w n ~i ch  t h i s  in f o r m a t i o n  is ava i lab le.

~-u~ enstein and Schroder (1977) presente d a study of
2b



H

organ i~~a t i o r o t l — s i t u a t i o n a l  v a n i a t - l e s  t h a t  r e v i ew e d  th .  im-

pac t of the aase;;sors ’ spe cific relation wards a pru a ect

and the impact of t he  h eest io rs  • h Ic rarcn Ic ti p osition • The

specific relation to~.az Is a riven project ~ao ~u tJiv j d ead

In t o  p r o j e c t  re sp on s J L i l it y and pr o e t  i~i ea generation.

r t s  imp ac t of the orCan i~~at i ori a l— ai t oa ti u rnl variables on

the assi~ rin;t-nt of subjective 1ruta b ili t ieu for R&J projects

can us sumcns rized as foll~ wu , 1) i~~ th  ~;t r t i c i p at I o n  in j r o —

~ c -idea genera tion and jrosp-e ctive project resp~ ns ib i l 1t y

are l i k e l y  to resuat in re la t i v e l y  h i ,’h probability asse~~~—

meT to . 2 )  r h t ~re is a tt- r ;denc y fu r  n n 1 ~’her  r a n k e d  assessors

to assi~ n 1c)-~.r j-r ot ab ilitie s than their sub~ rdina te due to

a t e n d e n cy  to f i l l  the  ~k n o wl e -~~’e gap w i t h  conse rva t i sm .

A n o t h er I r - o t - l e m  area concern ing  a s se s s m en t  of s ut ij e c t i v e

j r o b a l i u i t t e s  w i t h  a g i v e n  se t  of R~~ p r o j e c t s  r e s u l ts  f rom

the d i s o i m i l a r  p e r c e p t i o ns  of u r ( a r i z a t i o n a l  goals  among the

in livi dua ls tna t nra~ e up t t e  or g a n i~ . . e t i o n . . o u der  ( 19 7 5 )  de-

si nz r e i  an 1m
~ a ct  s tu d; to ir ve st i~~ate four ~roupa of in jiv ld—

uai s  m i t t .  ea cl . ~-ro u~ c~~n o1rr t in ,~ of ~e’rsonne 1 from the same

rganizatlon . k~acr .  g r ou p  had  a c o m b i n a t i c r  of a p r e s i d e n t

(in two rroups only), iIv Iei n m anace re , d i r e c t o r s, and man —

a~-er s,  In es se n c e , e a c h  grou j- filled out ind ividual paired

com parison ins trum ent s for t he  c r i t e r i a  t h e y  u sed in select-

ing  R~ D p r o j e c ts .  ~ .en , e a c h  grou t  m e t  and d i scussed  the

n ’- e~~t e r  of cr~~t er 1a  used and d e t e r n n ir -e d a s tn ~~le set of cr 1—

t .-ria ‘hat shoul d be used . This completed one c y c l e  fo r  the

Individuals. After a week of norma l duty , the second cyc le
27
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was completed. Then finally, a third cycle was co:Lj letsd a

week later.

In each cycle t n. - same, in l iv i luals w. re ass j1’r,ed t o  the

same groujo . The results of t he .  inr.~~~ c t  jr~ cedure su~~ tste d

t h a t  t n u i s  p r o 2 e  lure ma; have general utilIty in many plar-ning

and p o l i c y  f o r m u l a t i o n  situations i n  addition to the lm p -r—

t~~r , t  p r o b l em  of R~ D inveut~ i- nt J :roaects . ?e~ary hIdThn social—

i nt ’ -r p e r s o n ;a l  c o n fl i c t s  a n d  l e a d e r s h i p w e r e  r e v e a l e d  i n  the

cr ou p l i s c u s i I ) n s  f r  ea c h  of t I . -  f 0 o r  gr oup s . T t e  s u c c e s s —

f-jlr .ess of the ex pe rim en t depen ded prim arily or. whether the

partic i;-ar.ts were w ill  jug to e n c e ’e in open c o n f l i c t , w he r e as

djs-ja isfaction was r’~la te-~ to a clear avoidance of open

c°nfl Ic t ( . c  A-1 . r- • 975i t~.

~s (1 ~-t ~ ) conduc ted an lr v t . it  i g a t i o r ~ on t or k ~ D

lee : orat or ies n i m a r i l  In the a re a s  of tec hnica l and c -c r i. - r—

c lal  s u c - . - E ;  w i t s r e s i e c t  to pro~ e -c t—s ele i~tion . The results

in Ilc at e l that three - ef  t h ~~ f o u r  la o r a tor i ’ -s  m a d e  no attempt

a t  a l l  to r a n k  r i sc  to or t r e  Las I 0 f  t li~- ir  t e ch n i c a l  a u c —

ces s  or c m c ~ .-r c  Ia  1 p er f o r m a n c e . V ea ~o~~s C o T e C  b led  t h a t  cur-

re n t  l a t .or a  r~ se l ec  t i o r  r c e l u r p s  t~~ i c a l  1; e xp e n d  more

t ’ a n  5~ p e r : . - r t t  of t n . e  f i r m s  d e v e l o j  m e n t r e s our c e s  On p r o—

j e- - ct s  n q~~ b n t  roI uce c m m e - r c I a l l y  su c c e s s f u l  p r o d u c t s.

A ~~ , t I t - r u  I s  a - n  i c r, : ;  f r  t e c h n i c a l l y  and commerc ia~

un ;u cc esefuTt ~roje- s, as a grr uJ , t ) i n c u r  greater cost

overrun s t a n  co~~i - ‘rc lally successful projects which results

in unsucceas’ .~~ pro ect s costing more on the averags.
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-~j’jtt, c ~~ Q~ ~~~- 1t - ~~ ~~~r r s~~ t t  Lot ; ~~~ ~1J2 k’roi~ c t — ~~ l~ c—
t ion. ~a ke r a n d  I o ~~~ ( 1  ~~~~ ) n .  t ed  t h r o u f ’ I I rite rv j e w  o that

al t h o u g h  a n u m b e r  of m o d e l s  ex i s t , v er a r . -w f l a v e  re e iv e d

t e st in ~z w i t h  r e sp~’c t  to f e a c i b ~~l 1t y  and/or de sirabil ity .

Also  ver y  few f  t t . - u e ’  m o d e l s  l a v e  u ’ ene e v e r ~ l i m i t e d  f o r m a l

u s e .  The i n t e r v i e w e r s  c r i t i c i z e i l ~i.o~Iel3 or me thods primarily

In fo ur differ en t areas. Firstly, m o lt- i constructio n re-

m a in s  an amr i igu - .~..s f a . ’et  b e c a u s e  ~~~ Iroject-selec t ic s  l a cks

s t r u c  t u r e  an I ( b a f  h i t  l e t  o f ob ~ec t i v e s .  Jo f a r , h~~ j r o j e c t —

~~t- lee t Ion has fal l e ’d  to f t •  ~1a-jcr I: 1 a d e - q . a  t e l;  in a th u l ’ —

ou n ~h and d e t o i l e d  “ . . t n . : . . -r . ~~ c o nh i ; , data availability and

relIs h iii t~ ~ - r ~e cr~~t ic iz~- - .l Ly j e r s o n n e l  of organizations

t h a t  m a i n t a i n s - I h~~c t . r 1c a 1  r eco rd . ;  of  d e c i s I o n  analysis and

~-J t n . ) s e  I . - r ; J r 1.ei  ( I f  or t ~e r i z a t ~~ons w i t ’ o s t  t h i s  I n f o rm a t i o n .

‘r r .-re se e me d  to i.e n a~ ; i c a ti o n  for  t t . t ~ information In

m o d e l s .  T h i r d l ~~, acc i - ; tg :  ‘ e of the  n r o d e i s  was criticit ed

I~~- t a l ac-  ‘ de taile d ee x p ”sure t t h e  ma t h em a t i c a l  and

stat iii t i ca l tec ?~r i ~1ue s r.eir.1 ~ prof se1 . There  also exIs ts no

c lea r  l e n o n s t r a t i o r  t h a t  usIng a fo rma l m e t h o d  Is h i g h l y  a d —

v an t a~- e - o u s .  F I r . a 1 ~ y ,  i m l l e ’ Ien t a tj on  and use were m e n t i on e d .

A l t h o u g h  the- rn~ be ’ l I a  ac c e~ . ti- .i , t h e  r e s u l t  Is a t e r m i n a t i o n

of ~~~ . ‘ Ic I use due to t h e  o; n - o r  l e ~~t v  Ing t h e  or~’anIzation or

due to re orcur lza t ~cn ~-e in0 somewhat unstable.

‘- a n y -
~ 

- - i d e  i r I e r t r t l y  are p o s s e s s - i  w i t h  a n u mb e r  of

li nr l tatior s . ~iaker and ~‘r,-e- 1and (1975) p o in t  out  a few of

t h e i c . Ts.? r~ is an exIstence of t h e  lack of adequa te  treat-

m e n t  o ’ r i s k  and uncertainty , of multiple criteria , of

2~,i 
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p r o j e c t  i n t e r re l a t i o n s h ip s , a n d  an i n a h i l i t j  t o  r eco~’ n . l z e e  i i : d

t r e a t  n o nm on e  t ar v  as~~- -c  t S  so I , as e s  t~~~b~~ j s~~Ii~~ an I nra I s t a i n —

inig b a l a n c e -  in  t L r - }~~~!j J r L 1 r 1 : ? . ~~i s -~ I on t r e —~~e 1 i mi t a t r o n ~~.

i t  L e c o me s  more a; perez t ~h; decIsion ma: a 1e r s  r e f us e  to im-

p l e me n t  qu ant ltatt ie model s for the R~~) pro~ ect-eelectbon

and resource a l l o c a t io n s .

________  
f ‘. ) I e i - ’- e t t ~~~~~ b n ~~ . A l ist  of the models/me th-

ods foll ws whIch are i -ler ti fie d b y the r ; a r ~e or name s of the

or 1g i r e  to re  s

1)  Y ;tl~~
_ h. w t

~ ri (l- ~o ;)— ’ihIs is a d e c I s i u r ~ t heo ry  approach .

I r oj e c t  p r ;  5 5 1 5  are r a t - I  w i t h  r e s ; - e c t  t a nonr,~ or of e v a l —

ua t l . ) n .  c r l t . - r i a .  An ~v~~r a l  1 score io~~~~~ p u t t - d and u5e~ to

r a n k  the alt, rnative-j . J ’- l e c ti on  c r i t e r i a  are  c o n s i d e r e d

w i t : .  r e u ; - e c t  to c o n s t r a i n  t s  I t L ’ I u - I i n , ~ r o s e - a r c s  h ud g.— t , r i sk ,

a l  ove.rall p r o gr a m  i t i a r .  .- (; aker a n I  loo n- b , 1~~t ’4 , 12 7 ) ,

c r - - - m ’ e u ( e ’ ~j — l~hjs I~
j an . o j e - r a t j ; r n j  r e s e a r c h  a;~~roach .

~or eic h al t e - r ’ .iti ve Tro~ ect , ~ir  c - n ;  t :~~a t . -  in; made of the

p r o b a t 1 i i t ~’ d t st r ~~~~ t i~~: of r e t  v 5 l L . - . ~.e - i e c t 1 u n  is a c e c i —

p l i s t e ’ i t y  r r e x i m i z i n . ~ e x p e ’ c t e - i d i s c o u n t e d  r e - t  v a l u e  su L j e c t

t o  c u r s t r a i ts  or th e  t o t a l  ~~~~ ~ e t , faL iii ties , and peroo anel

A l t r . . a r  p r o g r a m m i n g  f o r m u l a t i on Is u sed  ( b a k e r  and Pound ,

. i  i ;~ ).
i) ~ne ryis i , .-t ~~~~ (~ -t )-rhis Is a deci sion theory approach .

I r oj e c t  pru ;o ;als are r a t e d  w i t h  r e sl e c t  to a n , .m: er of e v a l —

i~~t 1o r  criteria. A :. o v e r a l l  score Is c o m p u t e d  and u s e d  to

rank the alternative-u. Constraints such as research budge t ,

skills available , f a cilItie s available . arrd competitor

30

—

-~~~ - -—,
~~ -~~~~~

.- -
~~
- -- - -

~~~~~~~~~~~~—-.



efforts In the area are cores dtcrr 1 (cii ke r and Pound , I 9O L i a

126).

~) k ’ ”  r (1Qt ~2)— Tr ls ig an u;4’rat ion;; r e ; ;e - crch approach .

For each alternative project , estimat es are made of the di-5-

counted net value of the project and ~‘r oi~~bility of success.

Jelectior Is accon~~1 ished ~~i m ax in n iz i n~ ; ex ;ected discounted

ne t  v a l u e  su b j e c t  to constraints on th u  mar e  hours available

and  on t h e  raw ma t t -r i :~J s  a v a i l ab l e . The . o ; t i r t a l  manpower

alloct ti on is i n d i c a t e d  n y the result . A l i r e - a r pro gra mming

forg~ulatjon Is used (baker and lound , 1’ e~~~ i 1~~t ) .

5)  h; ( 1o t ~~) - r b j s is an o~ c-ratjjss reuedrch approach . For

each alternative ;ro~ e~ct , es timate -u are ma le of the dis-

c o u n ; t ~- 1  gr o s s  value as of s.- . e -r a l  oj ’ .t s  j r  t i m e . J’r ob at  11—

I tte ; of 5 0 0 L e S S  ar .~ a l s o  e n e t l r n a t .- l . ~ e 1 uc tj c r  is acc~~r t—

p1 i s h e -d t~ max HI:’ i n n : ex ;~~c ted  d I s c~ e n ; : t e ;d  n e t  v a l u e  u u r je c t

to a b : b ~-et c onstra int for the first period. The o p t i m a l

a l l o c a t i o n to eacs ~r .~~. - c t  is  i n d i c a t e d  for  each period. A

dyr.ar Ic ;-ro~~ra rm i n n ~ for’r. u lati ~~n Is used .

) L - - r - I .~~- n I  (1 . . )_ I h i s  Is a dec ision the~~ry approach.

Project Irc ;ouals are rited with respect to a numt or of

welgr’ eJ selection ob lectiv os . Are o v e r a l l  score Is c omp u t e d

an - I ;4 ;e~1 ~~
. r-~~n , k  t h e  a l t e r n a ti v e s .  The budge t constraint Is

c r 8  i lere ~ .

_
~‘ )  ~

‘: e ~~-~r-
’’ :t (l’Js-4)-T his Is an e’onomic analysi s  and op-

e r a t i o ns  r e se &rch  -~-‘r oach , an a p p l i c a t ion  of portfolio as—

lect 1o~i and utility theory to the problem of research pro—

~e c t - se i e c t io n . For each alternative project , es t imates a re
31
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made of ne t v a l u e s  ~r b  p r o L e t  i l i t : e - ~~ of occurren ce . Ut ilit y

curves are al so obtaIned. Jr o~ eec t o  m i , he, ranked or the -

basIs of expected value or ex ;e-cted utilit y . i~ ck of pro-

j e c t  independence  is also meni tionc -I (baker and Found , l9~~~i

1 2 ? ) .

8)  : . 2 tt (l9c 5)— ~ r ini is an op e r a t i o n s  r e s ea r c h  a lj r o a cr . . a

d e t e r m t n i s t i c  m o d e l  w h i c h  q u a n t i f i e s  t h e  value or technical

pa3 off of each research task . Th e— m o d e l  developed considers

the world ere v iror~ c - nt  t h e -  A i r  Force - m i s s i o n s  future weapons

systems cor .fi gurati orsj laborat ry tecr r ical objectives and

the tim eliness , com ; I exl t y , aol sco ;i of -ach research effort.

The result con sists of rec rnmt-r ied b o n d i n g  le -ve la of e ffi—

C l e n t  t a 9 k u  al r:g w i t h  uu ~~oe ’s t e e d  t a o x ~ f~ r c lose  s c r u t i n y  or

p o s s i b l e  e l  1 T t 1 n a t I L r — .~ m o b  i fie I I i r e ~ n r  ;r o g r im .

L))  W eU ~ ( i - i - i.)~ ~: l s  is a decisio n t n  i- , aN - r o a c h  to st or e ,

t r ack , s r I  p r operl ’ relate ’ jo  I.~~n .nt~ co n: - . e - r n e i n g  sy s t em s p to

show t h e  im ;eic t of t ’ en. e j o l e c- rt e -r t s j  to permit real—time it—

er a t i o ro ; of I - l a I r : in  ;‘ ; r o L  l e r r o to f a c  I I tate the assessment

and a e l e c t i r ; of s y s t e m  can didates for deve- lop rren .t . Criteria

are s throat , t y p e s of war , ~ icy oijectlves , function s,

s/s tems cont r in ut iun s , force structure , technical feasibil-

ity . s c h e d u l e  a nd cost , and bud g e t ( C e t r o n , M a r t i n o , and

R o e p c k e , 1~~t ’ e ? ) .

~0)  . n - ° i : r ~er  ( 1 d t ’ ) - T h i s  Is an e c o n o m i c  a n a l y s i s  and op-

erations rejearch niH -r oa ch , an ~e~~ -lIcation of project—selec-

tion under c or e s t r a i r .~- I  resource conditions. By using mathe-

matical models , co m iuter programs, and avai lable  infor mation
32
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c o n c e r n i n g  coa t s , uncertainti es , an d m i l i t a r y  va lues , I t  is

po ’j s ib l e  to o b t a i n  o p t i m u m  solution-s. The case study has

devel oied a mathem atical i~~del f - - c  r an d 1in ~ the large n u m b e r

of alternatives thr ,uoh t : . e  use of a ser i es of s imp le r  com-

puterized me thods. There the results of orM stage are used

in  th e ’ s u c c ee d i n g  s t ag e .  A d y n a m i c  j -ro gr a : : r r ing  formulatior .

Is used.

i i )  ~- ‘-it  ( 1~~ ) — T h i s  is  a d e c i s i o n  t h e o r y  a p p r o a c h  ba sed on

d u a n t j f i e I su b j e c t i v e  ~od,’e rtere ts on the redict ed value of a

successful laL r a t ery proj ect Outcome , t h c -  l i k e l i h o o d  of suc-

cess of the  p r o j e c t  in t e r m s  of i t s  t c - C F . : , o l u~’ i c al  ach li v—

a b I l i t y ,  t h e  s p e c i f i c  I - l a n  of attack a r l  toe s u i t a t i l i t y  of

the proposed i e r b  ormers of t h e  work , an I t h e  p r e d i c t e d  cost .

T h i s  t e - :h n i ~~uc sto 1  s sh ‘r t  f r i l u c i n g  a u j n ~~ Ie n u m e r i c a l

rating of Ire j e c t  value , to t g i ve s  t h e  decision maker the

o p p o r t u n i t y  t o  select from a group- of alternative projects

Ce t S or , ~
‘ er t I no • nn I H o. IC ke , i ;~~~~~~

‘

2 )  Cc- tr ~~~~~~~~~~~~~~~~~~~~ H oet ’~’) - Th i s  is an ope ra t i ons  re-

s ea r c h  a~ rr oach . ~s- ’ tore taker . Into accour t are Importance

of r r j l i t a r , ’ m iSsi o n s , criticali ty f technological effort to

m iss ion , a n d  level f tech;: logj require d . Funds are allo—

c c  tec i a r r on ~’ c. nn i  ~ I r -  ~t- c tu  on the  b a s i s  of maximum ma r-

g i n a l  1a ,’ n f  j e r  d o l l a r , w i t h  a bu dge t total .

1 3 )  ~~~ H ~ ~ ) — T r n : n ; is  a z e r o — o r e ’  in teg e r  programm ing

aN r c ’ c ‘F  w i t h  a 1 ‘
~~ I , - e -t cor-utra int in ea~-h of several futur e

time peri obs . ir ,tere stir.g features include the use of an

ob jective function incorporating riskp probabilistic
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c o n s t r a i n t  row s~ and the  developme nt of model equations for

the cases of project derer Ien:ce and independence (dear ,

Locke  t t , and learsoni , 1 ~l’1 i ed).

i’~) Ne ~e f ~~ç ( 1~~ ”~~ )—This is a m u lt ioL Je ct lve decision analysis

carried out to help manag ement of a major corporation ’s

Research arid En~~ir~eering ~ i v i s i o n  in p la n n i n g i t s  a l l o c a t i o n

among six mIs~ Io:s, or areas of  rcu ;onsi n -ilit ~~. In c allo-

cation involve s tradeoffs tetween competin g objective s . This

analysis formally c r ~nider n ; tr~e un: - t-rta i ni tles and m u l t i p le

objectives , yet tao on ly  mu.Ie~~t data requirements due to its

use of a p p r o x l m a t i . r c :  and its focus on- mission rather than

on in d ividual Irojects . This ajiruac h uses concepts , tech-

n i ques , and results from decision anialysi8 , particularly

from mu ltivar iate ut ili t :,~ the ory .

1 5)  A e r - r ’~’ e- ~~- j ~~e ( 1~~” d ) - ? e  c o n c ep t of i n t e r de p e n d e n c e  Is

incorporated In to t h is  H~~ J j n ’o j e c t - se l e c t ion  and b u d g e t  al-

l o c a ti o n  mole !. rt,e ‘:iel is terme b 1t~ ’L~~A 2T to reflect the

fact that it was d’.-~i 1- ~n e l  to deal explic itly with project

interactions a r l  t eca os e - its use will encourage the inter-

a c t i o n  of ~‘r o - i I o of !° O P l e  w i t h i n  t he  o r g a n i La t i o n .

I r i s  li st of rt de~ l~ is oot an exhaustive one but pre—

Be! : t5 ~~c m e - w n ~~ t o f  ~ r’oa I i c ure tt a t researchers are at-

tempting to m )del. 1:o*c-vor , the . majority of the model s

listed are not c ona dered useatle out of the environmen t in

w h i c h  they  w e r e  O r i g i n a l l y  l e sign e d .  I n . -  r e u ea r ch er  fui’ this

~~t u1,’ nii s chosen a newer techni que referred to as policy

captur ing in which the methodology Is s i m p l e r an d i s easily
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modified to apply to different environments.

1 - l ic .’ C ap t u r in g

P o l i c y  c a p t u r 1 n ~ is e -j : e r t i a l l y  1 u , i n t i i j I n ~ t oe  p r o c e s s

used by a d e c i s i o n  m a k e r  t t r ou ~ 1. w h i c h  : f o r m a t i o n a l  a t t r l —

t u t e s  (cues) are wei ghted and c omb i r e l  resulting jr a deci-

s i o n . Gooch ( 1  ? . )  d e f in e s  p0 1 i~~y c a p t u ri r ~~ as . .. iden t i -

f i c a t i o n  and quan t i f i c a t i o n of t he  at tr~ tu tes that are pe r-

tiner t t o  a 1.-c is ion and t h - !  soLseqo .-n t sa tto - n r . a t i c a l  de—

scri i tion of the 1- c ~ j~~un  o l  ic , f o r  t h e  . v a iu a t  ion  of these

attri t-steu. o:L~~t !, (1/2) 1e fj r . e ’ ~~ j~~~I i : .  ca 1 tu r i n q ’, a l i t t le

differentl y by referrio-~ t .  i t  as “ . . . the building of a

m~~le 1 w h i c h , g i v e r  t t , . - sirr .r irf orma~ ion U e I n d i v i d u a l  has ,

wi ll accurat ely r~- ; r s i u e t . i.i ju I g e . m - ’r t s  t ..cc ,ed on th a t  In. —

for m s  t I n . - h o  th  re s e - a r c  t . e  r c  are r e ’ fe  r r  ~n g  to the ac tual

c c - b i n a t i o n  0f t he  i . . t c s t i n.  a n d  t he  d e s i r e  to pr o d u c e  a

m a t t - e m a t i c ~~ (o r  t e o r ~~s t i c )  ~~~d t 1  of t~~e. ~u d g e m en t making

procees  ( 2 c r . c s , - r r i s , ~T h r t i n , iun ~~ers , and Wagner , 1 -~?~~i

I ~~ icy ca n t . r t n: ~ is r u t  4 ;-an.acte a Ut sh o u l d  be c o n s i d —

ered as an aid t~ d e C t a t o n  nr~~,ere t f i

1. i-~x t e r r a 11 ir., end ur n  i~ rs tor i in g the decision

I r o es: ;  -~~~.1i enhar , .~ or r r . o r , l c a t i o n e .

2 .  I t  i s  -i~ -~ i r ah i e  to remove  b i a s .

3. It ~s d csi r o~ le to obtain consistency (goal

c o n gr u en c e  ) .

i . T rer~- are a n un .ter of decision makers (con-

sensus).
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5. - everal  f a c t o rs  i n f l u e n c e  a d ec i s i o n , a n d  i f

there were  w e i g h t s  fo r  each , these  we i gh t s

would  provide a basis for ranking or selecting

al tt- riiatlve-s , or

6 . A r o u t i n e  d e c i s I o n  ~.dir: i ~ Jr )c e-Js exists for

which automated deci sion r ’n ~: i rg  would be bene-

ficial ( . o n e s . e - t  ~j .,  ~ L~~r i i ,  2).

This research iirec tly involvc u k~~ ~ro~ ect-selection In

wh ich  al l  of t~~e above list existed . On ce policy capturing

has been d e c i d e d  on as th e  a i d  to use , the following 1?

steps are hel i ful .

1. I d e n t i f y  t r ~e ; r o b l e ~~ ( p r o j e c t — s e l e c t i on  fo r  AP

~&D L’~t-orato ry ).

2 . -. teraJne (if) p o l i c y  c a j tur~~r~~ w .u l d  be a use-

ful tool f-sr a d 1r e ~.;o~~r ,g  t he .  p rob le m (r e v i e w

t h e  a n ve  six state rer ts).

3. I I t - n t i f y and de - fino the i e - c ~~s I o n ( s )  to be

m s l e l e - d  ( r ~~, 2 and  ~~.3  ;ro~ ec t—selectIori ).

4. I l e a n t j f  the ~u d g e ( s )  wr ,oue dec sion(a) will

e m o l e - l e d  ( ‘ ar.a~ ers—C om mand ...ection , ~ t a f f ,

t i v i n l o n , . r a n , c h  or lJi- h-~~s , and Gr oup or

A~~} O s ) .

5. I l e r t i f , the or, - a n 1 : a t i o n a l  st r u c t u r e  as i t

r e l a t e s to the judge(s) and to the decision(s)

be in g  m ode le d  ( levels  of management w i t h i n  the

l a b o r a t o r y ) .
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b. i d e n t i f y  U.. - f ac  t r u  ~~ ! i. in ; rj v  l i e  t h e  judge (o)

the i n  burma t ion nee- 1e- d to ~ a~.e dec i~~io -n ( s )

(rev jew ac tuai w rk c -nv  ir or .men t  in w h i c h  de-

c i s i o n s  are  to b. m a d e - ) .

7. Form a set  of v a r i a t i s u  ( c u e s )  f r o m  the  fac-

tors ~r e v i ou s I y  i d e n t I f i e d  ( c l o s t — b e n e f i t  R a t i o ,

Technical Ya -rit , Resource A v a il abi li t y , Like-

l i hood of ~uccess , r i m e len d , and A i r  Fo r ce

Need ) .

t3. . e - I e ct  ar ar ~-r~~~r1ate r ’ - t ;~ : n .e scale and data

coli c - t ionn ~ r ~~‘ 1ure (~~r a ç n i c al  scale from 5

to ~ ~n c lud ~ r.~ zero ~or R- .i. project-selection

sn r ~~~ r t  in a d e c is i o n  making exercise). t4Oto s

.ee~ C o ap t e r  111 and Ap p e n d i x  A fo r  f u r t h e r  de-

t t  is .

9. n e c  i r ,  th e  ‘ vpe of case to be presented (hy—

p’)the -t i ca l ~~~~~:-  pro jects).

10. -. e l . c t  a st a t~~s t i c al  d e s i g n  to y i e l d  de s i r ed

in f r~~a t i o r  ( l i n e a r  m u l t i p l e  r e g r e s s i on ) .

i i .  C o n s i d e r  ~P y s i~~sl a e p e - t s  of the  case p re sen—

ta c ion (si m ilar to actual environment) .

12. l i l o t te8 ’ e ’x~~. - r i m e ’ : n t a l p r o ce lu r e  and r e f i n e

I . e . cx:er~ nxient (pr€-test in3truments).

13. i D e s e - n t  cue  data , collec t responses and record

p erti nen t non-formal remarks (~ ee Appendix G).

1~
.. Formulate modele (Iee Chapter IV).
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15. ‘russ v a l u a t e -  and/or validate the model(s)

(~..e Ch ajter 111 ).

it ). investigate irrt.n,~u li r it ieu , diver r ,itl. - s :cn.~ n~g

m d c  is  a n d  u r . r e s o l v e d  c o n f l i c ts  for judgement

or or g ani zati o n a l ~olicy implicatio ns (see

C t a ~~t e r  V ) .

1” . U t i l i z e -  m o d e l  r e s u l t s  w i t h  . . j j r~~~ria te control

( us e  :a u tl o n  in the  1~~r . J em e n t a t i o r .  p h a s e ) .

(Jo~.t-s , ~~ ~Je.’ 1 97t)~ ~t)

A s a result of t h e s e  sc-vente -er. ste; u~ t i e  amoun t of c o n s en s us

ks measured anl the determ ination is ma lt as to whether the

or ganization is operatir~~ in a g a l  cor..roent environment or

r_ o t .

~~~~~~~~ I r  ~~~~ . ~~~~~~ Y le .~~~ I h e  JilosopL~ under-

ly i n g  tn .- s tu d i e s  1r.v ~~~v e I w i t h  ~ od. ] ing  is t hat  man fre—

l u e n t l y  relies on in formation that is probabilistic in nature

w r e n  ~ a k i r .~ ~c -c i s1 ns concern i ng tie state of nis environ—

r e n t .  T o e -  m -  1.- I re~ re- s- -n t : ~ ar ’ s i n f e r e n ce abou t  h i s  e n v i —

r -~~ 
-. c.- t ( . e ~cr  • I ~t s

~ r u b l e s  con c e r n i n g  m o d e l s  de v e l o p e d t h r o u g h

r o l i c y  ca~~t u r i r ~ is t h e  d i f f i cu l t y  in p a s s in g  a long the  pa th

fr~ rt t h e o r y  or r : I e l  to a p r l i c a t i o n  ( C o n r at h , 19 73 d 7 3) .

a w - s  ( i - i ,’ ) o ~r t e~ out t h c -  ~es t i o n  of h o w can a m o d e l  based

on an ini i t v i - I - .~~ l~~ l e h av l . -r lo a t.-tter job of wha t the in—

divi’l ual is try i n g to do than. the individual himself? The

an swer , by it s  very  n a t u re , Is an abstraction of th• process

it mode lsp hence , if the decision maker ’s behavior involves
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f o X  1 L w  i m g  va il i z inc r It- . h ~ t o 11 -
~~ r g  e ri h)or 1 j  • t r o -  ~~e

vs ~ i i pr Inc ij 1 ‘•s w i l l  e a~ t r.i - t e -  i j  t ? , e- rr I~- I — a I r . a a

the  d e v i a t i o n s  f r ,m t h e s e  r i n c i r  105 a r e  n . j  S y s t e n r , a t  i _ a l  i~

re late - I to the variaI lea ‘ he  I . C i 3 1 ~~: m a t ,~- r  18 c ons i dering . —

tn.e iararsr~ t ic re; re-oc r to inn , a t e - r r i . j n t r  I 4c ~-J  : -y  !ioffman

( l i t  ) whic h rr- - a r . r ; t t t -  ri.~ t ’ e~~o t j . . a i  r- . - ; r e -  n e n ’~~ t~~u m .  - f  t he

judgemen t rroc eenJ . w o u l d  r .~ be c l 1 . ;  t . -  I n .y e x t r a n e o u s  .ar ~ —

a b lee such t o  fat ~ i. . , i .t-jla. !.eu • a .- . I L o r e d u-t . There f-r er

if these eztrar e~~u s var iahles are n ot  relate d to the relevant

variatles , t h . n I t . . -  ~~. J e - I w i l l  attach the correct weigr t~ to

t o e  r” ievan.t va ri .t~ l ea.

A secor  I major r--a sor . f- .-r t n . - u s e -  of r~~.. -I d e  is cost-

~er ,eft t ar .alvsiu w h i - h  *.s pre~~en -te d by ~olIse r~’ (197u) and

‘ .~* e i  (1 ~~
‘t ). Ir, o t t .  ut Ij ,~~ , t o.- re~ e a rcrers ~roved that

t h e  use of jui~ ose .r, ’ al m - l e e  I s  s j r , n e - r e - r .  t ly less costly than

the  u se of r i u .~ n r n  j u d g e s  ~ue t tr e  f t t that the judges who

w er e  use l to d e r i v e  tO.- rtsl. -ls were l r .-e to p e r f o r m  o t t e r

aL t i vj t j e s  a f t e • r  t h e  m o I e ~~s we re f o r m u l a t e d .  Ano the r  reason

for 4 r:e use of ma - It -i s Is a r i . - t h . I b r  determ ining the amoun t

of con sensus w i t h  ir. an r~’ :tniLa tLo n mn u or. as this particul ar

r e s e R  ~~

~~~~ ~~~~~ ~~~ ~~~~~~~~~ I t - f  r .~ p - h ey c a ;t u r in g  can be

compl etely co~- ; reh.•r ~e- ~~, a brief deocri ; tion of  t t . t -  d e c i s i o n

ma k lr.v pr~~:e is is ~.r ,e.;en ~~. ; o l d b e r g  ( 1  ‘it  ri ) d ep i c  ted the

role 3 f  the h u m a n  l e C i S i u n  maker as that 0f a scientist whO

is discovering or identifying n e w  cues woich will improve

iredictive aocuracy and determin in g n ew procedures to combine
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f ac  t o r s  in I n :r e an . i ’~g I ,  m or e  or t ir .1 wa ,a. I r o ~~e v e - r , t h e -  d t - —

c i s i o n  m a k e r  of t t - n .‘n.  o.~n tera :urr .- r’. u ;-roblexs . ...~!ov Ic and

rno ffrnan ( 1’~r ce ) an I ~~i r r . . r r ~ (1 ~7I ) jr li es ted that the general

p r o b l e m  is ru ~ I e r s t ar . -. I i n g  t t t -  r~ c ess l y w h i c h  the  dec 18 ion

m a k e r  c o m b in e s  i n f o r m a t i on  t u  m a k e  e v a l u a t i v e  d e c i s i o n s .

H o f f m a n ( i  or  0 ) in th e  c l i n i c al  j ig e .Tt-nt reae -a rLh restric ted

tr.e clinical eValuat ion . of ; a t i e - n t s  i n  t h .~ f u i l o w i r . , ’ m a nn e r s

( a )  t oe  in f o : ’~~a t  i o n  a v ai  l a n  le wa s  r e d u c e d  to a cu : .mon  se t  of

var :a~ jes , (b) the in fo rmation was ex ;reo. ed in a n u m L e r  of

ca t eg o r i ~~a i  r e s p o n s e s ,  an d  ( c )  each variable satisfied the

proper t ie .s  of a t  least the ord inal i n c  ile .

L)O’.er ~r: t le ms are also in existe n ce, in man y cases ,

t n - ’~ I n l iv i l - . A a l s  wh o  are to ; ar t i c  i ; t t e  in t he  d e cj ~~ior .  I r o —

cess  to  I~ t . - r mj n e  a mo le!  f r  a d e c i s i o n  s i t u a t i o n , r e f u s e

to take ; a r t  ~~n i c r  re - j u l ts in  sItuat ions that are not able

t o  he r h l e I . A l s o , t n . e~ -
~~ l e l u  t h a t  are formulated are

1U~~t~~ differ .- n I r c .ict, ~r .di v i 1..! i r , I i c a t i r .g v e r~- - I i 1 f . . r t i r , t

icc is ~or mak ~r .g r o . c e - s o . - ~~ . ~‘ i n a I l y  , tr , e e v a l u a ti o n  m o d e l

It ~~ t : ; -j ~ nect ~ f e e - i t h ey  u S e  Is  of en 4 u i t e ’  d i f f e r e n t  an d

P o r e  c o m p l e x t r . an ~ n , a t  t r t ~y ,tc t uall’ , uae ( . n u L e r , l~a hn e y ,  and

~ - r l , 19 h ) s L~~d ) .  For e x a r r ; le , e.i . a l l ~ a t t r a c t i v e  cho ices  or

a .1 t e r r a t iv e s  w i l l  1.-ad I a r a n d o m  co o l c e , and whe n the  a X —

erroitiv,- s are of s i m i l . n r  t o t a l  v a l u e  and  different in  qual-

t t i e s , t h e  l n I I v i d .ol ~ 1,11 c n o o n ~e w i t h  a p r o b a b i l i t y  of near

‘O percen (~~ l u v i c  a n i  d ~fzan , i~ - ‘ 7 ) .  Tay lo r and W ilate d

( l i~~ ) al so  s t a t e  tha t a t t em p t s  by deci s~~u n  m a k e r s  to de—

scri b e their policy are :-‘f .n  inaccurate sr i  overstated in
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complex I tj.

Aside f r om  t n ~ - i r I l v i l u a l  l e c I S j - r  r - n t k i u g  p rocess ,

groups are consider ed in ~r : t n . ,  l n i . j t . i r . c e a  of toe decision rzn a~-

in g process. :ioll mar .it ~~ t hendrick (
~ ..‘.

~~~~) in their s t u dy

offersi evtd ence that the -~~ -al i ty of decisions made by grou;- s

was p o s i t i v e l y  r e l a t e - I t o  t h e  amoun t a r - ~ qualit y f inter-

a c t i o n  among t h e -  g r o u p  memi.- r s . ~asIc al1y, t h e  i f o r e  inter-

ac t ion the ~~ t t e r t h e  q u a l i t y  of th e  f i n a l  d e c i a i o n ~s. A l —

t r ough consensus  wa s  a t t a in e d  h t h e  gr o u ;  • i t  was r eapofl-

s ib le  i nd i r e c tl y  for  t h e  i n . t e r a  t i o n i  d u e  t o  the differen ces

of op ini on.

Al  t h o u gh  ‘ r o u ; -  1. -c  i~ io ns .tp ;-ear to ne Letter than those

derived by m di v ~ iua1s , ; r ob 1c~~ e do e -x i s t .  ~ x a m p l e a  of the

problems in the I n t e r tC t t n .~ g r~~~~ -~ are a:; foil ow~ s

1. Ye~r L - c r o  of i n .  tera c t I: - ’ ~ ro ups often attempt

t o  i n f lu e n c e  otter s in jro;ortion to their

self-~~- - r ce  iv e d  r e ’ l a t i v e  c omp e t e n c e .

- 2. b . m i ruint p cr ’ ;o r . a l l t i e s  o f t en  lead  to d y fu n c —

t Ic - n en I s - I  -~ I i o n .  s

3, r . t e e r a c t i n ~’ gr u~~s require time arid effort to

m a i:. air , t temue hve s .

i.. ~~~~~ : escu r .es are re —s ired to c rea te  an i n t e r —

ao tir ( ~‘ r - u p  tt.ar , a r a i r a l  grcuj .

(:iuber and ~elbec ,., 197~~s1b~~)

Anot rr -r step ~r the process of decision making is the

ch oi - ’es w h l c r i  lr ,v .IV e certain a~ ount~ of risk. h~yers and

\Ielcher (lot 9 ) indicate jr. t h e i r  s tudy  of decis ion makin g

~4l
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t h a t  t he re  are fou r  f a c t o rs  t h a t  ur d e i r l  ie the c h o i c e s  of

various risk ;ei irs. FI r 5 t , t h e .- n u m ber  of a l t e r n a t i v e  ch o i c e s

must be considered woether tr~ere are few or many. Second ,

the  planning horizon is exam ined in relation to its len gth

( s h o r t  or l o n a r ) .  T h i r d . t h e  pa st  succes s  rate of comm it-

men t s  is r e v i o w e l . F i n a l l y ,  the  e x~ c c t e d  cos t—revenue  con-

sequences  ( h i g h  or l w )  a f f  e ’c t  the stra tegy of the deci s ion

maker(s).

in summary , toe spare of a b s o l u t e  j u d g e m e~r A t  ari d the spa n

of imm.- -ii i at e  rne rnor~
- impose  e r t a i n  r e st r i c t i o n s  or l i m i t a —

tior- s on tie a~~~u n t  of i r f ~-r ~~t t i o n  tha t an Individual or

gr u u ;  of in liv idua l s car e conr . ; re- bend and process, brurier ,

• a r l  A u s  t ire (1 - 
~~~
‘ - ) n o t e  s

“ n ,~re t n . -  na t - i r e  of a ta-ok imp-eu . . - r a
0 i 1 ’t’e l e ~~~r e- e 01 c - n  i n .  o r ,  ~ e n -  cy r~ r . i i n —
f e r e ? r .  • - . tn.~ • rat .-g .- .us l for co; i r e
w i  I n tt e t .t;:~. ii ten d I c -  N’ l i n e s  Con—
di - iv . -  t o  C e b l l lv , -  s t r a i n . .  r ,~ to t it
I s  t e r m s  f . r c  an a lo g y  - if someone has
I r ’ove  t t . e i .’ j  w , - 1~’~ . , t.~~r e is . .
l~ P- ..1jr, -~- ) 1 t . i ~ t t h e  rover ’  w i l l  rave r e- —
cour se to s t r a inre d u c  1n~ tech nI.~u~~s for
c a r r , j n j  o u t  h i s  t a ck .

A l s o , l n d l v i d u a l s  e - x ; # ’ r l e n o e -  a d e n b i n i t e  r o c o d i n ~~ p r o c e e d  w i t n .

I n f o r m a t i o n  l u r i n g  t o e  dec  1s~ i o n  m a k i r ~~ ; r~~cess.  se ~ e r e r a l

:Dreen ,t. \A s among re-cnn -archer s Is that tr ig pro ass is an order-

ly se t  of r e i a t i o r . s t ~i ;-zi ( V i l l e r , 1~~~~ s95-9~~) .  Therefore ,

t he c l e : i s Io n  m aki n g ;ro c - s e  can be ~ i . p l if i e d  to the follow-

ing statemen t i

~~ej w h o  I . - t r i c k  is I o dec l Ie w h i t
var lib les t~ loo k at ari d t r - .. n to know
r o w  to add” ( Dawe s arid Cor r igan , 197~~s
I .- o ).

~
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~~~~~~~~~~~~ ~~~~~ ~~~~~~~ t .O  Li run:,A 1 ~. i c - n e  t tu & .ie I is t i e

bas i c  f r a m ew or k fo r  c :~~ -~~’~~,iii z 1 r,~’ lec i u l i n e  -ma~~ir~ - .

t 3 r u r u A i k  ~i ~oc ) -*a.; t h e o 1, i n a t ~ - r of t r i o  m o d e l  of to .’

j u J~~ - n e n t  proce~~o ~ ea c? . • I ‘t~ ’ s . , h ) .  A number of other re-

s e a r c h e r s  have  used  t O . ’ : r - ~1, ;* 1 l e n . s  m o d e l  in t i n- ir  s t u d i e s

( e . g . ,  : e - t C t , , 1 - c ?1 ~on e n ~ , h.L ~.i. • ~ 
‘ i’~~ i Huruci,, :iarr..aond ,

an H o r n - h , 1~~’ ’.~ ~~~ b r  . i n i  ~~~~~~~~~~ I t  t 1 .. t enson , i .i’ t4 ) .

Tri n~ b — ~s1c I IL-a is t O - n t  t i e -  real ~ r i d  - l e c i :n i~~n s  have to be

r~ i de c o n .~~e n - n . 1 r ~~ t i e c r i t t - r i u r .  * i t h - u t  i~~rec t ~.r . o * 1 c d g e -  of

ti at criterion . li r e - r . , n x ~ .t1 • I .t : tu r s  tc ; .- s ) are’ de t e rm i ned

e j n I  u sn- -1 to r r e - n n S J r t .  ¶ ? ~~ - cr1 t e -r ior . ~o.— j u  I~’ , - ’j  ~-e r e  lye

we1~~h , an d  COtt~ IT . . tt ,e - se C~~.~ - ; in. a - - in ner wt1 jct. 15 referred

to as t n • -  d , o i s i u r  ~r c -s o . ~~1 J V C , ~~i s c n n  f f , and

l t c ? . e n o t - ’ i r ,  
~~~~~~~~~~~~ le e . l O st  t h i s  I r c c - u s  cam I.e des crited

, the ~oe 0f a u t r , .-ar re,’rnso j or e- ~~ation . (k’(efne r to

,nr 
~~~~~~~~~~~~ ~jj~j , ~~~~~~~~~~ c~~ j - -~~:~~~~’ , . ‘. 5 ,  for  f u r t h e r

I l s 0 u u c  ion . )

~t.o ni~~t --l r n - i  * (~~i~~ rn’ —~~
) Is dI vi ded Into the er .vi—

r - )r.Tent an. I 0n • u I~~e ‘ a a C t  i . n I, ju1 ,.’enren t or policy). The

t e rn r s of tt . mol e l c-i n t n .  described as followe a

X — v~ii ol i c -  cue

~ toe act u ,el v.n 1u~ *~~~i~-r.e d to the  c r i t e r i o n
1 , I’ ,’ -~ l e o .

t i i ’  pro - I Ic tic r a b ou t  toe ’ Jo I#~e ‘a a c t  on

— c r 1  te ’ r i o n  ~n wh ich e’ judge is interes ted

— t t . e  be,~~ t ~r -J ict ed v a i u e ~ of t i e  criterion
t ha t  car-i be a c i , i ev~~d f r o m  the  given cues

14 ?
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r 1 , • . .~~ 
r

r-~ 
— c- -Ic - w c - t w i . t s  f o r  t h e  judge (utilization

w e ~ ~~ r , t s  )

r 1, . .. ,  r a o p t i m a l  cu e -  wej~~hts for determinin g actualen cri terion

b 1, , . , ,  b - ; - n e - I i c t e d  o l e  w e i e .’h t c  f o r  the  j u d g e

b 1, ,,., b — o~~t t m a ~ c u.- we1~ri .te for p relic tion ~f Jo d~’e ’s
ac t lo ne

r — c o r r e - l a t i . ’. ( e - r . I r r , - n . , - n e t a b  p r e d I c t a b i l i t y )
U n e t  mc- , I e - o r e - s l o w  w M l l  t i e  mode l  t.of reali ty)
c o r r e s I , r o l s  to  real ity

rd 
• c o r n . ’ 13 t i o n  ( r eo l  or e - ; .r e  l ic  tabil 1 ty ) treat

m o .l su r e r . .  t o w  w e l l  th e ’  f l u d g e  can be p r e d i c t e d
I ’~ his model

The followir,~ multi p le re~~ression eq uations hold for this

model

~ — r  x + r  z f ... ~~r xo c~ 1 e. e n n

A
‘1 • b x -. 1 x + . . . $ b
• el e. .~ en n

Y — r  x ~~r x + . . .  ~~r xa~ ‘. nn .~ Ste fl

P.
a b x ~ I x , ~ . . .  ~ S

j  c l i  - er-i n

Tr.e taa k ol the r’run .i :w1~ 1cr - n ; m odel is e s s en t i a l ly  to pene-

t r a t e  trio realm of un~ crta 1 ;- .ty and ma ke ties beet intuitive

i r . f e r e n . c e  a t  o ut  t n.- env ir n m e-n t .

i~~n . U  ~~~~~~~ ~n r ~~ ~~~~~~~~~ ~~~L1tJU l O P .  I r i s  first use

~~ linear m u l e - i s  dat er: r a c k  to the time of ier jamin Franklin

( . 7 8 7 )  in w h l c n  he dev e lo 1e~d a system t h a t  he could use as

ar aid in lecIsl or. making . His m a t h e m a t I c a l  approach  was

r e f e r r e d  to as “mor al or i r u i e n t i a l  a lge b r a , ” in 192 3 ,

Vice -President ~allaco proposed the use of a linear model on

‘45
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the corn 3uIn ~o by rt- .-r e s s  ~n .~-z hi -j rat i r : g o  of corn qu a lit y .

Aga in , t h i r t y — s e v e n  :.‘ear s i n  t er , i i o f f m a n e  ( 1  o t O )  r oj ~ - o-- -i

that a linear model coul l represent expert judgements (Li.x.we~

and C or r i gan , 1° ’4I t~5, 100). ..ince that time , a n um ber of

au ti.oru have con cluded that linear m u . i c e l e  are good paramor—

phic repre sentati’.e.s or good at cap turi;..’ the ~u l  i c y  of

ju1~’es (iieach , 1’ .~t.7i Chri stal , i ’ .~t.~~1 Lu d~ cna and t~aylur ,

1 ~r -n Nayl ur , [Ju d y c r e 3 , a x e — I  . 0coenck • I ~t - ’ i Ioldberg , 1 ‘ih b ,

Huruch , and ~o t d  , t ’~ .iay I or and  .~ch e r i c ~ • 1 ,th 1

~herry and ~~~ b r , -~ t anal :~reom-r • I ~it~~), . IO V  IC  and

Licht enstein (~ i’i ) a n i  .j b o v i c , F l r ; -: t . h . f f , and L ic h t e nst e i n

(1 o ’ ) conta i n .  • x t s n i ~ iv o I it 11 ~~ ra lI. ic-s

Trier s exist opposi ng v iewb cun ce- rnin.g linear m o d e l s .

Yany r e s e a r c n e !r c  have cond~~cted S t U l l e g  w i t h  the use of l in-

ear a n d  r~~ n i — l  ir ~~ar  r-r ede is . : o f f m a r n  ( 1  ~~
‘ ) )  d e t e r m i n e d  t r e a t

the  n o r - i  : rnear  ~~~~~~~ rr.. t l t l e ~ ~ w a o  a p ~~r . x i r * a t e ly  f i v e  pe r-

c e n t  h i g r e r  tr ai n U n ’  m o l t i ;  ..- ~ of the l i ne a r model. How-

eve r , cons i -ic -r l n, .- th e fn: t rn .n of c h a n c e , Ucla increa se  w i t h

t h e -  -~~;e f r o n — l i n e a r  m- - d e e l 5  wa~ I n s i g n i f i c a n t . ~r eh me r ,

~~v1ernstic-rna , ar.I i..ilj nrre -re r. ~~~~~~ rreae r,ted results which

irlII:a t e ’ i tha the learn ing a~~soci.i t.’d with a linear function

is much faster than non -linear f u n c t ~ ons. A ls o , th ese au-

tho r : r . o t” d  t h a t  the ru n-s e x t r a c t ed  from the subjects ’

~u :I ,~p m n n r ; w - -re rruc h hj c . c c -r  f o r  t he l i n e a r  hypo theses than

t h e  n o n — l i n e a r  I - , ~ treon~: . U o l l t e - rg  ( b - i  ) de s igned  an ex-

p e r i m e n t  to i n v est i g a t e  f i v e  m o d e l s - L i n e a r , Con junc t i ve ,

Di sjunc t ive , L.ogarithanic, and E x p o n e n t i a l .  His  results

- -



i n d ic a t e d  t h a t  the  linear model 1ruv ided a better re i resen—

tation of the subjects ’ jud gemt -nits t?,an any of the other

mode is.

The q u e s t i o n  o f t e n  a r l u e - s , “~~t j do linear nr-odels w o r k ? ”

~)awe~ and Corri~ an ~1 4 7 4)  t h r o u g h  t h e i r  in v e s t i g a t i o ns  have

d e t e r m i n e d  that lInear models work because of the following

reason s a

1. Fredic tor var1ab Ies have conditionally monotone

r ela t1onso ~~ps to t r e criteria. In other words ,

t i e variables cain L~ s c a l ed  i n ,  such a way t h a t

higher value --u one each p redict higher value s on

t h e  c r 1  t e n on : , in .~ep e n i . ’r t 1y  of the value s of

t i . e r ert  n j r ~~~ro v a r i a b l es .

2. 7 e r e - I:; .-rr- - r  i n ne - l n- j n - n  1cnt var t a b l e .

~~. T h - - r e -  l u  e r r -n in the  i r ~d c ; — e r ~d e n t  v a r i a b l e s .

4 . : , ‘viati .: n -
~ fr ~~i. o j t i m a i  weighting e do not make

m u c h  d i f l n - n e - r . c e .

TI.rough t t . e  successful ;reUctia’e Juwe r of the linear model ,

a ne w t e r m , ~~~~~ . tutrappin g, ” ap peared in the literature .

This term re~ferre.i to  t h e  phenomenon t h a t  the l inear  model

of the jud ge  often does a better job than the judge him self,

kr.other area of conflict Inc policy capturing is wheth er

to derive the m~~1e- l throug 1 , the use of lir :nar models with

U- -’ m u l t i ple regressi on t. -c r ,n.t 1ue or e~~us1 weights . Dawes

and Corri .0an (i~~~~), Ca ttin (i’J .’l.t ), ~.eren and Newman (1978),

and Doran and ~rasc~.w ( i . ’ h )  were a l l  re searchers  explor ing

the use of multi ple regression and equa l we ights, Karen and
47
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Ne wman ( i~Y’~3) surta-arized t he ’  pre~a e n ~t re st- a rch  in the f o l l o w -

ing mannere

1. E~ ual ~e :g h t j  j - n i o c e - - 2 : ~re~ c a n  o n l y  be ~ustIfied

after a~~~li c ation and occasionally equal

wei~’r.ts wil l ~e ul ight~ y better or equa l to

mul t i p le rn-wre ssi on. :~owexver , the  equa~ we- ight

t’-c hr 1-~~e- l u t -  r . :t h av e  a n y  e x p lanatory power

beyond ~re- i~ic~~ion .

2. Ti.~- ler’t .i i ota~~in ;t l ca l Tr cpe- r ti e s of least

squa res e s t l r r - t t e  a re  n o - I t h e i r  nciCe~~Ser J nor

n , u f f l c i e r , t  c o n - i l  tior . f u r  g od ” eutImdtoru .

There is r,ot a s~ ec1fi c criteri on to use for

what is a g ~od e-n ,tim ator , TrWi decision will

t e  l ( . p e ~ n~~~e’~ . t  u~~~:. tine ~arti ula r situatio n .

3,  .J~~i t  L . - C a U : n a  - e 1 t i ~~le r e g r n - n~s i i r  ( w i t h  sum of

n - s t  ~n~a t  i o n ) l~~u ’j  rot al *ayn ~ provide

toe I ‘-a l 6o ln c t~ on , i t i no t su f f i c i e n t  reason

to a Iv o - ate t re- t~~~n - of e ; c i l wej~~hts.

4 . TI-s : ai r .  a - l v a z . t a g e  of •- 1u a l  w e i g h t s  is Its

s~~r p l t c t t y .  ~1cwev er , the  p r i c e  tha t  mu st  be

paid for this property must be car . ful ly  eval-

ua te ~,

Ao a res u l t , mu ~~t i p 1 e ’  re ,~res~~i . -n  i s  s t i ll  the primary s ta-

t i s t I c - a l  r e - u . - .-u-ct m e t r o - i  u - , ’ - j .

~ocia1 J it ~~”” r.~~ r r . c -r n J .  e r u n s w l k  (~~h 3 e~) I nd i c a t e d  w i t h

the lens r~nodel that individuals rarely have direct access to

the dista l state t h a t  th ey mus t  judge . Instead , the

48
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e n v i r o n m en t  p r ov i d e s  t h e  cues  U J ¼ I  ~ r . i c l .  th e  ~ud g tj  m u s t  hase

h is I n f e r e n c es .  .~o c i a 1  l u - l n . - m e ’ i t t r . . - o r i s t n ;  h ave  u t r e : s t - d

the  r e e d  to c o n s I d e r  the  f e , t  t u r e j  of the enev i ronme r i t ou t s i de

of the l a b o r at o r y . ~‘~ e o t -j e c t i v e a  of t o c l a l  Jud ~j e m e n t

Theory(l~JT) are a c  f o l l o w se

I • -~JT is Ire t e r n  ~c -d  to t-e ii e re l e v a n t.

2. ~2T is inter .de-l to e de scrij tive as opposed

t o  1 a w — r n - c - k l r ~~’ .

3. ~oc ~al ~~~~i1~~~~~~~ t t t r e u r  i st ~ a r c -  in n t e r e s s t e d  in.

crea t ir ~~, a~ Js f or h u r o n ,  j u d i’c - r n . ’ r t  particular ly

f r  ~~~ ~c f~-r rn: ~ atl rq~ S o C  xal ; 1 icy.

c .ron , n . j  , ~ te -w ar t , l- r .- ~~~~ • aid i.~ t e j n e m a a :  -

1 9 5s. ‘ n )

2 ’ i a l  ju lan- r t - r.t ti . e riot s refer to Z - f l e i  of ar t b i gu l t y

wr icI, ca n - c Is SCT ~~ t n - ~I t~~ five ~ lraae t rt3 s (a) t’-’ - ecologi-

ca l  v a l i d  i t ’~ of each cu t- , 1 ) t I n e  I r~ of t h e  fw.ctionn t , - —

tweer e i - h  cue a n d  t I n- - l i st a l va rian e , ( c )  t n - s  or~ an i z i r g

rrl r - : i; le of tie ta n k , ~i) t i e  pr o~~a t i l i o ~ in,ierer .t in tne

task, an-si ( n - ) t h e  e~ tent t .  w r i c h  t h e  cues are lrc terc L rre—

late-I ( a ~~~~ n I , R o h r t - a a h , V . n p wer , ar I A d e ’ l n - a,n ,

“aria t i c n - j  In ‘ r e - n ; . - p ararr e t e r s  of t h e  zun e of ambiguity make

generalizati r -  at jt the real w~-r l d difficult. Therefore ,

soci a l ~ud,- .-m - -n t f ’ i - - -- r1:~~u attempt to I n c o r p o rat e  the var i-

a t ion s so t~,a t  g e r t - r a l i z a t i o r .  can le  made.

I”r p i r i a l  r e - ge j i arit ies ‘r at were observed in the labor—

ator - are also observed in the real wor ld .  ~JT research has

i n d i c a t e d  the  f o l l ow i ng  c o n clu a i o ns s

49



1. }‘eople do not de-s cr i i. accura tn~l ., an d corn—

pie  t e l y  t h e i r  ~udge -r~-re ta J p o l i cI e s .

2 . }‘t ’c~ i n ’  are Inconuistent in  a j  p l y i n g  j u d g e m e n e t a l

olic les ,

3,  L~r. 1’,- a s~r a l  I n nr.hnr r of C u n ~ are uti l i ze d .

4. 7 n .  l er s  t k :J  i:,~ a:.other • s ~- o l  I cy  is v e r y  d x !  1—

c u l t  w t . ~n ot o e r v in ~’, f i r ;  ‘leer  ~ u d , ’o , T e - . , t u  or 113

t C f l i~~ c t o  his - - ‘r~~r &-x ; Io;.a tior . concerning them.

5. Ccn n: i tl ve aid s can relu ce conflict and increaue

l ea rn  1:.

6 . Linear , add~ tlve r~ ;tr~iza t I n. ~i 1  j - r i n c i i - le s  are

of ten. adequate to de tc r I be ’ jud~ ement proceu~ eu .

( : na ’i.~n r 1 . ~~~~ ~~~~. , I ‘1’’ a 3 4 — 3 0 5 )

In . n u - ’ r e r  , t I e -  rn- searcher r.an ,n re~~n- r . t t ’ i ii t h i s  C h a j  t e r

a n , c . n ~~~ r ~~~~ e -r ; in  — a l  s t u ~~I es I r . v o l v i r . c ’ ~ . - e ; : u r I n g  c o n s er . r nu s

an I goal co’-, - r -n. - nn c . - . U n ,-  of t i e  ~~~ t ~u c c e g s f u l  me t f ud~~ of

r-easur ir .g  C~~r.,;er.suS *—i: ; U ‘‘ ~ e r t e - c h r n ~ c ’u e  . -~pectfically

tr j~~ study ~~ u c o r , c n - r r ,- c:  ~~ jec t—~..’ t~-~ tion and t ie

1 l t e - r e t ~~n - e i r , - 1j c a~~ed a ~~~~~~~ of ~~- I e ’ 1u u e I  in th is t y p e  of

env~~r r~~,.-nt . ~‘ e r,-ae .arcT .,-r ’s ex pe n1 ~ .’ n:t d e a lo w i t h  a r~ewer

~e i n  I que - -r  ~. - t e n  
~

- 

~n .i r ,’ coni s .-r , ;us c a l  led pul icy capturin~ .

n , ’-~~t c r a ’c t . -r  t; ’ ~~ t~o’ —e thod~ by w h i c h  th is techni que

was e rrpioy. - I d e t - : i - i r e  i f  conscio us existed in a large

V u - Western Air Force RIID Laturatory .
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111. ~~~j c - a r ch  I’~~ t t  ~ _______

Uent i ficntt or c f  ‘ h e -  ~~ ~~~~t r - ~

The id eint i ficati )r of  tILC pred ictive lactors (cuae) was

the majority of t~~c- effort in it-vt -loping tn .e instrument . ,,?~~ X

fac tjrs were de termir.ed that were most common ly used by tiee

mar ;a ~’enter . t p e r s o r n r , c i  ~fl tht- F~. r o~~e c t — r e - l n ’ c t i o n  d e c i s i o n

n~a k j n~ erc ’~ x r o o r e - n t .  : - o c t - r s  Yj c h a e i j  J . C ta h l and Adra in ~~~.

I n a r r e  11 con ; luc  t ed  in t e r v  i e wj  n i  to  t r o  nar :I,~e~ t r n c t personnel

of tIne labors t~~ry  (Coc,rrand - ~‘: t i o n  t r . r o  ~r i .  o r a r c r  C h i e f s )

and t - - - ~ a cunser .sc-r of i. ii? fec t o r n  un,ed by these lr.div iduals

In the 1 . e C j ~~1oii r r - c e - s s .  l Ine  r e s - i lt l r e g  s ix  factor s were as

follows a

I ) ~~~~~~ t -  .- r - ’  
~~~ ~~~~~~~~ A co— .~ cnr x s n c - f  cost required to

comp lete U - no pr~-jec t w i tic toe adv ir.ta~ es to be re—

ce x v - ’  I b e c  a n o n -  -f its ~uccesr ful comp letion is . . -
2 )  ~~- r ~~~~~;~~~~~ e ’r j t. T~~es ex tent to wi tch this project

a r - -w or be t ter t e c n i n i c a l  c a p a b i l i t y  to the

A i r  ~
‘-j r - - -- Is

3) ~- c ~~
-
~~~~~r- e A v - i ir ~~~ i ,y. 

_
i , e a v a i l a b i l i t y  of the per—

sunr .e 1. equ i t e n t , f a c i l i t i e s , and other resources

n .e-dc -I t o  co~~~— l v -  t e ’  t I is proje~ 
- t is . . .

.)  l -~ -~~~c J ~ L’~~. i  ~.tL ~~~~~~~ I h e  likelihood that this

• 
~~~~~~~~~ .. .-c i f v ’  iriforrrat1ora ab ut tie relationships of
thj~ attrib ute w i n  ~ r o v i d ’ - d  Ye -re , lhe ’ f ac tors were d1
ch o to mo u ~ ( e i t h e r  acce;  t a r l e  or excellent). Refer  to the
Decision ‘- ‘ e k i n g  E x e r c i s e  I:.  Appe ndix A.
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projec t will acrn jt ave t ec t ni ual succetju , dven Ito

plar .ned tim e an I r’ e o o u r c e ~ c o r o t r a i r e t s , Is . , .
5) ~‘ j r r . -- J n - r ’ i o I .  Thu amoun t of time that is needed to

complet e this 1r~~.~e -o t Is . . .
6 )  Ai.~ 

- - r  e- ~~~~~~~~~~~~~ I r e - n  I~~~~ e - e ~ to which It has been

es ta hlisrn , d that an a ct oal A i r Fur~ e net- i for tech-

ni cal capai.ilitv ~r vidn- -l n y this ~ro ect is . , ,

:15 1 as Ic cons truct ion of the in s t r u ~r e n e t was concluded with

the dt- t n- r rrinoi t~~orn of ~~~~~ six fac tors.

‘ Le ’ ., ~~~~ - - ~~ t ’ ” ________

Ton- Ins tromen t w a n ,  i n , t e n t  1, - n e c t I  ly de i nn nu d to e vurv

simple . ~I ere~ we .ro l A O  S e c t  ~ onj  ir 1 .de.I i n c  the Ins t ru:r,nint .

- rn ,~ fir st con;is tt- of I .-~t n~r i ; o i c  4 u . - c ~t i o r ej  e o t a b l i s t , i r ,-

t he ind i vidu a l ’ s r a r . a~~e ’ m e ’ r . t  ~.-v ~- 1  ;n d  ~ t r t i c ~~1ar iivjslon .

Th e  nie cor-1 ui-ct Ic- n , then ,, cL -r .ta inc I ~ deo  i s i o r .a r e f e r r i n g to

biD ~ro~ c-:t— o’~~n-c tion , n additio n , the second ~eCtio re was

u - e l  to dete-rr- .ir .e an i n d i v I d u a l ’ s p- - c l  I cy  t h r o u g h o u t  the de-

c i s i o n  ~ n k I r - c ’ n - x n - r c~~~~’ .

~~n- j ej 1 ~~1 ‘ i i -  r L~ ~

i o n -  d e c i ~, 1 n  ~eK ir~ ’ e x - r c i n e  c o n s i s t e d  of a i— f a c t o r i a l ,

or t h o~’,or -a l  l y -  It -: ;  i~’ r e 1 , ra n -cd niy a n r a r - ~ ed oc que nce of R i J

p r oj e c t -s e l t - - t i  rn i n • c i u i o n n .  Th~ sanr.e design was used for

the i .2 and ( . 3 r - s rnt nT~~. r n : ! ,  p r o ec~~-s e 1 ec t i o n  d e - c i u l o n

• ~~~~~~~~ .I~~~ci t n c  nr-form a ’ i - c r . :e;c u t t Ie r e l a t i o n s h i ps of
t~~iu attr l Iut e w o  ~r o v j - l e r 1 h e r o .  T i e  factors were di—
C O O t  j m un ;  (n - it r er acce~ - t;i~ Ic or e x c e l l en t ) .  R e f e r  to the
Dec i s ion  Y a k i n g  ~ x n - r c i s e  iii A p p e n d i x  A.
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contained information about whether each predictor variable

( t  cues m e n t i o n e d  above ) was rated a:ceptabi e or exce ller-t

where acceptable n r n - a r~~ b a r e l y  aee te  n I n i m a i l y  a ccep tab l e

v a l u e  or r e q u l r e r r en t . a nd e x c e l l e n t mean s  c o n a id er a b ly

better than mInim ally acceptable value or requirement .”

I l n c e  there wn ~re s i x  p r e d i c t o rs  ( }~~~:.e project criteria) and

two st ates  for e a c h  c r i t e r i a  (accept ab le or excellent), there

wore • f--. possible combination s to consider . However , to

rrinlrize the len,’tP , of tL~ deci sion maki ng exercise ( 1 1 ,’ a

s-factorial design wa s u:ui -l w h i c h  r e ,u l t t - d in 32 differcn -t

rojecta . The c o m b i n a t i o n  of t he  ~~ p r e d i c t o r  var i ab l . ’ vec-

tors for the projects was d e t e rm i n e d  by a FORTRAN program do—

sigr.ed by Dr. Charles ~~~. ~‘c~~1 c h ol s .  Toe p rogram was des igned

so that the cor rt -l n ,at lons ~or.n-ra tei woul d be relevan t for ox—

am irning in t e r ~n . t i o n ; - e  an-onig t h e  factors up to and including

five-way ir teractior ,~~. A~~~eriix F lists the sequence of the

37 cue—V alu -i C~ ntn i n n -  t i J n . : r .

Toe R i D  pro~ ” c t - s e l ec t i o n  d e c i u l o r c  c o n s i s t e d  of t i n -  in—

- l i v I - l u a l  r eco r u n  I 1 r .~ app r o v a l  ~r dinappr oval of funding for

t I e  p r o j e c t .  : F ~Ch of t i ,e  ~ ‘ simulated projects were uni que

In  t h a t  a mat nem at ically ort ! gor,al v e c t o r  was repre sentative

of a particular project . Therefore , ther e wa~ no correla-

t ion a~n.ung tt.e jredi ct~ rs in the regression . Consequently ,

the un i que ness of B U C U  an i n s t r um en t  a l lowed  for  th• assur-

a nce of a s imp l e  de t e r m i n a t i o n  f the Importance an i n d i v i d -

ual pieced on the 6 R& D p r o j e c t  c r i t e r i a .  This  simple de ter-

ainat ion was based on th • sub ject ’ s recommendat ion for the
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pro jec t . The final (li~c ILJ1 Ofl of t t c # ,  ~xerc ii~e req u ire d t c5 , t~

m e d  iv I lu a l  to d is tn t o t~- 100 p> i n tn~ be twn-en the ~~ cue o • in ,

o the r  word s , each  in1 I v i d ~ al  provi- ic i i ,i s  su b j e c t i v e  w e I g h t s

for  t h e  c u n - r~,

After the 1 °struncent was cies~~o .ed , a f in a l  S tep had to

b e c~~rt~ le teci . Ti la st ep was to veJida te  the iriforn~a t ion  °~-~~~

tam ed with the u se of the In st r u a . e n t.

V a l  ~D- ,~ n

Nu r cr , a ll ;  ( 19? :3 ) leSCr iho d ti r en ’ ty j es of vai ldity s

I )  p r e d i c t i v~ valI d i t y ,  2) c ore t n-:n t v a lIJ it~’ , and 3)  construct

v a l i d i t y .  I r n - d i c t i v c -  V a L i d i t y  16 of inr j-Lcrta nce ~ien an in. —

strorrn re t is us - i  ‘. ) ( l u  I,-r:r~ o~- s- : nce f u r n  of b e h a v i or  t h a t  is

e x t e r n i to  t i e  Il- u tr ~-e:.t I t :-e I f .  ;Or t e r . t  va l  i d i t y  doJ-n Cnd s

~r i r a r 1 l y  Ofl ties a-Ic- ~u a L y  wi th wI ico a s iy e c i f i e d  d o m a i n  of

c o n : t o n c t  is ny-n - p l c-i ” (~~un:.’ il ~~
, I ~~~ ‘.1 ) . F I n a l l y ,  coni i t r u c  t

v a l i l i t y  r e f e r s  to  ~‘a c r - C T - n t  ~~~~ le -~- . i n ~a3Ic research in

t Ie tehaviora l ic i n - r -  es . ~
jr:e varja~~~ps are used to explain.

ot ~ -~-r  v en al 105 , r e se~- n r :~- ce r s  r u s t  t e  Bur n- t r at each v a r i a t  1w

mn -aute rn s w h a t  t t  w as  p u r r o r t e d  to m e asu r e  ( N u n n a l l y ,  I c ~ ’8s

~ y _ ’~c. ) -

~- n - l  t at I :~ ~~~~~~ ot n- r ku-i term used in : o r j u r c t i  ( 1  wito

Va l  i - t a t  Len : o f  a n .  j r~~ - b o n n - - I ,  t. oe ease  w i t h  w h i c h  the  m e a —

eu r eme~~t n - r n  or ~a:e~ a ~m nn~ t J 1 c  t h e  a m o u n t ~f v a l i d i t y  e x—

h i L I t . - -1 , ri sulti i n rel i a b i l i t y  L e 1r~~ a necessary but not

su i c i n - r t  c c r . i i t t o r .  In a-Mi tion , internal consistency Is

a measur• of im; or t ar ~ a .  It  Is the e st i m a te of the



reliability base d on the average correlatio n among th e  i t em s

in the  t eat  ( O u n n . t l l y ,  ~~~~‘ r *212).

Val Lii t~,- is I c t  an “a l l  or r n . n- c ur ~c eJ  t j r a th e r  i t  is

u su a l l y  an on e - -n i  r . ,  p r o c  - The- re sult is ~n ins trurrer .t

w h i c h  is c o rn J d o r e I v a l i d  o r c i ;  to a - ‘a t t t - r of degre.. The

f o l lowing  q u o t -  err . J  ~~i . ; i ? e ~~ t ie cL~~p 1 e x  jrocess of validation s

~: n o  wa; I r VC-  t e -  . d l  i d —
i t y  of ar~ In a r u ~.,.-n t u r n - i y  i - y  apj  ‘-si
t a - i t  7 - r i  - de~i .Act inn fr-~i t
c i o I o ~~ic a ~ ~Oc - , r any type  of

~~~~. r r~ f~ (~- unn a l l ,- . ~

In rtan ,- cases  t . e -  val ~~~ t c o n .  ~r -ceos is s ~ :r~~~I i f  led b y  n u rt . t -r—

ous asn u~ pt i o n s .

I h e  t: ;ic aJ::~~::.j L on  . nn-- iJ .- by ~ r - - V I o u u  1:.ve-Ltlg atur: , ~s

t h ~e t -1.o Ir  lo f o r i n e  u - —  po l  i C ~~ C a p t u r i n s - t e c h n i c ~ u e s  are

similar t c -  t l e C ) n C  f r 4 t e - ~ under n a  t u r a l  uei~~e~-.t-ntal cord I—

t i o n s .  . rr ~~~r 
~~~~~~~~~~~~ 

) ~~~:r t t - ~- f~~r n - t t att n - to validate

toe ex~- e-r lr .-r .~ a ~~~n .  I ~~~. n - . ;  ~ -d e l ao a r u  p Ia  e m ent  f o r  t h e

r e a l  1 i f s  rrc  d c - I .  ~-r c n . ’ 8 re~~e-arch was in :;tt~~ate d tv

: : - ~) U n n a r ( s w - r ~~s ( 1 , f ~~~j ) .  r oe  m~c~~~ js d e v e l o p e d t y  : : L - f f w a : .

w er e In que -~ t i o n  b~-c~ ~~~ the ~uJ e - n n e n t a 1  task was d iffe ren t

in seve ral  w~~y~; f r o g  t ’ .c j u d g e o - r e - n~ t * 1 0  w i l -  7. radiologi sts

c n m a l l y  u s e .  i~y ~~~~~~~~~ ~n n- rea life ~ A 1gernent in t o  a

con trlv .- I 0 ’  a~ I n ; u ~ Ic ten t al~ eri r~ of t t- ~ - c u n -di t ions , t h e

r H s u 1t 1 r .~ d .- c ~s~~on n; ar e- 1i~ - . ~
j  t c -  b e  ur re~ resentative of the

d e c i B I  n ma~~ir . ,~ r r  • -ss  of t o e  c n l , i n i a l  ~u d g em e n t .  t h e re for e ,

~~~~~~~~ 
‘
~~~ r e - - sea r  :1 ~~~ N t h e -  I - s Ar ,~ e- ~n - o  Cu~~c i de  }-~~e v e n ti on

~~nter reflect ed a v~-r ; OiTTt ~ Iar a t m . ~ t e r e .~ - tween the simu-

l a t e d  s it u at  i n -  n~r - 1  t h e  rea l  w r id  e nv i ror ,m e n t .  Th o r e s u l t s
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of the experi asret ind icated ti-at tht ~ ssuum~~tionu ma l e -  t y re—

un—archers in pant irivesti~’cet ion s with r n - s l - a - -t to jud~~’-men-tal

model Ir ~~ are co m e c t .  ‘? re 6 J c n - c  1 fica 1 ly , the mode Is deve 1—

ope d from t i e c - r-e tr iv e I sett in e~ r; a~~x e e d  - i o se ly  w i t h  the

~ode1s develo jed fro6 ratur~i1 ~e t t i r . ~’j .

On t ie ot t er n i o l , tw o re~;e-- ar-:h eff rts , ~r .bteser ari d

K on ee n 1 (1975) an I I r e -  I j s ai~J Sha ri eau (1 ~~, ‘b ) , have concluded

t h a t  the r r o d e l n :  d n - . t - l o~~c d  from n a t u r a l  c e t t  i r ~~ u a r e  d i f f e r e n t

f r o m  t h o s e  coo t r - ~V e - - 1  from ‘-X er~ m efltt1 cor d~ ticn .o . The first

st:.dv Lc ~~ ~~~ . e r  an - I ~ o m t - ~ - n ; 1  (1 - .’5) L r v O l V t - -I a co n 3t r o~~t i on

of a I - a l l  n c u t t i r . . - ~~ n - I  !or  j u i n ’eS  i .  e l  or c e r t a in  f a c t o rt i .

The r ’-~ ;u 1 t ~~ of toe e x ; e r i ~~e r t  i r e  ~jc a - l  t a t  I t e m -  w a o  a di f—

feren. - n -  b e t w e e t .  t I e  com -tro l ie~1 1aborat3r~ re- .ju-arch and the

n a t u r a l  e n vj r :.n ~ - n . t . nlowev er , o1 -c ke , ~~-int was over~ o u ke d

in this stu dy. Tt at i s ,  t -’-ce factors :.sel in the simulate -i

ox ;  e - - r i~~~n t  were  n o t  • I.e e: . n r ’ -  a ;  th o s e  i n  t natural. env~~ror~—

ren t . ~ur e~~o r n - ;  1 - - , he sn -- e m i t , - o~ t h e  c r i me  was e l im ir i at e d

fro nt t I e  contrived coni d it~ onn l ut waj not e d as one of the

f tve key fa~ b r a  I n t i . n ~ n a t - - r a n~ t I

In t h ø s e - c o o - i  ~ t -~- I, by li c e l~~o and Char teau (1’~ ’S ). a

:~ int l 1r~ er r o r  w a i  ~ ide . T re e -  ~ ~r; u~ of t i c -  ir research ~~~

to i c -ri v e - a - I-- f r- j -~- i n ~ ~~~ I l v e u t 3 c K  (s~~-ciui ca 1ly

~‘1I t s). Tn ’- re .cu~ of t - - 
~x ;- -r i ’~-nt - n~ am indicated a

d ff- m e~n e. e t w - - c — r t o . -  r a t  e t  cl sf1 co- t r i v e t  r~n odels. Fhe

n- n- n o r  was tna t t r  --  c~~r d i t ~ n ,~ of ¶ : e noitural environmari t and

g l T u l a te i e-;.v ~ ron .- - -n . t w ere n o t  v t - r , L , 1 l n A ar. Them— fore ,

0th u~ to f r eo  .~ - t-~ at ta  1 n . e  I t y  t i e  .;e research efforts were
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invalid becaus’- of t O n s  ( i 7 . i  - tic - 11 ~- teoce - L3 l u te I te tr. r~,r ‘ t~~

two env j r o n rr e - n  I n ; .

Tr e e-tore , as  C t e t . - d aL  y e  - e x t - -n eni l - e  e t f L r t  ~~~~

e - r t n - . ;1 I t  -I- ’te- m :I. i r , r r  t i .- :a rt - r t - 
~~

- -• m m .  t i n s  I e c m e ~~or .

m—a k m r ~~- ex. -rc - 1 tu - -d ui  e c -  n . . - - i s u ~ ~ :te -  tOe mana~- e- —

me -- nt ~~ruunr..- I c f t o e  1 ~ m a  • or, cc: -- . c -rn - n nmn the 13 1~ c U ~~t - - i t

wa~ ~~~~~~~~~ 1 . i t  t i e -  5 1 n j l  I t t - I s - :, t - r ~~~~ e - C t — S t - ~~~~ C I i j i -  ex .-rc~ ue

w an i s~~niLir to t o - - act ~a 1 ~~~ r - ~ - -c t—~ t-l ec t i -~n etc. i m o n n t o : , t .

J-~ e tj  I r e  ~t 5 i ~~t . 01 Ito- ~- o l I c y  c a m  t in~~ in.utru.-~e-- r t , the-
-) 2re~~ia bilit :i or- 1~ for eaLl ir. - ni - .’ii ~~a~~, a-j  we~~ as group F~ 8 .

w a r  a l s o  c~~i c~~~a t ’-  t .

In n i - i r n r a r y  , t w o  r. e- , -j i n t  i con~~c- rr tn. 1~ va~ ti at lu n ar c- a u

f o l l o w s  i

- ,‘ i .I I l non . i~~~~a~~~ nce -~u res e rr.; ~r 1 ca l  i : . v e - u t i ~’,at i on .

k r n : r s t n  u~~e-T; t .9 ne-I .~a1l ~a teJ , onl~ the use to

w I . I C O  ~t is ~~~~

_________ ~~c t ~~~~~I~~ ~~~t a

‘..u t~ I t .  I - ‘ - n - n c - -  e- - t .— . - . - n ;  . .~ a n d  - . rro~ r.4rr s , 501 —

- - ~t -~ ;~ 4 t m o n :; -
~~ 

. 1 - -  ia  ~ru ony r e ce i v e - I t h e  deci sion

- ,,- e x-- r c ton - , 0 ~ . - ;ør  , -— r e was 50:1cc over a; wi ti ~n tre e

up~ --r ecn ,c~ Ion. of m nnar i~~’- : . - n  t . I n e -  1 2  pr  1 rart marm a~ eTer .t ;-er—

ii n : .-1 c - on . - ; t . - I o~ ¶ 7 . . -  _ - I ~~~-- tm. on , .~taff , I iv isior ,

C h i e -~fu , :r-a: - r ;~~i - -~~e . . n  1 : n  
~~

-
~~; 

li -q-1er~ . ( i n ;  t r e  ot he r l and ,

•~~ ~ r , ~~— ;en a a- •r- l ;.‘m n L n n  -- 1 inc luded In. Lv i Iuals in

11. - c  ~ o ir 1 a ’ n I  ~ ec io ;. . . ta !L  Jivisio n , D~ L-’s. an.i A~ L-~.

There A C -re 1~~ O an .i - . . }~~: jro~ ’- t—ae1e ction decision ~akin~
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e x e r c i s e  I-i r . I ~ ’e - m ; .1t ~~ - n i l U e  I t’ t~ ‘ i . e ~~i n . . t . - - t r . c~~~t ;- .-r—

sor-n el re--ape cti vel. ’ i n  t i .~~ - - . in I t - j  I i n a : ~s. i n I :  - -

~sC k a t- a r e t u r - r ~ . , n ’ . u l O l e -  .~ ,t5  e t c  lo :~’- I I -r t e e-. i r~ l 1v i  1~~a 1 ‘ a

c cn .-~~n .je n ,ct-- . ~ r I ’  r t  ~~n -- l e - - x e - r c l u e -  t o  6 c ) n e J i d ’ - r e d

e t r e ft t  is , ea~ r, k 
-~ : o j t~c - — c e - A n - C t  - i n d e C  Slur , had to b~ CoiL —

~-le I-- I . Tt e ret ~rr, n.e  I . -  A .t. I -r  ‘- . , -  e • C ;-ro~ eL t managers

ani t- -~~~ for the . I l r o ’ec ’ m et: H~~t - n ~~ .

I~~r 
~ i ~~~~ 

-

U j ~n t- - I r n .  of  o~- I-- i - c t  - t  r’ . t~~- S r . , - exer -C 15e13 , t h e  d a t a

w c ’ r - c  t h e n ;  c-  l~- 1 - n - to a uta- - I I~~ -’ . .ar I b r  i - a c t .  ~r , I i v I  lual.

The for m at ~‘t- -l is ut. -~ n .~~~~n . A;  ; . n n L x  ~~. n mid  m i t i o n , a se - J —

ar-at .’ 1~~u t ~~n 1~ 
-~~.u; — a t r . t , e~~r . e - i  for to . ;~~~ i n I i ’ ~- 1  m u a~ e r e-~~ . - s t m n . ~ ,

feeltack. An ; e x .im. ; e of t h e -  I- - I tsr u .; e - I  t o  d ig:. tn . ci c~ ie- m~

I t i e  c o m ç  I ’ d  1; ,for ~~j t t  n . ; r n . - . -  t a r e  I n c l u d e d  In A ; j .e r i ix

~~~~~~~~~~~~~~~~~~~~~ f ‘ - . c .  t~~ - -~~~ - . j

:-~-~~~ ; r-~ - n . .- :: . t n - -  a u  ~~• n  •‘ er .oL~n te- r - -  I d o ’ I o r  i: ntal

form at r .- I in c Lr~~ I t  n~ c . Ftrs t , I t t- r c- t~r e - s a i o n ,  aH-o—

n i n. — ava~~l . I I ~~ - 1) 1 : - -  r . t - -  i n o ~i c e - r  r - -~ u L t -  I t h a t t t , e -  r c - e - - r e e  —

o t o n v a r - t a t  ~c -~m - r c -  e~ u n , - - 1 ,. l~~ r . e ’ . T - . t ~~ nt - ,re - 5u310 :. -~~-- e - ~- —

n i t ~~m -ga s I c -  I~~~ ’ t  I~~~~e~ ~~~~~~~ Lr 
.

1 e- ’ b .t .- . I - -- n.~~m n rj , ~~t e ’ i i L r e n - r . . - n  - an ,I - e - t t (1 ~ ‘c ) .

i e ~~C r .  j ; n - b. ~~
. -- - n r c  e w a - n I i t  t i c -  ; m l i - - t r v ;crja b it- s we -re

n. • *330c -~ 1 -- 1 - I ‘r e n. ;~~
- .~ If Ic 1-- : ~ I ~- ‘ - -  of the In I n v i d u a l s

- e r e - f re’ • ar,o- r r . er  ~~~ n — A ~- ~ ro~-ram . Ie~ m~~n . ed by h r .  C h a r l e s

~~. % r -r - j c hoj :c , - -ad to t e  unied I eI~~rrt r,ate these proLlem

—-- — --

~ 

~~~~~~~~~~~~.
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areami . Tri lu ;-ru ,tram c o n  l u t e  I e a : n .  ol  to I n - I  n v j d e;t j  ‘ o

1-S t a  -~c - i ”  tu. i t . I ~e 1t t t v -  . - t - j~~’~~t c  a:; w i - I l . 5  ; r v 1  I I r ~ b r

t h ~~ .) l ~t L n ; t s l u r  u:. ’ tOe - 1:1 n- - i t  ion n c - _ Aft er the

lnf :r’ n a t  m u :  *a.; s t - r e - I , toe - -vera l I a n d  ~r ~ re nlrecs ~ u t .

m oJüls wo zej torn sl at e - I . (~~--e  A~ p u :c L x  C f o r  th e  FU~~TI~AN

ria ra- L ,

-

~

.• -

- ~~ —-_ ~~~~~ 
- - - -

,

_~~~ 1 — s . , ._ t t -  I - n  i ’ - : i m m ~~ i c ’  - - I - I  c i : . ! o n . ’’ f or  t r.~

i m , ’er ac I~~ V e  ~~~I .- I , ~~. ‘ t c -  C O O . - r .c t e l  t n - I  S o l V e  I for h .  :~~

re j t - c t t v e  - s  I- un.n.~ 0 .- ! ,  I i -  ~~.: . n s  V~~~I . e - ; n  I n  w !e . c I ,  e r ,

w a ~ C o r n ; . I e ’r e i s a ~~~.t _ c .i~~~ . n : - ~~~:.r
_ J n i r _,- ~ n : ~~v m : w ~ l

t n  t h e -  ~~I — ;  1 -  nt I - I  c c :u ~~. e ’ s or 1: - - r a : 1v . -  d c l  ca u cu—

l i l t  ~n es t a t  arc ~~ u b  t e - s~~ t h a n ;  I t t ’  ~a~~c •Iat~ 1 :t0del }~
‘ u , then

• Oc t ; liv Id - t I  ‘ ci n o t e - I  ~~~ C o n . .  I - : t - d  sr. -~~eoi t l e  ~ r data

ara l. ;, - s . I n - c 5! - - : . c e - , I t -  b - - a t  wa  - u; ed t measure  t h ~ in—

t’- : : al c~ in: ;  i : , t . - r ; : ~~ :1 • 
~ . ~i e : . t r  i t ,

A b t e - r  i t . . -  r . r . . m— - r r  a c c e - ; t a t - I c - ‘- M l o e - s  1 tre e s l n t p l t -  a n d

i r t c ’ r ; t c t l v c -  nt - I t - I ~~~~ :, -*- n , c a l c u l a t e -  I , :ur. o tl., - r test wi~ co ne —

4 UC tn I tn or - I e - r  t 1- • - r m  n , ,  -~~
- e I • - -r or r o t  the m eters t ive

ri d e - I w e t -  u c r i f m a: II, - ,- rea tc’r tiar It . - sIm ;--l e model for

- : me t n - -sr • I cs ir  I.- Ic y i t  -
~~~

-
~ I . I t o : ;  ; — I n .  A~ Ion ] ix L w i S

c ; e ,j ‘0 c a l L - ~~a ”  ~~~ c . ~~2 • A ; ; t r - L x  ~ also mn.ciudea

1 0 .-  1 .-i ; ;  ; C  : - r~~ !.r~- of tnt- Iwo n o d e  Is  an d t t e  other equation s

a -~ I I - r ti .- a b e  -‘ ‘ ‘ c I C I a t o r e .

‘ D e n ~ } ,•~~~~ ‘ c• -
- — ~~-- ---- --~~ ------~~~-- - -

h e n  Aeronaut cal .~~- s t - - 7 n ;  1 ivi.ion ~~ . A ~b00 ~ n ah ~ 70

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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C o ’ - l - u t e r  was use - - I I ‘r al l t t c  In t;L c i t  - e l s i e :  I n c  i s - u n 1 ’ t I . -

1. r e-, l~~-r . i r ; i r - , c ’ e - c ~~ :; d i r - e s- . - - - I a n - v , - , t e  s ; ’- . i f l c  ty~ t-u C f

ar~~lysta ~• : - t - d  1 or t r . i s  ~ t u I .  w e - r u  regression , freque n cies,

~—te~~t , and t I.-;~t ,

Tn t -  r- - . - n  c u s  i o n ;  . :  t l , ~st : ;  w a s  t a . ’- 1 u t  t i e  5-ent of :3 1~c ;I r e 8

tt-Ct.r. ique. :-.;e - te  ~~r ;~~~ a n . e e I y : e n  I l . a  I I t t -  : U O e -  L - r  ed f i t  re—

e - 1 e &L m ton rYCit’ I , ni ,i I t - i t  l i i  I - t  t o n s  w e he ’  CurL ’~ -r to th e  dif—

lerent ~rou~ ni . Tn e s ir. tur:. c m n ~~IIfI. - -d toe - c~~~lar1son pro-

C eSs. Thu o ut L ~t of t in e r t -~~r e u 1 3 I o : .  a n a l y s i s  wa s as folluws i

~ x’xr’ ‘L  ( 3 — i )

w h e r e

1- 1:; -t cc 1 u -  :. V .-  C I r o I s  t e : - , e ~~- l  j  -
_ e- I r.-~ ’ r e -  C . —

on. coe 1 I cc ien . t n  ( : e - t a ~~• - 1~~~i e t m

-I- I. ; t i , -  :n e~ I t r - - t t ~~Ci  n a t r t x  f  all the v aIue - -~
‘ - - - r I r ~~~o:,aI C o - f l  i n  t o . -  d i - ;  isb n . niak—

n .  i s .-

It : ‘ i t ’ : i I , n 1 n r - t n ~ . c I co c i .  v e c t o r  - - f the in—
-I  i v  I s a l  I . -  c i j o t  r e m -  I o r .  c c i; —

( . 1 c 0 l c ~~ , u ; , ~~~
,
~- s 4 — ’7 )

& t I ~~ç tt.~ t , -I ~ *e~~~,- t ; t ; ;  w e ’r e  e a I - - . u l~~tud , t Ice  r e l a ti v e

WO i~~i s i e - r - n ’ C ‘j ;  u b . -  I for t h e -  o v e r a l l  arid ~,noup aodels by the

use of the toll ow l r # ~ c- 1sa I n

- 

(I or orthu~’oT,a1 (3—2)
j - r e - d i c t o r  v a r i a~~l s a )

wn e re

is t’ e relative we - ic - r e t  f o r  a p a r t i c u l a r
fac b r  -

b 1 is the teta wt- 1~~t t  fo r  a par t icu la r  f a c t o r .

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

—
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R is th~ measure of Coot ini t er cj.

( H I  f m-r ite , 1i tUsll 0— 1.1 l )

1-0 Id- - i T t . e n e - ,’r e tj s 1~~r c w e -  l s~~? ,  tu were all relative
~~e- I’o t :i

Tree comparisons &niI ?~~
-
~~ Ot ’~~~

-
~~~ t e s t s  we re ’ COhIUCtSI w i th ref-

erence to th e - uije clfi c re lative wei~ - t - t:e of the factors in

each of the m div 1-t u~t 1 a n t  ~‘r au 1- ru~m r e s s i u n  n- or e  (ward , I 9~ 2~

and ~.-arees , .-t ~~~~ , I — : t ) .

r rce s  ~~~~~~~ F - t . s t  * 1 c c  a H I l e d  t - l e t t - r r n - ,m r .e if the model

f ,rn.uiate - I fo r  one ~~ Up was 8te t Is t Ic a 1l~ different fr~~

those of & f l O t h e r- e r  u~~ Tice general tetrocture of the teut

equation was as follows .

— 
~~~~~~ -/~~ l — l h h ~~I))p — Ic (3 - _i )

,l~~ e. r. — r ( ~~’1 ) )

_
~‘ t

( I - ) ‘ I  ) ,  n -~ k ‘~ )

wh e r e

• i~ 01 t a  m n . -  I ~~ a r ‘-i -re-b ;: ion . aLc ~~~
-

- -  

~ I l u r . -  I w~~t t. n I l  of l i t -  data combined .

~~~~~~ . Is t i - c t  e r r o r  su m  f s F A  erea from the re—
ir,-s~s i :. analy sts accomplished with th.

t i ,  -

~ sutoe- t - I t o ’ - data .

n is the n ,m .nin ‘-r - -f dc -c i s b o n e .

k i~ t h e  r , .mtj, - r of factors.

~ is the  n u m L ~~r of s u b J o !u i a t i o n 8 ,

( “ Ie r~j c h o l s , I 97 8s~~— 5~~)

I I e ~u r ”  ~— 1 i r d i c a t e 8  the  vari )ua r~c~ reasion runs accomplished.

T h e  n - -fl h~ tpthesip for the test wag that th •re  w as no

_ _  _
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1 2 3 ~ 5 ~ 
‘I’ d v 10 ii I- ’

1 X 0 U C) U U I) U L U U U
2 0 X X X A A U U 0 u 0 (~J

0 0 X A X A U U U u U U
0 0 0 X A X o u 0 0 0 0

5 0 0 0 U A A U U u 0 0 0

6 o 0 u u o ~ o o o u U u
7 U u U 0 U U A U u U U C)

U 0 u 0 0 U U A A #1 A

0 0 U U U U U lj A A A A
10 U U 0 0 0 0 U 0 0 A X A

U U U U U U nJ u U U A A
1. ’ e.) U U 0 0 0 0 0 U U A

Re.~r.- ss i on
___________ ~~~~ i’rprirppn

i m . n . t i r e -  L as or a t o r y  ~o .t i r e  Laboratory

2 ~1 o T T i n . d  ~~~ctjo~ C - ~~~car ,d l.ection

3 t .ti f

‘iv m~~io n Division

5 r a r c t ;
6 r ~~~~

-, T - e ’al 1 iv isi on T t.t l lii v 1~~ion
1 Ia l i o n .  

~°i-°1 ~ 
t i Ore

1 v ini t~~i. :- .k r ; l v m s m o n i  FX
:)1V~~S 1Ofl l•’~ I I V l n~ 1 mn;

10 1 l v i s l - n  F~. ~; i v b e i ) n FE

11 D i v i s i o n  Fen ~ j vj 8j o n  fri

L 12 --- 
--  

: ist Fl 

- - -— - 

]
Figure 3—1 • H.-~

- i c - I . ; i o n -  Ru: ;  ; - bL~ I .  ~‘s l ar  c- nt i e a in—
d m c  ci te- a r e - . r e - r L )  Ion r ~n for th e- ~-n o up
i len. tmf je d b ,  t i c - r n w /c u 1u ~ n interactions.
Ti e irteract~~-- ’ of the Sa m -n-c - group in-
d i c a t e s  a regression for tha t group only . 

- .~~~~~~-—~~~~~~~~~~~~~~~~~~ -- -~~~~~~~~~~~~ - -
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si gnificant 1 j ffu r c-n . - c L~~ t *e ’ c-. n t h e  rim h - l i  f o r m u l a  t ed I r t i c ,

d i f f ’ er e r i t ~t r o ;~~ s. Ti e . -  re j e ’c  l i o n  of t h e  n u l l  h j p o t h e u i ’s . for

pur~--oees of t h i s  ~ tu Ii , In tc . ~ e te-I tt .a t t i e -  ~‘r o u r - t J  we re  e t a —

tistically diff ere nt i n  t i e  de~~ie j lun m a k m r ; ~- j—rocese used to

select i~~~ ~- c J  I -r o j e .~t s .  A l l  c a l c u l a t i o n s were  ba sed  ore the

.05 level of  si~e’n ;jfi cance . In addition , fre-duoncy runs were

generate .I t ) j-r .odu - e van e-us statistical ir .f )ralatbon .- ix

pa ired san ~n p l e  t - t e n ; t~ we - re u~ie i  to d e t e r m i n e  If the i n d i v i d-

ual ~ u L  jective w e i g h t e  -differed Yr ~m the. r eg r es s i on  w e I ~- i t ~

for any of t i c ’ s ix cues. A two samp le t-test was used to

leterm i rme w h i c h  of t i - s  S l e c i f i C  f a c t o rs  In t r o d u c e d  d i f f e r -

ences among the ~‘r ups, arid a lso , to d e t e rm i n e  if th• model

fo r m u l a t e d  f r  t :.e t . 2  pr o~-ra rt d i f f e r e d  s t a t ist i c a l l y  f roa

th. model formulated for tr .e 1 .3 pro~ ra.~ . 

_ -H
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lv . 
~~~~

The analysis of t h e  i.~ t a  is ~ r~~v 1ds d in this charter .

Each of the ej~’h t , I ut r .~~$e5 ~t - r t i o n c d  in Ch ap ter 1 (pg . 5)

were e x p l i c i t l y  exa-imi ned w i t h  r e s p e c t  to the ~ .2  and t..3

pro~ rarr.:J when a I I l i c ~e t l e .

~r .t e rr~~j on.~~
1 ;
~ te - r n~~

l i e -n - al c on , : ;  tB t e: cy(Jm ) w a s  u c . - I as a re- i t a L l  III , mea-

sure of this o l i n - ,- capturi rn .’ techni que . ~I~- Ic ictu is ’ i-’u~ ~~~~
pr~~~~r arTc ( A ~~;e - r l i x  2 )  was usc- i to oi~tain. an h ’ for each ir~d i—

vi iual . Ti ls pr )~-r .e - - . wa s  u. ;e-d to  l e r i v e  the  f o r  t r . ’- I n —

di v j duals In tue ~~~ I r - ~~- r
- arr . ~ Inr~~1e nod interact ive models,

as well as the 1 .3 I~ ~‘:am t r. d i v il u a i re , sim I le and inter—

a:tjve nt~~dtt l ; ; . Toe- n -- suits are im s t e d  ir App endix D, T~i sle

I lis t;. toe mi ni m - r w-r. I~ V jl ~~ e- 8  that were calculated for  the

simp le and i nte-ra l i ve ~~~r elj .

rA. -i ~-- I

c’t nj ~ c o r  e . l Oe ’ ;j o f  ~‘ t. .alc u la t c - - I for the

~ lmpla an-I I r , t e - r ~~c tive ~~- d ce  1 2)

.l i m-t~~ie  y odel interactiveIr. -~’ram 2 -

~H .  Mode l  H ’j

r • 2 an I e 
- 3• ~7-4 - ~53

• ‘ i c ~ v a iu~’s of ‘ ‘ am i d *c’ro ident ical for each program be—

cause tree same c r e c t s i o n  m a k m n ~ ex e rcise was used for both
proirarts. ~quationo ~--1 and b-2 were used to calculate the

r .spectiv . R~ s ( A p p e n d i x  i i ) .

-- -~~~-~~~ ---~~~~~ . - ~~~~~~~~~
._
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All of tie tn~I i v i i u a l s  li e 1’ ,. - 2 . i n . I  ~~~ I ru e ’ r a ’ n . s ~e a i  nilp r—

n~~fi cant R~ volusi f o r  tie :.tml1u m odel. :n ,We? V e r , aj ~p r o x i —

iately 7.2-~ of the indi v iduals in t h - -  t- . 2 1- r ugram arid j.2%

of the ln li v i dua lu Ire the  1 . j r -~~’ram ra d interactive models

that could ro t  I c  c n - j mj e . r c- j b t ;i t jb t icail f lifferent from

z~~r at tice . )5 sl gr. i f i c ar. level. la t. te 11 IndIcate5 t i e

aver a~-a R’ a of t~~e i n  f: v mci -~ai~ in Ire ’ I • 1 arc — I e~. 3 programs

for the sim ile and interactiv e mo ld s.

i A - - b c I !

Average l r . I ~~v i - I u a 1  ~~ V a l u cu

- ~~m m ~ e ’ - L L ~Cl  in t e r a c ti v e
Y-odel ~~

.
_
- #30

1- .) •

I n  a l I m i nc , q ; r x m r . a t e - l y  3% of t~~e s i m pl e mod el R 2~
for t~~ ~.1 {ro - r.tm ~ ar-.1 ~ f t h e  s :~ .~~I e  m oiel H s  for tie

• - - e r amr w e .r c ’  ~ r~-a ‘-‘r than - m U , urn the other r,~m :ei , 91%

.2  ; r - rrv- a~~ IOU ’ of the I • 3 ;-r . -~-r a m H~ s for the

m . n , t e - r a r ’  I I V A  m-T 1 - - i w . -  r e • -r ~- t c~r I n a n  . 80. I- r e - s e  ve ry  r . i v h

~~
‘ ri i n .  l i c a t e -  l P c ~~t t h i -  mr.fo r~ it Ion rrovided ry the  c ues was

uued conais ter-tl~- by tre e individuals ire the policy capturing

exerc ise . In s-inm - . ary , revi ew Fi~~urei a 
1._ i  and ~—2 .
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mn ~~~~~t f c ~~~j~3 ~~

a;  - c - r :4 _ 0 - i  1 r e -  t ‘ ‘c }~ -. j) j r -o j t ’  t — - -  c -c  t
cm 1 . - n - i a  11. --~~5e r . t n~l 1- i a l i n e a r  fe i ~~n j o n

- 1 b e ’  re-n - c -ri m , - u f . ‘ C -  m c ~ n t

~c q u a t i o n  ~ — l  in  A~~;C .n~~x ~~~ Sue  t o  d e t e - r - D i r e -  i i  the

UIln j Ic or t t e -  l n nt e r L -  tive -d .- 1 ~ -~-o ‘si~~n .f iC&ict for ea -h ~n —

1iv ~~doal , A 1 ;  r o x~~ ta~~~- 1 ,  ~~~‘‘C of I I - .- ~r , i : v i o u a 1 u  i n  th e  ‘ . 2

l’ro~ r am an d  - ‘
~~

-
~~ of t i c -  ~r- l i i  t . l u ,~ l~ ~~ I c -  ~ - . i j - ~ e-~ ’i am h ,l d

are in-. t’- m -ac I.e nmo-I ’- 1 t i - c t  aCc-ounte~- i or s j i n  lC arct~ mi - -r e

v a r l a r , n e  t h a n  t m : e  s : r ’- j  it - 1- e ’.  f - e : - e t o n - c , t t . c  u l t ;  le  mo del

w a n i  u sed  f o r  the  r e r r . a i r l j r c  d a t a  ;e : , a l y s i u .  (~~e f e r  to A l ;.e:nd.i x

D f n r  the  co~~l i IeL f listing of the ri-suits for tte~ s calcu-

istion . )

‘
~~‘ -~~;b ~i~

~~-e a v - - r - t , ’- i r . i i v i ~1ual ‘- e i - i ~~~r e  W ~M ) is

r i ~’ o c - r  I ? ,  i n ,  tr- e o~ t n e -  d i f  f er e n t  levels

~~~~~
. 

> ;~ L~ -‘ ,~~ -~ ~‘ > - k~~- ).
~ot

2 “ m ~ ’ I ~ect io n
- -  1 - c f  I

•~; on
-
, r . r . r  ~~fl

,r u ;
= m l  i r e -  . .~ i i on  a t or ,

i~ 
I , -j  • nm i n ;  A c m  a i i  ca I e- to r • 2 r -  c r t r i m  Ire—

I 1 V I f U B I S .  - -i~~l .~ 1 1 1  ~i . I ~~~ , c t e ’ s  toe comj-iled re sult: - .

Is  a i t :~e~ 0 1 i f  I e rem t I a n .  t h o m  •‘ h - e- ti - c - s i Led W .~ rt’ not

sum; i- is in-- I l I A C ’  to he r ,umb- r of Ye ~ taf I sect ion jc -r n ;o rie - j

who nnd ate- -1 on t h e ’  i m : ;  trumer , I that t 0c- ’~ we re a s s ign e d  to

tree e~ c t i o n  b - C~~~i~~ 3U of an e a t a l l i s h e d  job  r , j t a t i o r ,  p rogram .

Therefore , the low was i n d i c a t i v e  of the c i rcum stances .
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r r Ic -ra~~nr I n  • 1 
~
‘ •- i n  i c - c  s n -or - u , Tt c -  n e - s u i t s  for Inc  I 2

a n d  r 3 r - ~~ r a r a  a r c  1 I n :  Ic- -I I mc . 3 1  1.- 1 ~

1 I C -  1. i,’ 0 ‘• i. lu - nm of r ~a t i e  i c ’ we-re v e- m y  p b t ~v c ’  in  —

d i c a ors t n - ~t a l l  u~~x ~ -~~- t  - r 3  w e ’r e  s o c  I toe ma~a~’er a A~~,
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r I ~~ t r . -~ t~ 1. 
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‘ r ~~~~~~~~~~~~~ ~~r e - n i me  r e l a t i v e  w- - j m i , t
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~~~~~ •ci., i r~~. ~~~~ e - r t~~r . t  po l i c i es  are hom e -

- :~~- 0 - , .: - ai ‘r~ ’ a 1 mar a. era .

The Chow ’s F-te st w~c o  ~~a e - d  to d et e rm Jn e  if the j uJ~~em ent



_ _ _ _ _ _  _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ --- - __- - - -

A - L .  1 -

I— “-~~ t of n-a c b r  t i l l ’  c i t  i o n ,  I 
~

- -arna re ru
of t n . , e  b . c m .  I ‘ - 1 ro : c ctj

.2 1 ro:c- c I

— . i ;  H e ’  ,-‘ n - -s  i - n c - n - -!‘,i tOr - c ’  1 - t t , J c ~ the lat iv e ’ ~e 1~~ St

Cos~~~ . r . e . it  
• ~~~ . ulO ?3. ~~~~~~~~

T-- cn n i ca i , •
V e~ r i t

- 1 5  • ~

. 0 5 0 -  .O0~~ U CCe’ S

.‘0’ . 2 1. . 5b~

k
~~
r

1
Forc e 

. - ,  _ 5  .~~ 
- --4 7

ii t he m e ~‘;‘ - ‘ j _ , i C ,  re ’iati v •-- ~.- t - I - ’r ,tc I or  i - a c’. of t n c 4 Six
0 I e c t - ~r~ cer e r o 5 - i t i : ; l l c a . I V  ii f fe rinc t than zero.

H
3 ~~ I • I ,, a I ’ .e  . 0 5  level of ei~ nificar.ce .

- 

~ 2 
tp~•~ ~~ 

•

I r’ o:ec t “

Fa r’ 
- -  c i , H.~ n-  ~ :; I Onc V a r i an c e  t
~ e - 1  -~ t ly e  ~e ;~~ht

~~~~~ 
C- n - c .ftt 

- .~~ l I  t ..~~-t-

~~~~~~~~ .040 j~4.10)

•00~, 7~~.3~3l



_ _  - -~~~~~~~- _ - .  

‘ A~m i~•o 1,’ ( -  m t .

T — T e st  of  h i c t o r  - ‘ I l l ,- t t i - n  b , franagera
01 t h ’  • 7 - t i - cl - 1’ro~~;c t~

~~
- . 3 1 roject ‘c’ ar c a g er c ;

Y e - a r ,  ~ ( - r ’ i e c3u i o n  - -

~~ 1a ’j v  ~a r x - t r ce t

I r c ’  I ihood of 
, O~~l - D Ot  ‘, t  • S.—nc ceSs -

- 
- - 1$ 

~ •0 0 ~ -
~~ 

I _ - I--e u1- - r I o - -I

- -~~~~ 05, ~~3

H i l I n e !  r e - r e s s io r  r e l a  l y e -  ~ ei~~I t ~ I o n  e!; c r- u l  t o e -  n ; 1x
I a c t - ’rni are- r o t  aIat~~0IicaI1y - iIIfenc ’ r , t tr.an zero.

Heje ct ~~ if t ‘2 
a’ t o  .05 level of sI~~n i f i ~~ance.

t • t •r,—~~, i - 30,.025

101 Ic i c - - i ,w--rt - ?. - ‘~ .o t e - r . e - u . ;  cmrn n~ a l l  r r . c : , n c .’ro  - ‘Ihe t e s t  wa s

t i ! 3c~~ c~r. ~ h cc : n U ~i of u ;uare- .c err- r asaoc~~a ted ~.ith ea ch m di—

V I  I - a l  r~ode l a n d  Y e ’  ~um of ~~1u - 4 r e - 3  e-rr r *ojcn r e s u l t e d

frI-n to’-- ~ m : t i r e  ~ar -rator~ r- - r’-5 r;iom ~~-- -l~~l .  T he  r e s u l t s

i r . I  I c i c  ~ I t 0~~ - at leas or e’ ~- a : - ~~C e r  • s ~o Ic- I in t h e  6. ~ a rid

r o~~’ - c t - ;  1 1 1  ~~, -~~~c - I r o r -e rent c ii -d c ’r of th e  ~ana ,~’e r i  in

- -  r e - s;’.- c - I -‘c ; r~~~ .’r a - T . 9 .  T : . e l a r g e - s t  Ii ferur-ce was noted

~ i t h  r e d :  .-c~ to t i e  : m , c m a , - er ’ u relative wei c ot of Tecr~r .icai

I~
’c r jt a n d  A~ r Force i e - e d .  1 n :o r e f o r e , the i~ode la  f or mu l a i c - d

t-y the mar-ap~eru øe -re riot ho~no~ eoeoua in e~~ther the ~~~. 2 or
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6.3 rojects.

‘I ’  -- I ’  - - --

H~~e n- ac m -r i ’ - ‘ - c t  l ’ - -i. - l  ~, 1 c c c - - n; tTo tj a : r ,e  r e l a t i v e
w,— i~ ’ l ’  c - i -  0 t O e -  cr it~~rio u n~c - l  b r  ~~~ p r oj e c t —
: c c l c Ct i ~~n~ 1’ C I t i i O T ~ii ( m ; ~~t~~ !e~r c e i t y  e x i n t e
ii rr, I r . ~~’ to~ 1 e - v ,- ls of m a : ai ’ - m n c - r : t ,

The r eo  ~i t i r . ~-’ r e~~r c - ’j o  : o r c  so I t i l s  f u r  I: rnar nt~-eanen t Ic-m v—

ole are l i s t - I  lm : i t  Icc  I f - n  t h e -  0 . 2 J i - u j e -  -ts .~r , c _ i  T a b i e  V i

fa~ I ’  .- r - ; ro ~ t- ,
,, ‘ :; - he Co • s F— te-  i,. I ~~

- .i :c 511 e d to Je ’ t e r —

-~ - I n - c  i f  h0r r .o~’e - n , c ’ I I ,  e x 1 s e I  ii~~ong t i ~~ sai,a .- e r r e r , t ~eve1a - -f

I ~- r.’ ; - - C t  lye’  m o  ,,~
. n A

I c e -  Iro m e l I c _ r - - - - 4 l c t - - -~ fL- r t n . ~ r . 2  ~ro -- ct ~.a;.i~ e’~ ent

i c -y e -  I s  w . ’r t-  e ’ 5 f ~e - m  I l a  - , I t i ’  ~- f l i L . • c _ n , I :~~ , ott -er hard , t I e m

mr- l c .l9  f rmru la t e x I I or t l . c~ I • r ~c-~~ t ~ a o a 0 e - ~~, e - r t j c - V C 1 8  were

d - ’ t e ’ r~~m n c ’ d t o  b - c  s c t t n e t 1 c a ~~ly  - b i b I . - r ” i , t .

A ~ - a ;  t ’, I e m - c- r ”- e t —  ‘ c - s t w e - a ssc I I~ - - i - - ’ t c - r m i r , ’, * t c ~r.-

I ’ - ’ -  d l I f c - n r o r n -e ’s a cr o ;  - - t t ”  — c ’ ..c - c- -- - -m l e v e u I o n  t n - e~ .j  ;ro—

lec ta ~cc’~rr.~-I . AM r : m r - c t . l~~ ~3’~~ o: 1 1 c c  ~m e -re ssIum We~~ ht

for bce  m -de l f r , l : - c t ’ - I  wa s  aoco~ r . t~~l for by ttn r.4e factors

(Cost- :’enc ’ f jI Ratio , ~ec r r - i ’ a i  ~‘en it , ar. 1 Air Force Need).

To eref-:re • t I e - n i p facton c ~ e-r cc rev ic ew. -d in ~~-re detail - The

re su l t A are lin ; t c - I In , r e t  I.— v U .

l ’~~ r e r ,-n l ’ ce tr4 Thb le .11 , n  .j i c  a t .-  I t h a t  the ~taff ar -I

A ,) T i : . - C C C - m r A r , t  lev e - 1:; wer e t Ic. - s ur e *In j b e  t i e  o t h e r  ~- a i . as ’e—

-mie n , ’ i ’--~ -el c - m r p a n  1 - 3  ~ c - r c- l l f f e r e r . t  w i t h  re spect  to C o s t -

b - c e i c ’ f i t  R a t i o. :“cor nc a l ‘-‘eri t caused t i e -  most differences

acm or ~~ a l l  tana~~- - nT.e:: ’ lev els. Air I~ -rce heed , or: the other

hand • r e a~~1 ta- I  i n ,  5 -~~~ of tr-e mi,~ r.a~ - - mre r t  l e v e l  cos-parteon

~  _ _ _ _  - - _ _
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beiri~ conuil ere d stati stically differe nt. (..eo Ajj-endlx I

for the t-test results ,)

Mt S - t .  i i  I : v i n .  i o n  r lac k- a I t - c -  noci e r e-I at ivc ~ w c - I ~ - t c t

~r n t i c -  c r l t e - r i , t  —i: .- -i I r k’.~~j i r u j e c t — s a l e c —
t i o r : b - - c i s i o - o . ( H o r r . u ~c t ’n e i tj  exists asoni~
In :- - - It v i s  1 . n . o  )

~. t .e r e u - i t~~r0 ’ t c ~~~ ;O : ; 3  tom - m o d e - l u  i L l  t h e  d~~f f e - r e ’ n t  I i —

v i i i  1 ~m r :; a r e -  11 ii te- .1 i r .  I at  16 V i l l  I or I f - v  b . - ‘ ~ I c  i’ C t s ar J

:c c i - 1 ~ ix f o r  I t - c - -  ~~ . 3 p t ’o j e ct s ,  A , ,c j rn . t r . e n  C r c _ w ’~~ F— t i-u t wa s

uued to th- Ie r :ir e - if ?- -to: - u- n ei ‘ i ex i s t e : i  nt :r .or ,~ t h e  d i v  l u

of t h e -  n t - s J  0 . 2  1 ly e -  ; r~ ~ec l B

For L u t ’ . t i c -  o • 7  u i n , l  ~ ~ro ’ c - c Y: , t O e  I~~~ t I  n r v I i c a t t - j

I S - c t t I e- ~ . - ,I’ -I ~ 1 0 m m- ~l at ’- l f r  t i e ~ 1i v 1 ; : 1j n o ~ we ’V e - d I ll ’ re n t.

A a i r . ,  a r c a - n i l .  I i l f ’ - r ’ - m .-’ I — t e s t  ~~,i .; C c ’  I t~ Id e - m ine t O t -

s~ e clft c I l v t u i - . r. I lfte-r ’ - r - c eu . A N r ox irLat.-l J m— -.-~~of the r ..~
ru~~, e c  t riO ¶ 0 1 : ;  w . i t j  e -  L a , t c - - i I. r w i t h  two bact ors t :e - ctr - ical

Vi -r it ar.~ A t r Fc- rct- -e-’ b ). U - -  re~, u l I s  f o r  t he se  f a c t o r s  are

li st e d i t .  T a t  I - c  .‘ . o r , t b - e 9  o ’n.-r I & r  -1~ :i;;rxim a te~~ h1I ~ of

t r . -  . 3  r c c j e - ’ c t  n o l p i n i  —~~ a c c o u r - t e - d  f r  w i t h  thr e e  f a c t  ms

(Co ct- i’e n-c I’ m t  h a t l o , e ” r r l c a l  “ .-nit , a r d Air Force heed) .

‘e O l , -  X i  l i st s  t O t ’  r e s ul t s .  T I e  o t i - ~- r  f a - . tars not considered

in th in d luc- .:s ior. acc ount el for la - s m ; It s:. 12-l~% of the

ov er a l l  cm- t i — i .

i’Oe r c c r . l  t~ f ~~ A i r . - I i : - 4 t c -  I t ia t the division s

were comr ’et.- lv i~~ff. rec t ~ l tt rei- -~cct to Techn ical Ye-n t

and Air Force Nee’-i . No cc - ’~.L~ r~at1on of d i v i u .j o n ~ was th e

ease for either faCtor. The reo -u 1t~ of Tab le 11 indicated
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t h a t  D i v i s x o n 6  ~ 1 ~ r c I Fd~ w e re  u l l  - i st i ca l  ly toe same - ~ i

re s i e c t  to C 0 9 t - : c t e r . e ’ f j t  ~ a t 1o ,  For  Air F - r c e  I~e - e - i , L i v i —

i 1 u r ,~~ F.~ ar4~i Fr . ~ , r e -  t i e  8 ; tv n e- - All 1 iv ia~ n c o r L I r i a t j ~~r e

t o n  T e c r o , l c a l  I~t-~ ’ it were- corns,derc . - l u t  t t l s t i c a l ly  d i f f e r en t

a t  t h e  .05 si~IrdI1 canCe lev e -l. 1iiV i~~ian F l was elirr-inated

fro rt t t , e ’ SP  2dICU IR. ’ I ons h e - C au t : , 01.11, O i , e )  individua l ca: —

; i et e d  t h e  tn strume— nt . ( C O V  A Uvn dt x 1 f a r  u t — t e s t  re-

s u i t e  for  r o t h  projects .)

ftypç~the~~j~ ~~~

dY ; ‘ an.t ~’’-rn ; ,t - u r iI ~ lv sj- - O 1 I ,~ ¶ 0 , ’  r e l a t i v e
we j~~~. ~ U a - - ,- r ace um o t:e cr1 tenla u;;e I tO
r e n t e r t h e  f~~’3 r r o ~~e - c I — n e - 1 e c t l o n  d e c l & i o r . n - ,

~~~c l n d i v I d - . a l  t;ut. ject lye we 1( 1 t n  an I re~~re&s ~on w e

c o m p a r e d  t - ~- us~ r~ ~ ;;ir’- - I sa rr . r l - -  t - I t - bt . T at - b A l l

i f - l i -  Fc ,. s to ’- re .u tv e ~- f t o--  .~~~ ~- r~ - ’ e - c I  a i , I  lal-le Xlii 1 1 0

retiult o of t o - - - ; ro’ .-~ t.

oe• t , ’ ;r u ; c ’ c I  r r e n - 4 4 - t ’ rs ’ S . :  ~- - c t~~ve  w e - 1~~~h t s  were sta-

ti s tical l y -li fft -ir c- -’,t f rom t Ie re,-ress ~~or ~e 1~~~ts f,r ei~~h

— f  t n . ~’ f~~ct :-~; .  Te re ’ 4 - r - - s u l o n  ~~~Ie1s  f o r m u l a ted I4 ~ ; iit- J

I ~c t t ’ - e -  mr . c r . a ~- -- r r ;  
~~~ - . t u a l  l v  -~u~ a c i i  ft c-ra n t m4 -del  than t t i ey

perc~ ~v e .

As n o t e - i W~~~~U t I e  . ~r o J e - ct ~~ n~~~r’rs , the t - ) j -r o j e c t

r’inae-”rs ’ su c -~ e - ct i v e w~- t1 t.ts were e tm ~t is t i c a1ly different

fr cr t~ e r.- -re Ion w e -  i~.- O t a .  T r e  6 .3  rr~-iect rana f ers al so

s e e  ~~ -m I’-1~ f r  tt .e sc-lec tion - - 1 their r-rc e .t e~c tC,; tt. st are -tif

ferent tr a y, t r r .~~y p em e iv e ,  ( .ee A ; p e n d i x  H for the calcu—

lat jore of the difference t-.~ t w e e r  the a 61d ,~~ctive and regres-

sio n weights ,
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A difference to - tw c ’e r .  r oan s t - t e - ~~t w a : ;  u o e d  to dete r~~ine

Ir,, ex i~j te- . e of ’ h’~ to~1e .:cv it. t e t~~e’er1 t h e  ma:~a~~er s of 6.2 and

~~ J ~r I -~ ec te, Table X I -  ah w~~ the tabulated results of this

t e s t ,

The reoultu jr ~~ i n Ic XIV i r , li c a t e that Time Period was
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V . ~ummarv ~~~ Co;iclusions

~ U mma ry

The scope of this study wa~ to lnve~~tigate the ~o~ si—

bi lity of using t h e  p o l i c y  ca~~t t 4 r in g  techni que to model in-

dividua l members of a large ‘~id-~ est~ rn Air Force R&D LaL-

oratory and deterr~ine if con ~ersua existed among the levelu

of mana~ emerit ani the div i~~ione within the laboratory . in

so doing, ei~’ht specific hy~ otheseu were inveutiga teds

first , to a;plj the ~o l i c y  capturing techr .ique and determine

if the models ~t~re linear; ~e c r d , to ~ee if internal con-

siuten y (R 2 ) has any  set pattern am o r . ~ th i~ different n an-

agement leve1s~ third , to det .’rmine if eacr manager uscu all.

ava1la~ le Information in renlering a (leci6ionI fourth , to

th t e r m i r M  if  a l l  ~~~~~ ‘~~rs i I ~’c~ the  same w i ~~l t  up on the

factors~ fifth , to deter m ir . if each rr.anarement level places

the same we~ g~,t upon the factors, sixth , to determine if each

division places the same weight upon the fa ctor a ~ sev enth ,

to measure t~ .e accuracy of an individual mana~’~er ’s eubjective

we1~ ht ~d is tr 1but irn of IOU points over the six cues) as

orr )~ ed to  the r~~ r~ suion weight (calculati d relative weight

for the six cues ss a r(~~Jlt of the decisi~u s )j arid eighth ,

t~ determine if the mar af’ers of the b~~ project formulate

the sarre rrodel~; as t~ os*~ mana gers of the ~.3 pro ject.
M e t r. i Q j )~j. Of utmost importance was the ident ifica-

tion process of the factors to be used in the inatrua~.nt .
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Throug~h interviewu t~y Drs. Y .J .  ~ta~.l and Adrian M. Harrell

w it h  the  la t o r at o r y  ra r . a~~~r~~, s ix  f a c t o rs  were d e t e r m i n & ~d as

the most important f~ r ~~~~ . ‘ ~~~ p r oj i ’ct - : . ”~~e c t i o r ~ decxsi~’ri

rrakir.,’ process. 1he:;e (~-t )r ; wt’r~~ 1)  2 t— ~~en~~f i t  H a t l o ,

2) Tec~ n .jca1 Mer lt~ ~
) • J u ~~r . •  A v a 1 1 i L H i ~~, ,  4 )  L i k e l i h o o d

of ~ u c c e~~si  5 )  i tme 1 . r l c l t  a n l , t )  A~~r ~~~~~~ Ne e l .  A ~~
—

factorial, ortho~’ ra i l , 1t~~i, ned ini trumer,t was used w ith

these factor.. rejre~: r. t iri ~ th~ xnfor rna tiora l cues in the de-

C is ion nak ir~~ exer~ 1:. p .

A total of ~2 i 1 f ~ .r ~~n t  ~~~ I r . e c t ~; w ere  ra t . • i w A t h  re—

~‘a rd to a r i r  v~sl  c r  d i  sa~ r o v t l  ;.f t .  r o j e~ t for 1~~r i i i r i ~~.

?~ rou~ r the r a t i r . ~ ;r  ~ u s ;f t r e  ~r~~’ec~ , tr i e w y j i h t ~ U t

e a h  ir.d~ vi~ ual associa~ e 1 w i t h  the s~ x factors were car-

tured. •~‘e1cr. t r f ~~r:~ to t r e  x~~ru r t a nc~ an i , ; J I v l d u a l  ; ia c es

on t h a t  ~~~~t i~~u~. a r c .

:. ~t ; .  ~~ T I ~ r ~~ P. i r . • ~r rai c u r :; i s  t en . y (h ’ ) val u.~s were

~ r o n i  ly e  ~r J i c t t i  n ~ ¶~~~. :;~~cce~; : f u 1  u :~~ of the  p . o l i c~

cap tur t~ e t e c h n i qu e  I r :  f o r m u 1 a t i n ~ th e  molels for the m d i—

V idual irar a. •~rs. A ; r x itr ate ly t 3% of the s imp le  model

for th~ t . .‘ ~ro~~e ; t  an I 5~. of the sj~~~ ie  r -od ei R 2 a fo r  t he

~.3 j r ec t  ~ .r e  ~ r~~at ~•r  t: t r .  .~~O. ~one of the individua l

si- .; l’s m delj were e litiri at e d 1 r r  the stud >’ for either the

~. .2  c r  ‘ • ~ r ‘i ~c t ; ; . ‘
~~~~

,. i r t M r a c t i v e  model  added very litt le

to tr~ aral ~~; i~~~.

fte R ’ va1u~.n f r U. r ~ r~~ project mar a~ enient levels did

r ct have the ~et pattern a:; :;u~;p e c te dt  h o w e v e r , the  R~ values

for the groups were ar, h i gh as those  of similar research
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efforts.

It was determined that all Lix factors that made up the

decision making exercise were ui~ed Ly the individual s of the

6.2 and t .3 projects. The t-va1ue~ were indicative of the

high significance associated with each factor. However , eac h

individual mana~’er did not wej~’ht the  factors the same in

either the 6.2 or b.) projects .

In the ~‘roup compa r hionH , it was founc~ that the 6.2

project management levels weighted all of the factors sta-

tistically the same , whereas the t .j project management 1ev—

els weighted the factors statistically different. The key

interest factors were Cost-benefit Ratio , Technical Merit ,

and Air Force Need. Differences were noted among the man-

agement levels in relation to .~cst-benefit Ratio , Tec hnical

Meri t, and Air Force Need. The other factors were not con-

sidered due to the small percent )f the model accounted for

by them.

The . r jec t li v i ~ i c i  level model s were do termined

to Is. stat i sticall y different . Tie 1ar~ .’st differences were

noted with res;ect to Techr ical Merit ard Air F orce Need.

Tri e ~.J project divi :;ion m od el3 were a b c  statisticall y dif—

fererit with res;ect to .ost-~ enefit Ratio, Tec hnical Meri t,

and Air Force .eed as the major contributors. Again, the

factors elim inated from the above discussion accounted for

very little percent of the mode l.

The comparison of the individual subjective weights and

regression weights resulted in significan t differences among
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the individual managers of both the ~.2 and 6.3  projects.

Thin indicated that the managers as a whole were unable to

correctly specify the models they used in R&D pro ject-selec-

tion.

Final ly , the average individual manager models of both

the 6.2 and 6,3 projects were compared. The results m di-

cated that the models were statistically the same .

Cpnclu~j j.pne

The results of this study were supportive of policy

capturinp’ as a techn ique capaule of modelin g individual man-

aj~ers ’ responses in an R~ D project-selection decision making

exerc ise. All of the Informational cue s were used by the

managers and were distinp ui shab le across the management lev-

els and divi sion s of the b.2 and ~.3 projecta.

The two most imr~ rtant conclusions were that there w~ s

not a consensus in the decision making process among the man-

agers of the manalemert levels of the 6.3 project , or the

managers in the divisions of the 6.2 and U projects. Also ,

the mari a~’ers of both projects did not use a decision making

process exactly the same as that which they perceived .

R~ cortmen1at1jr :; j•~j Further fteseerch . To attain more

of a consensus within the laboratory , if laboratory manage-

ment deems that advisa .le , a follow on research effort would

be sugr~ested. This effort would Introduce the technique

known as Delph i discussed extensively in Chapter II. Brief-

a desired decision making model should be made available
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I
to the individual managers. An instrument similar to this

one should be circulated to them. Then , the individual

models should be formulated and t he  da ta analyted. If th i s

process is comple ted a t least tw ice , a chance should result

In that the more recently formulated models should then re-

semble the publicized models.
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The cover l et t er ~~, ir .o t r u  ti. .nn , and demographic 1us$—

tbon’j f r  t . C and e .  r r o j e c t u  are included i n  this appendix

followed by t h e~ R ’15 project-selection dec~~u b o n  making ex—

ercise. The actua l decision ~iakin.g section was used for th•

6.2 ari t.3 projects.
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t e a  ‘~ . . I r.r s p a  a :  I t. ,,w • U forwa t ~or, js

by aaral...rm t ~..r ’, ..r r s ’ 1 ’. r .  I’.e AH.I, t~ esa . ., c r t . l r .  t r.c ~~sc t— s.1sc tton
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I ~~~~~~~~~ I
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1. LIiIA l ’LAII ,.’,A._ ~..r.ir. L

isis. i n d u ; a t e  j )Lc i orgtn i~~a t l o rca l l.vei by ch.cSirm4 tici

appropr iate s~~..oc ; r o v l c l . d .

_ _ _ _ _  C ,esmar . c I  , ipCtlorc ~~~l, ~D , .2*)

_____  , t a f f

_____  l i v  Ia Ion ~)f f tc .

-

P1.15. cr..~~x , o ,~r Iw o l.tt.r d iv i siona l s y sb o . , if ap pl i c ab l.s

_____  i x

_ _ _ _ _  I’ ll

106

-- -‘ .

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

-__



-

In a c c u r d a r c c s’ ct rc ~ar ap~riprc ~~~~, AV I1 1 2 - 3 5 ,  LU. t o i l o u i r c ~ in.fot ..a t ion

t• prov t d.d a. r.t .~ m t . c 1  
~J II.. l r lv a .’3 Act of ~~~~~

a. A u t h o r i t y

( 1 )  
~~~~~~~~~~ 

~~~~, 
‘ ~~~~~~~~~~~~~~~~~~~~~~~ ______ ~~~~~~~~~ ar ,cj ,’ur

i 2 )  ‘ .) U. . . 2 .  - I .’ . .s’ - re ’~~ j  ~~ tim e 
~~~ ~~r e , ~~~* s ’ r~~

‘ut c i ,  ~~~~~~~~~~~~~~ ~,j .

b. Principa l t.cr posccs . T~.c •.~ v r y  7u b •li.n c cr.ci ,.~tc’i to C oilsil t

infor .ation to  be used in re..ar r. air. ! al i 1 l u r n I r c a t i r .~ and pr o v i d t n~
inputs to th. a ol. .t l i t’ . of ~rob 1.rs 07’ i r , t . r .t i t tO It. Air Porc. ar. ,i’or

I~ c l i .

C , Ro,. li: ( Is i . ‘ . • — I . 7 ~~ C , IsIs i . c  7 0  ..,.c U c . r I e I  tO  l r l c j r~~a I 7 , , r

for  . .i. In r .s ca r ’ h ,c 7 ’  ‘ r a Y a e I e t c t  r c . a l s 7 ;r L, ca.. Hesul t a  of the ra’ ,rarc Pu

ba sed cr, Il’ s’ 1.1 • a ,. V I I , w I l l  ‘ “ m’ I’. I, c’.~~~~ mc w r 1 t  let . ‘as  tsr ’ . t he a is

and cay s l a m  Ce t~~c l ,, ,A p 7 1’ ~~. . c  I . s ’ .1 ar t m c li. . r .;cr ts , or text., .la tr I—

button of thie re c 11 , ul Ir e re ,esr ~~r , t a sse l r t ’~e aurv e y data , whether

In w rttt. r, f r :  or om’.H , 1 .res .r ,med , ~~~~~ t i  .r..i.i tsd.

d. I ar tt ’~’t ;4t7o n In t i l e  ‘, ,Irve , ~o ..t ir .ij V o . . r . t i r y .

5 .  h~~ •i~~ar.e a t m  a. of  an , .. nI  ~a ,, be ta. .r , a~ aina t ~~‘i in d i v i d ual
v Ice s AscIi to t a r t Ic ~..t. ir. sr.y or a .  of ti. a survey ,
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A. These equations were u8ed for the F-test to de termine

the a i g n i fi c a r m .’e of k ’ s

1. ~imt)1e .‘o.~el. ~~

_ ( r , —~~~~ 1, )~~~
‘ 

( B — i )

k (1— k 2)

k,r.—k— 1

2. Intt’raIt,jve ~~~

p (1. - K i ) H 2 
(B 2 )

k ( ~ —R
2)

I—’,, ~.‘k .n— k— ’l

where in both equa ’tionu

n — nU7.I ~sr of dec  jol . t~~~ ( i, ’)

k — r m m I r . ~~er  of Tre li ct ,r variables (e,
“ j r  the  s I~~J l t ~ n.oJ elp ..~1 for the
in terac t ive  r n o t h ’ l )

(‘... Or.t’ m) , ~~~~~~~~~~~~~~~ 19’7t .s133 134)

~. U f . ~m s  I:. each of the above equations .
R” is the  un kn own.

3. ~,pterac t iv~ V.~’r : ;  ~~ .~ rI ’.’ ~ ‘~~~
‘
~~~~ 1.

~ R4_ k 1 ’l)
F — I (B .-3)

( k 1— k .. ) ( 1 — R ~~)

I.’, F’k~~ , k n ~~k _ j

where

n — r , urEO er of decisions (32 )

k1 numb.”r of predictor variables in the
interactive mode l (21)
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k — nm..” I ’ r  o~ ~rudi ctor var iaL leu in thu
U I :r . ; ~~~ mo le I ( t )

t’.e i’m ’ of ti .’ individual ’ s in te r—
a ” t l v e ~.o d. ’ i

— t L t ’  r r . . i x l mum J 1~ f s.m re:~ce be tween  RI
I

miL l }( ‘ fu r  ~ t m I C t I  t r . t ~ s i m p le model
r~’rL ,t i L s ( 3 1 1 7 1  t f i c a : t

~~~~~~~~~ s k~ is d i f f er e : .t  f o r  e a c h  i n div i d u a l .

B. This equation ~a’4 um. ed for the t-test to deterrtir .e if a

difference existed between the  two formulated rLodels

(6 .2 versus c .3)s

( V  _ v )~~
, 

— )
T — ~1 ~ 

U~~ (~~ ...4)

ri
~ \ I —‘-—- “ —

N ~ 1

where

2.’ . .’ s’i t n ; l e  rt , .’Rri i t l a t i v e  weig~~t for
a t.i r t 1 cul ar fac:cr in the t .2 jru—
, ‘r ~~— i

t i e  cH:t i le .~oar~ re lative wei 1 ’ht for
i ; . t r t i c ~~lar  l’a L t o r  in the t .3  pro—
, r a m s

— the ;.uç.’ulatlo n rT1. ’ars relative wei~~rit
f r  a ;articular factor in the 6,2
r r s. .‘, r .vr.mj

• t h ”  pop ;~l~~t i on  mean r e l a t i v e  weltI ri ’t
f o r  a j a r t i c u l a r  f a c t o r  in the  b .3
pro ‘ram: s

fl
,1, 

— U t ’  r..n’r.~~er  1? ’ t ’ e s~amp le  popula t ion
of t ‘ . .‘ • 2 r ) r r ; i rr.1i

t h e  r . 41r .b”r in  t?.~’ sample popu la t ion
of t he  c . r~ rra’r,

(~ -1 ) .~~
‘ + (r.~ -1 ~~~~~~~

S — 1 1 • ( k ~- 5)
+ r.2 - 2

the :;arr.rle variance for the
8 art pie

(t ’ er i d en h a l l  and .,,chea.ffer , 197 3 s2 t3 5—2 t3 7 )
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NOTE s 
~
.1
l
— i1 ..

~ 
— U fo r the t est  use l

C . The ‘n t m r a l  s tr u c t u r e  of th& ’ ,;iir. ~~1e arid interactiv e

~ ode1s v.~i 3 s

5,  ~J.,,rr~~~e’ “~c”~”I

— * ‘ P 2 ) 1. , t +

+ p * ( B — c ) )

6. ~~t.~r~ ct~ v .: Th.de.I

‘~‘ i — 0 L) * ..
1X . 1 

+ 
~:“ i 2  

+ ~. A
13 

• 
~4 X lL e ‘

+ ~ ~ 7
A

11
A~ ‘ P . A 11 X 1 ~

+ _ * ~11.’.~ 1X j., ~

+ 

~~ 3
x 1~. /~~ ~l + X h l ~ 5x j 2 ,

~itj

~ ~~I b ~~1 4 X 1 ~ ø 1~~X~ ~ A
, 

+

~ ~
x i.+ ,\ i5 “ 2O~ l~.

’
~i~ l~~i5

X ic) (b—? )

wt .er e for ~. t t .  ~~~ . ~•‘ Iti

X 1. = L o m ; t - m c e r . .• l lt  ~.at1 j predictor variable

A j .  Te ’ I . n lc . l l Ver~ t ~redictor Variat. le

— ~~~~~~~~~ A v a i 1~i l l i lt ,,’ prt’iictor
V :,rl.t : ~~~~

— l 1 . k e l i L c o d  of ..uccess pr elict r
Var lat le

~~~ — I’ i~~e ~e ’r io d  prt’flctor variable

X~~ A i r  ~‘o r .e  N e e d  i .red ~~c tor  v a r i a b l e

x i1 x i~

— ~~~~~~~ Interactive predictor
varjatj .’s

A Ai5 i ’

- “ta  w e i g ht  for  the i th predictor
var ia L la
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A k 1 r .~aU 1~ C

t~~’ iX’ ~~~~~~~~~~~ Ai~~L~ .L.~LLi I r ’.’:. r~~~

A c ” ~ ~ i t ’t e  co :  ,‘ .j~~
’ t r . c  rc’,’re~~s5on ar.mi1 ~ ’ m.is Jru :ran’. used

to generate the H ’s, ~~~~ ~~~~~~~~~~~ and k e l a t ~ ve ~ e1~~t.tu fro t

the ird~ ’~idual Jec~~..;1on re~;~~ n~ieu is included in this apç .en—

di x .
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TABLE XXXIII

Air Force Need (6.3 Projectu)

Subjective He,’re6~ ionCase Weights Weight8 Differencs

002 .30 — .216
003 .20 .267 — .067
004 .15 .150 .000
005 .30 .406 — .io 6
006 .30 .330 -.030
007 .30 .467 — .167
008 • 4o .626 — .226
009 .30 •óe4 — .364
010 .30 .548 -.248
011 .~~0 .3’~9 -.099
012 .~ 4 .U5 — .225
01) .25 .7’~1 — .041

.30 .668
015 .2~ .73 1
016 .40 .462 -.062
31? • C5 • 0 c 3  — .003

.30 .503 — .203
01’) .25 .435 - .185

• ~5 . 3 Y j  — .02 3
021 •~~0 ~~~~~~~ -.049

.25 .e~•2 — .392
C .~~5 .:‘e)  .00?

~~ .15 . 2~.1 — .091
(i~~~~~ • iO .3 ~ — .007

•.~0 •i&4 .016
C2R .2~ .422 — .132
029 .50 •747 — .247
0)0 .20 .53 9 — .3)9
0)1 .25 .351 — .101

N~ AN • -.1520 •

~TD DEY • .1321
n — 29
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AH~END I X I

T-Teat ~~ ~~~ Con~rprh~QnJ L~
j ~fl.j Men~a&ement

Leve1~ ~~~~~ ~jvj~j~~ p

This appendix include, the test for both the 6.2 end

~~. 3 projects with respect to the management levels and di-

visions. Each teat had the following hypothesisi

H
0
i L

A ~~ 
- 0

where

and ~~ represen t the mean relativ. weights
of the management levels or divisions bs in~ com-
pared .

Reject  H0 
if  t > t /2 at the .05 l.v.l of signi—

f i cance.

tn_i a/2 ~~~ .025 • l.9b
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