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The research reported in this paper was performed in the course

of an evaluation of methods of long—range planning for Air Force Re-

search and Development. 1 am most indebted to Cu es Smith , who con-

tributed substantively to the design of the questionnaire used in

this study, to the selection and briefing of expert panelists , and to

the interpretation of results. The continuing interest and helpful

efforts of Ed Ojdana in developing and explicating this technique

are most appreciated . Particular gratitude is due other Rand Colleagues

who par t icipated in the experimental demonstration participatory pollin g .

This publication reports the results of a research experiment

intended merely to examine the feasibility and methodology of partici-

patory polling of experts. The results of the demonstration question-

naire relating to military findings are entirely Illustrative ; in no

sense do they represent Rand recommendations or opinion , and they do

not bear on or derive from Air Force policy . Instead , they reflect

the op inions , at the time, of a small number of Rand staff members who

agreed to participate in a polling experiment and who had some back-

ground knowledge of the top ic being considered. Similarly, the re—

search recommendation s set forth at the end of this paper reflect only

the personal views of the author , and do not necessarily represent

the views of others at Rand .
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I. BAcK (;Rot~~D

Everyone seeks and uses  expert opinion in virtuall y all walks ot

life. This applies to organizations and i n s t i t u t i o n s  as w e l l  as t o  in—

d iv idihi Is . Persona l and g roup decisions are often based on per cept ions

of expert consensus. With gr o w i n g  s o c i a l  complexit y and an a c c e l e r i t  i n g

tempo of contemporary social change , society is co mm i t t i ng i t se l t mo re

deeply to expert opinion for planning, prob l em—solving, guidance ar.d

reassurance.

1.1. The S c i e n t i fi c  Chal le~~~~~~ f E x e. r t~~~p~ nion

The old authoritarian roles of the past have been supplanted by

new technicians and specialists , the contemporarY experts for s oc i a l

affairs , who increasingly are called upon to dispense their expertise

by opinion and intuitive fiat , without the benefit of scientific c i i e c ks

and balances. This lag between authoritarian social practi ce based on

opinion , and scientific method based on empirical experimentation , has
• 

contributed to a kind of social schizop hren ia where science contr ibut e~
freely to technological affairs , and is indifferent to the working

basis of human decisions increasingl y determined by arbitrary use of

expert op inion .

S o c i a l  s c i e n t i s t s  have made m a l o c  strides in methodology and find-

ings concerned with human a t t i t u d e s , the psychology of j udgme n t , and

opinion polling. The h i s t o ry  of t h i s  development  has been c o e x t e ns i v e

w i t h  e m p i r i c a l  test  and a n a l y s i s  of i n d i v i d u a l  d i f f e r e n c e s  g o i n g  hack

to (;alton ’s pioneering studie s i c e n t u r y  ago . A r i go rous  e m p i r i c a l

methodology has evolved for psychometric techn iques and op in ion qt.es—

t i o n n a i r e s  i n c l u d i n g  t c s t i n g  t h e o ry  and  questionnaire design , it em

analysis , samp 1ia~, r el ia bilit y , quantitative scaling and scoring pro-

• c e d t i res , and rep i i c a h l e  v a l  i d a t  ion p r o c e d u r e s .  iii is methodology has

been app I I ccl to c o u n t  less app I led test a , and a code of approved e t h i  ca l

• and sc i e n t  i f  ic t ..~st I ng proce (lu res and pr l c t i c&s has been put ert h by

protess lona ls seeking hi ghest cont emp orarv st aiidard s to minimize Soc jal

abuse and en our ag e  soc i a l  acceptance , (e.g., American Psycholog ical



• \ s s u 1 . i t  ion , 1 t 4 ; a )  . S t ! ~: l  ar s t i u f i t d s  h a y  t vo l vt t t t r  s Ot  i i i  V X ~~’( ~~ I —

~
s : i  l i t  j O f l  .~ i t  h cr00  p r o c t I - s t i c  i 1 it i t  t 0 1  cc t 1 ye  e v a  I tat i on  o I

~~ cr o u p  dec is ion—m aking and c r o u ~ p r o b i t s — s o l v i t i r .

[h i s  i n t r a d u c t  ion is a i me d a t  t h i r e e  key I s s ue s :

I .  l n c r c , i s i n c  u se  exp el I o p i n i o n  ot  ill t Ypes i~~ e n d e m ic  a t

a l l  l e v e l  s on r sot i t t  v , t u n d a m i n t  a l i v  wi t h o ot  t ic b e nt - I i t

of St l en t  i f  I c  me t hod .

2 .  ~or v a r i o us  h i s t o r i c a l  r ea so n s , t h e r e  is virtuall y no ri g—

= o r o u s  s c i e n t if i c  w o rk  on t h e  n a t u r e  and extent ~ soc i i i

re I L a n c e  on expe r t  op in iot i  eve n t h o u g h  many re levuj i  t St i r i—

da r ds , p rocedu re s , and f i n d i n g s  hav e  been d e v e l o p e d  in r e —

l it ed  a reas .

~~. Ihe  s c i e n t i f i c  s t u d y  of  t h e  use  o t  e x p e r t  op i n i o n  is long

ov e r due , not  on ly  fo r the  bas ic  k iowledge it can p r o v i d e

on the  dynamics  of s o c i a l  d e c i s i o n — m a k i n g  and p r o b l e m — s o l v i n g ,

• ~ b u t  for  the grea t p romi se  of  s c i e n t i f ic  me t hod in d i s c r i m i n -

a t i n g bet ween mi suse  of expe r t  o p i n i o n , and more so c i a l ly

be n e f i c i a l  a p p l i c a t i o ns  o f  expe r t  o p i n ion .

1. 2 . Delp hi and E xp e r t  Op in ion

- The above issues  were deve loped  f rom a recen t  and e x t e n s i v e  r n  —

t i q ue  of the  d e l p h i  method  c o n d u c t e d  by the  a u t h o r  at Rand ( 1 9 7 5 ) .

• 
A l t h o u g h  the re  ire  many v a r i a t i o n s  of l)elp hi  t h a t  have a p pe ar e d  in t h e

literature , conventional l)elphi is basically an interative opinion

• questionnaire technique , with anonymous feedback after each Iteration ,

• .~~ appi  ied to  a panel  of e x p e r t s  u n t i l  “opt in ia l ”  consensus is reached

- among the  p a n e l i s t s .  Rand has been invo lved  in developing poiicv s c i —

ef lCeS  s i n c e  i t  f i r s t  appeared as a n o n p r o f i t  c o r p o r a t i o n  in 1948.

D e l p h i  was deve l oped it  Rand , l a r g e ly  by Helmer and I ) a lkev . S ince  a

w e l l — p u b l i c i z e d  s t u d y  in 1963 (Gordon and H e l m e r ) ,  i t  has spread r a p i d l y

in government  and i n d u s t r y ,  not onl y in th e  U n i t e d  S t a t e s , but  also

t h r o u g h o u t  t h e  w o r l d .  Ove r 1,000 I)e l p lii  s t u d i e s  have appeared in a



h i ghly d iver sified a p p l i c a t i o n s  l i t e r a t u r e . N e v i r t h e l e s s , t h e  D e l p h i

t e c h n i q u e  was 1 con t i no i ri g sour e  t of cont  rove r ay  i t  Rand w i l e  rt it was

t e l t  t h a t a c o m p r e h e ns i v e  e v a l u a t i o n  s h o u l d  he p e r f o r m e d .  As e x p e c t e d ,

t i i t  c-ia I oat  ion of  Del  p h i  a i so  t u r n e d  out  t o be ~ont  rove r s  i a I . The ma in

f i n d i n g s  o f  t h i s  eval ua t ion , r e l e v a n t  to  t h i s  st u d v , a re  out I f r i ed

be 1(1w .

De l ph i res p on ded to a dee p ly f e l t  need , pa r t  i c u l a r l v  in  c o r p o rat e

and governmen t c o m m u n i t i e s , fo r  an a p p a r e n t l y  r a t i o n a l , sy s t e m a t i c ,

easi l y u nde r s tood , f a s t , conven ien t , and inexpens ive  method to s o l i c i t

exper t  op inion and de te rmine  exper t  consensus in virtu all y an~’ area

of interest. The remarkable growth of this technique in widel y dis-

parate fields for many different types of users attests to growin g so-

cial needs for expert opinion . For example , in a survey of 65 corp-

orations , Hayden (1970) found that 69 percent of these companies used

expert panel techniques for assistance in technolog ical forecasting,

with 26 percent reporting the use of Delphi.

The review of the literature associated with Delphi indicated a

lack of interest in scientific evaluation of expert opinion on the

part of social scientists . For example , in economics , Zarnowitz (1965)

found tha t simple arithmetic extrapolation of the gross national pro—

duct from 1953 to 1963 was not significantly different from the average

accuracy of expert opinion in ei ght independent forecasts. Slovic

(1972) found similar results for various types of market statistics.

In psychiatric and psycholog ical diagnosis and prognosis , Hersch (l~~69),

and Goldberg (1968) reported basicall y negative and contradictory find—

ings in professional clinical opinion studies. In applied psychology ,

Thorndike (1949) reported extensive World War II experience demonstra—

t ing th e  s u per  m r  it y ))f  s t anda rd  Lze d p a p e r — a n d — p e n c i l  tests over pr-

f es s ion a l  o p i n i o ns  ot  i n t e r v i e w e r s  in l a rg e  m i l i t a r y  t r a i n i n g  p r o g r a m s .

There  we re no systematic , continuing studies of expe r t  o p i n i o n  in

Bere ison and S t e i n e r ’ s (1964) inventory of f i n d i n g s  on human behav io r ,

or  in the  I n t e r n a t i o n a l  E n cy c l o p e d i a  o f  S o c i a l  S c i e n c e  ( S i l l s , l % 8) .

These c i t a t  ions  s u p p o r t  t he  e a r li e r  a s s e r t  ton of a l a c k  of i n t e i t s t

In s o c ia l  Sc i ence  f o r  st u d i e s  of expe r t  o p i n i o n , and h e l p s  e x p l a i n  t il t

- ~~~~~~~~~~~~~~~~~~~~~ _____ -



c i t - i t  no pul:t r i tv o~ lt - l p hii I S  . 1  )st )I (1 )— s (jeu c t !  I c  technique in I l l  jug

t h i s  V0 o f

On t h e  m e t  f i od o l tg i c -a 1 s i d e , 1 i - l  t r  (I l i ~~) I h a s  r e v i e w e d  t lie • i d V l l n —

t l lg e s  ai i t l i n i i t a t  i o n s  ot  v i r i a t  I ’Tis o t  t i ~ rna i l e d  qu e s t  it t nn ai r c ver su s

t i c e — t o — t  11) - c  i n t e r v i e w s,  l i t  has  c o n c l u d e d  I I I  I t  r i go i uc- - ~ 1.-c t Ic

m e t h o d s  a r t  p r o h a b i  v the prefer i t - ~~~~~~ t o  t e l  lie b r-s t of  both worlds

(~~~~. ~~. , ru s t a t i s t  i cal dat i and s ot  t ins i p h t  5 ’ )  . His p r u o t I or

‘ g ro up  ! t- e d h a t  k analysis , ’ based oIl 3 t ’- pt- of i t e r i t I v .  p o l l i n g ,  is ,

like Delphi , a p r e c u r s o r  of  t h e  p a r t  i c i p i t o r v  p o l l i n g  t e ch n i que de-

s) r i N ed  in this p a p e r .

t h e  a u t h o r ’ s eva l t i a t  ion  of Del ph i led to a r e c o mm en d at  ion that

except  as an e x e r c i s e  f o r  i n f o r m a l l i e t i r  St  1C p u r p o s e s , conventlon il

De lph i  shou ld  he dropped f r o n t  i n s t i t u t i o n a l , c o r p o r a t e  and gt vcr n men

use un t i l  i t s  p r i n c i p l e s , met hods , and f u n d a m e n t a l  ap p l h  - i t  ions  can

be e s t a b l i s h e d  as s c i e n t i f i c a l ly  tenabl e . The d i f f i c u l t i e s  in  t h e

sc i e n t  I f i t  use  of De lph i  a: common to  most  procedures i nvo l  v l u g  e~ :-

p e r t  op i n i o n .  These are  ve ry b r i e f  lv  m e n t i o n e d  t t  i l l u s t r a t e  key

me t hodo logical  prob [ems in t Ii is  : tr e - i

There are a ~- h o I e  s e r i es  ~ i s sues  r e l a t ed  to the  d e s i g n  and i -

velopment of q u e s ti o n n a i r e s  a p p l i e d  to experts. The questionnaire

should  be based on a t h o r o u g h rev iew of the  r e l e v a n t  l i t e r a t u re  and

on some fo rm of c o n s t r u c t  validity for the  p a r t i c u l a r  area be ing  i n —

v e s t iga ted , and should  r e p r e s e n t  systematic sampling of items w i t h i n

t h i s  a rea .  The c u es t  i o n n a i r e  should undergo pilot testing and item

a n a l y s i s , u t i l i z i n g  s t a n d a r d  s t a t i s t i c a l  p r o c e d u r e s  to  weed out  . in r e—

- 
‘ 

• 
l i a b l e , i n v a l i d , and r e d u n d a n t  i t ems . Such safeGuards fo r  i t e m  r e l i —

a b i l i t y  and v a l i d i ty  were r a r e l y  followed in Delphi studies.

A n o t her  s e r i e s  of i ssues  was r e l a t e d  to t h e  s e l e c t  ion  of e x p e r t

sa m p les .  As in any r e p l i cab l e  t e s t i n g  e f f o r t , sample parameters need

• I, t o  he i x p i i c  i t  1” s t a t e d  in plant I t - i t  ive  f o r m , Inc  h i d  ing bas ic  m t  orni—

ion St l ( ’h l  as age , sex , Soc b —eco nomic St  at u s , e d t i c a t  ional  l eve l  , p r o —

fo ss  ional  t r a i n i n g  and expe r i ence , and spec i f  i t -a t  ion of t he  m l  I c c  t Ion

of s k i l l s  meet in g  operat i on t i l  d & ’ f l n i t  l ori s that (list l n g t i i  sh e xperts

f r o m  non t ’xp er t  ~ . Th~~~ r e q u i r e m e n t s  were v i  r t  u a l  I v  I g n o re d  I n  expert



I ~ s i m p i i n s  pr ocedtit t u  i n  De l ph i  s t u d i e s , and i n  m a ny  I S I S W e r e  d - l i h e - r —

i t  e l y c m i  t t o i l , hi at orclant e w i t  h i the Delphi requi r e l n i - I l t  o r  a : i on v m i  I V

o t  r r s p o n d e n t s .  I f  t h e  e x p e r t i s e  of panels is not  s p e c i f i e d  and m e a—

sti red , r e p l i c a t i o n  is i m p o s s i b l e .

Then t h e r e  ar e  a v a r i e ty  of t e c h n i c a l  is sues  I S S O C  L a t e d  W i t  it  t I c

use of ex p e r t s  in l)el phi  and i n expe r t op inion  s t u d i e s  b r o a d i  c l a s i d —

e red .  A c r u c i a l  q u e s t  io n is w h e t h e r  the “ex pe r ts ” r espond to q u e s t i o n s

in i manner  d i s t i n g u i s h a b l e  f r o m  nonexp er t s .  There  is a s i g n i t i c a l i t

e x p e r i m e n t a l  l i t e r a t u r e  i n d i c a t i n g  tha t , for complex and wide—rang ing

soc ia l issues , p r e d i c t i o n s  of t ea t-hers  are the  same as students

(McGregor , 1938 , and C a n t r i l , 1938) ,  s h o r t — t e r m  f o r e c a s t s  of more know-

led geable ind iv idua l s  are not any b e t t e r  than  those less k n o w l e d g e - a b l e

(Kaplan et al , 1950), s h o r t — t e r m  economic f o r e c a s t s  of more experienced

professionals are indistinguishable from those less experienced

(Cam pbell , 1966). Reismam et al (1969) found similar Delphi results

between experts and laymen in estimating the value of social servi es .

and Bedford (1972) found t h a t  housewives gave virtually the same re-

sponses as professionals in forecasting teleconnnunication services for

the home . These and related results suggest that the burden of p roof

be placed on the investigator to demonstrate that his sample of ‘ ex-

perts ” can provide opinions significantly and usefully better than the

op inions of nonexperts.

~~~ 

Other technical issues include safeguards against expert ha lo
- 

- 
effects. “Experts ” are subject to group suggestion , including overt

and covert manipulation of opinion by investigators , as demonstra ted

many years ago by Sherif (1936) in his experiments on the autokinetic

effect The iterative Delphi procedure , aimed at group consensus , is

quite similar to social psychological techniques developed in studying

g r o u p  c o n f o r m i ty , rejection of deviant opinion , and deindivid ualizat ion .

a]  I of wh I ch have been shown to be counte rproduct ive in influen cing

t u e  quality of group decisions .
- 

-
~~~ Anonymit y In expert group process can c o n t r i b u te  to  p e r s o n a l  r im —

accomi ntah II it y on t h e  part of he p a n e l  , t h e  i n v e s t  igator , and the li St r

of r , t -iiil t i . An onvmit v and asso - i t i t e d  u n i t  coun tabilit y in expert san—

p h  I n g  p r o c e d u r e s  can lead to c h i t  i sm  and d e l i b e r a t e  m a n i p u l a t i o n  of



— t i

re su lts t ,  s i t i s t v  vt ;t  m d  la te rests . A r e c e n t  De l p h i  s t u d ’  t t - ~- rt t- i

h v  B r o it t i r  ( }~~~3 ) in  f l i t  \ cw ~~~ik~ - i  i l l u s t r a t e s  t h i s  p o i n t .  - 1 1 0 1 s t

i l l of t lie panel a I d i  c a l  e x p e r t  s——to assess t lit- max I ut iu n -  a I I owi hi e

f e - e l  01 t5hts t o~ Part i - i t s  t o  avoid asbestos— Induced cam t-r—— w ere

seltu t i ’d from t h e  r inks  of p i i d  rl, Iiica l c O f l s U l  t i n t s  f o r  the asbestos

jnd s1 r . ~ c i en t  1 st  i r t -  needed t o  d c v e l u p  t e c i c n i ) ; u e - i - l  and 1 i p r o v e

standards f o r  t h e  use of  e x p e r t  o p i n i o n  t c  m i n i m i z e  such c h i s t - s  1

the puh i I t - i n L r - r e s f

An a d d i t i o n a l  c l u s t e r  of i ssues  is concerned  w i t h  e x p e r t  b c f I 1 v —

loca l i i ’ i t s  l e a d i n g  to expe r t  o u t p u t s .  Ava ilabl e e v i d e n c e -  f rom i tt -l td I

s t u d i e s  r , - vea l s  sn a p p y  “ expe r t ” answe rs to ambiguous  q u e s t i o n s . Re-

sponse t i me to i n d i v i d u a l i tems on l e n g t hy  q u e s t i o n n a i r e s  m a y  f r e q l c r i t l v

he less  t h a n  10 seconds , i n c lu d i n g  t i m e -  f o r  read ing and r e- o r d  i~~~ an-

swers . This r t ’pe of v i r t u a l l y  i n s t a n t a n e o u s  i n f o r m a t i o n  pro t - - 
~~~

h a r d l y  the  bas is  f o r  reasoned and ba lanced  e x p e r t  o p i n i o n . Yet , u~~- i i d

e x p e r t s  in a h u r r y ,  r e i n f o r c e d  by reassurances  f r o m  j a r - s t  i g a t o r s  t h a t

responses to  q u e s t i o n n air e s  r e q u i r e  very l i t t l e  p e r s o n a l  t i m e , c- in g r i n d

out  responses at a ve ry  rapid  r a t e .

Expert  behav m r  needs to he d i r t - c t  lv s t u d i e d  and a n a l v l ~r-d in  i t s  —

own r i g h t , i n c l u d i n g  personal  i n fo r m a t i o n  p r o c e s s i n g  p r o c e d u re s , t ime

and mo t ion studies , types of da ta bases used , and o n — t h e — s p o t  b e h a v i o r a l

protocols , i f we a r e  to  d e v e l o p  1 -o u t id e n c e  in at least some ~orms o t

expert op inion . Expert thinking need not be regarded as an intuitive

bl ack box , inaccessible to scientific analysis.

Compounding these difficult ies are amorphous questionnaire items

w i t h minimum qualification of terms , baseline data , or background con—

ditions and assumptions. As such , they often represent inkblots that

permit experts to pro ject many different scenarios and types of inter-

pretations which make for noncomparable responses with runaway in—

creases in error variance.

This sutunary of the difficul ties in obtaining scientifically re—

liable and valid Delphi results ap p lir -s directly to research in expert

opinion broadly considered , and indicates some of t h e  d i r e c t i o n s  nec—

esslrv fur much more r I gorous r e s e a r c h .  The Ut I p u u t  e x p e r i e n c e-  h i s

—— t• —~~ ——---—.- ————— —.——-— — - —  —
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b ee n e x t r e m e ly  u s e f u l  in  pol~ I t ~ in g  lip p i t f a l l s  and I im i t a t i i i -  in  s i r —

messing expert o p i n i o n  and moving on to  more  demonst  r ab  I - v p t  ‘ 1

- cedures for more reliable and va lid results .
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‘F l i t  i le~~- i o r  t h i s  s t l i c i v nra - s , I l oin t w o  s o ur c e - s .  F i r s t , counpre-

he- cs i V t  i cy  1ev o f  A i r I ’ m - c -  -uid i u d m i s  t c i i i  p r a c -  t i c m - s  i n  I on c-- r a n ~ ’e i<b ~ I

p1 anti ing i ntl i c i t  c d  that t h e  most  d r - s i  r i b  le  and I - - a - I  i i i  1 v~~c-s  C ’ p l a n —

n i r i g  r t q u u i  ri s l l h s t  an t  1111 p a r t  i c i p at  io n  of teclin i - il  m - x i - e r t  s , p l a n n e r s ,

m d  dec is ionm ak t -rs i i i  se t  i s  i t  i n g  t h e i r  a s s u n ij l t  i o n s , -al I l t S , a n d  op in—

l o i s .  secon d , cu r r e n t  t e e - f l u  i l l ’ s m u  o b t a i n i ng  s u c h  i l i t ) i i t  S , s t i  ii i s

De lp hi ! , as d es cr  ibm i m a r l  i - c , s t i l t  m r  1 ron n um er ot i s  cad  s m - v t - r e  I m i t t —

t ions t hitt net- i 1 Nt  O V m I 5 ’ O I r . I n  rei-;panse t o  t l i , i~e l I e -- i - P S , t l i e  I c 11

niq l i e of p a r t i c i p a t o r’- j ) o 1 1  ing  was  d c-vr-l opt- d f o r  a p r o t - t  vp c  t r i l l

vii  i c h  coi l s  t i t ict e s t h e  Is is  is of  t h u l  s st l i v .

th e de~~ i gn of Ii new t t - c h n i qu e  f o r  e x p e r t s  was  based on t h e  ei gh t

- - object i ve s  l i s t e d  b e l o w .

I .  E x p e r t — i n t e r p r e t e d Op i n i o i u .  al - t a i m  — i v s t e m a t i c a l l v  i n t e r p r e t e d

o p in i o n  f r o m  e x p e r t s , p o l i c y  m a k e r s , and other selected popu—

lations in specified areas of i n q u i r y .

2. Balanced Adversa~y Procedure . Determine level of observed

consensus  and i d e n t i fy  p o l a r i z a t i o n  of a t t i t u d e s , in a bal—

~in c e ’d  a d v e r s a r y  a p p r o a c h  t h a t  p r o v i d e s  equa l t r e - - t a c I t  f o r

i l l  a r t  ic i p a n t s  w h e t h e r  t i l e - v  e l i c i t  c o n f o r m i s t  or o ut i  i c r

r e s p o n s e s .

3. ~ ima re d K n o w l e d ~~t o f  Resu l t s .  P r o v i d e  s h a r e d  op i n i o n s  in t l

su p p o r ti n g r a t i o n a l e  through itera tive ex p o s u r e  of  r e s u l t s .

-..  Grou2 D a t a  R ase .  Develop a data base of pooled group op inion.

5 P irt i ipat ory~~~ v i l u i t  ion -,o 11 1 t it t i~. p ir t 1 c i ~ it  io n  o f

E s u b ) t - c  ts  to  o b t a in  e v a l u a t i o n s  and exp i anat  ions  o f  expressed

o t n i on  t h r o u g h out  t h e entire s t u dy  cvc i t - .

6. F fm - xi ble Anonym~~y. Participants generally remain individ—

ua l  I y anonymous in i t e r a t  ive r esponses  t o  t h e  St r u u c t u r e d

quest ionna ire t o  m i n i m i z e  undue i n f l u e n c e  a s s o c i a t e d  w i t  hi

pe r son a l  ha lo  e f f e c t s .  However , depe n d i n g upon  exp l i c i t

a gr e e m e n t s  set omit prior to the m i t  l i t  Ion of the inq uil rv

1.1
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d i re t - t interact ion b it w em en p a r t  or all c i  t h e  group may he

tie-signed into the t e c h n i que  w i t h f u l l kn o w le d ge  of  t h e ’  en-

t i r e  g r o u p .

7. ~c im ’nt ific Standards . ~I e e t  established scientific standards

I or ques t  ion u a i re dev e-- l o~~ iie -~~ and u s c -  in  an l i e - r a t  lvi -  e -xper  i—

m e n t a l  s i t t i n g  w i t h  s e l e c t e d  p a r t u - i p a n t s .  H e u r i s t i c  exer-

c i ses  shio ulti be c l e a r l y  d i s t i n g u i s h e d  f r o m  iorma l , experi-

m e n t a l  studies .

8. Cost—Effective Techn iqpe. Develop a v e r s a t i l e, c o s t — e f f e c -

tive technique that builds upon t he  lessons  of the  Delph i

experience ’ and related areas for a substantiall y improved

method for systematicall y eliciting participant—interpreted

op inion .

Given the above eight objectives , the new techni que was described

as participatory polling, in recognition of the contribution of expert

participants in generating, explicating, and evaluating their own opin-

ion , and the opinions of others. The immediate objective of this study

was to appl y this new technique , i c r  the f irst time , to a substantive

A i r  Force  pol icy area in long—range  p l a n n i n g .

The se lec ted  area was A i r  Force R&l ) planning for the c-lose air

support  miss ion , it was felt that t h i s  p l a n n i n g  task was n e i t h e r  too

broad (as with , for examp le , st ra t e g ic Air Force planning) nor too

h i g h l y  s p e c i a l i z e d  (as w i t h  advanced e l e c t r o n i c  j a m m i n g  coe int er n ea—

‘ai r e s ) .  The s t a t e m e n t  of the  s t u d y  prob lem is es sen t i a l ly  the  m i —
- 

- 
t ia l  e x p l o r a t o ry  appli cation of participatory polling to long—rang e

A i r  Force R&l ) p l a n n i n g  o b j e c t i v e s  f o r  t h e ’  c lose a i r  suppor t  miss ion .

Time n e x t  Sec t  ion desc r ibes t h e o p e r a t i on a l p rocedures  developed to

-
‘ implement this prototype demonstration of participato ry polling.

1~’

~~~~~~~~~~ -



-

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

-

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

- IS--

I . ‘k t t c l I I I ! ~ ’

Me thodo logy  :overs  t h r e e  b a s i c  areas : o b j e c t i v e s , q u e s t i o n n a i r e

desi gn , and experiment il design. Objectives refer to the scope and

procedural goals of t h e  s t u dy ;  e x p e r i m e n t a l  des ign  refers to em p i r i c a l

procedures , performance measures and formal hypotheses tested by st i-

t i s t i ca l  t e c h n i p t e s ;  l i e s t i o n na i r e  des i gn covers definition of the

domain of i n q u i r y  and i t s  t r a n s l a t i o n  i n t o  f o r m a l q u e s t i o n n a i r e  format.

Each of these t h re e  i r c i s  is discussed be low .

3.1. Methodoj~~~ici1 objective s

This study was conceived as an exp lora tory investigation of parti-

cipatory polling c o n d u c t e d  in the’ spirit of a prototype demonstration.

This informa l effort is not put forth as a formal experimental stud y

in its own rig ht. ~ii i e~ m a i n  me t h o d o l o g i ca l  o b j e c t i v e s  are to explore

the feasibility, acceptabilit y , credibility, and gross cost—effective-

ness of an initial appli cation of partic ipatory polling.

Secondary methodological objectives involve exploration of the

nature and dynamics of expert op ini on in this prototype study se tting.

These include such characteristics as individual differences between

experts , areas of relative agreement and disagreement , reasons fo r

opinions of fer ed , and the types of adversary positions developed in

response to the iterative polling procedure.

A third gro up of metho dological objectives is concerned with psy-

chometric characteristics of participatory polling in general , and for

t I l l S  questionnair e in particular. These include considerations of test

reliabilit y , various aspects of test validity, approaches to item analy—

and s p e c i a l  hy p o t h e s e s  un ique  to t h e  pro - e d m i r e  such as opini on

m i l i t u g e s as s o c i a te d  w i t h  i t e r a t i v e  a p p l i c a t i o n , and t h e  r e l i a b i l i ty  of

r ;c t I ng s  or reasons supp ort ing  e x p r e s s e d  op i n i o n s .

The f i n a l  g roup  01 m e t h o d o l o g i c a l  ob jec t ives  is concerned w i t h

illus trative findings for long—range Air Force p lanning. Such objec—

tives involve the perceived value of the participatory polling exercise

in facili tating plann ing, orde r ing priorit ies , generating insights ,

and organizing th e domain of inquiry In a ra t ional , consist ent manner

for the pol icy—maker. The goal of these objectives is to determine

~~~ ~~~~~~~~~~~~~~~~~~~~~ _ _ _
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whether follow—on developments are desirable , and if so, the form and

directions such developments should take . Thus , the b8sic goals of

this stud y are illustrative and methodological; in no sense was this

study desi gned to arrive at substantive policy reco~~iendations for

long—range Air Fo rce planning for the close air support mission .

3.2. Questionnaire Desi gn

Wi thin the framework of the eight objectives of participato ry

polling cited earlier , th e basic task in questionnair e design was to

develop a logical set of items that would encompass operational requi m e_

merits of the close air suppor t mission in a systematic manner. These

questionnaire items would have to be suitable for submission to an ex-

pert panel to soli cit their opinions and supporti ng reasons in a bal—

ariced adversary setting. This task is fundamentally a problem in con-

tent and construct validity for questionnaire desi gn. Content validit y

is concerned with defin ing the domain of inquiry , and with representa-

t ive sampling of items to cover the domain adequately in the final ques-

tionnaire. To take a simple example , an achievement questionnaire on

world geography should not be exclusively concerned with countries only

in the Nor thern Hemisp here . Cons truct validity is concerned with the

theories , hypothese s, and concepts concerning the substantive domain

(the close air suppor t mission for R&D planning).

Basically, the scheme developed by Smith was to log ically parti—

tion the range of possible scenarios for the close air support mission

in accordance with five categories. These include three environmental

an d two ope r at ional  c a t e go r~ os.  The env i ronmenta l  v a r i a b l e s  are ty p e
- ,~ o f war (NA T O versus  T h i r d  - \ r e a ) ;  v i s i h i l i t \ -  c o n d i t i o n s  (clea r day ver—

sus r e s t r i c t e d  v i s i h i l l t v l ;  fun d  t y p e  of penetrat ion (manned penetra—

t i o n  versus  n o n p e n e t r a t i o n , e .g . , p i l o t e d  a i r c r a f t  versus  r e m o t e l y

piloted vehicle). The two operational variables include finding the
4”

target (fixed versus mobile targets); and cop ing with defenses (guided

weapons versus guns).

Not e  that  eac ’ h u  a t  t i m e  f i v e  c lo se  a i r  suppor t  ci egi’ r i C’s a r e  d i —

chi (’tc ,m lzed , ma king a maximum possible total ci ~~~ or  ~2 l o g i c a l

~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -
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COcI S i[ILL L i m ’ ~ l :~ -4hcre c i t  ~c “ ,-~ena r j U  c m ist it U t  es  a S i n c  Ic q u e s t  i o nn a l  r e

i t e m.  i l m - c  i t e m -s concerned  w i t h  su r v i v a l o t u n m n t n e - i ,‘c h i cl e s  -~- t r e  no t

considered as critical as the other items , and were consequently dropped ,

leaving a total of 24 items f or  the questionnaire ’ . -~or example , the

first item of the questionnaire was a close a ir  s up p o r t  m i s s i o n  w h i c h

required “c o p ing  with m i s s i l e s , in a NATO war , on a c l e a r  day, w ith

manned penetration .” The comp lete listing of the 24 questionnaire

items is shown in Exhibits A and B , including defini tion of term e ,

supporting r at i o n a l e , and s p e c i f i c a ti o n  ot the  r ange  of s c e n a r i o s  in-

cluded .

The object of the first round  was to o b t a i n  i m p o r t a n c e  r a ti n gs

for  e,-ich of the 24 i tems t rom each e x p e r t  in the  panel , and tne “main

reason” for the importance rating given , typically in the form of a

sing le phrase or -centence. The four—step importance scale ranged frcm :

0, unimportant; to 1, marg imally important ; to 2, important; to 3,

very important. Complete irstructions for the first round are shown

in Exhibit A .

in the second round , participants were given the same question-

naire with feedback , approxiaatelv one month after the first round .

The f eedback  in t imi d e d  the  fo i l o w i n g :  d e s c r i p t i v e  s t a t i s t i c s  on g r o u p

re sponse to the first round (1-cean and standari deviation of importa n ce

ratings for each item including the frequency distribution of ratings)

and a list of three to five reasons for each i t e m , including “ pr o ” and

“con ” adversary positions derived from first—round open—end responses.

The experts were asked to provide new ratin gs for each item base d on all

available inf orma tion f r o m  the expert panel , and to rate the importance

-

~~~ 

of each of the listed reasons shown for each item. This procedure en-

sured examination and consider ation of the reasons and ratings of f e r - l i

by others b efore second—round rating s were entered fo r  the final re—

suits. Thus , the second round provtded final item ratings and evalua-

t ions of first—round reasons. Exhibit B includes the complete second—

ro und questionnair e , show ing detailed instructions , f irst—round feed-

back , and adversary reasoms for ratin~zs.

~
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3.3. Experi mental Procedure

The experimen tal proced ure is discussed under three categories ,

.ubjec ts , ques t ionnaire adminis t ra t ion, and statistical design . The

subjec ts refer to the Rand expert pane l , t est administration includes

preparation , brie f ing, and written instructions for the participants ,

and statistical design includes basic experimental design arid explora-

tory statistical testing.

3.3.1. Subj ects. The subjects were 10 Rand professionals , all

with extensive careers in the analysis of military problems . They

were personally solici ted on a voluntary basis by their collea gue ,

Giles Smith, who is principal investigator of these Project Rand studies

on long—range Air For ce planning for research and development. No

formal sampling measures we re obtained as to education , years of exper-

ience , type of experience , or other population parameters in view of

the informa l , expl oratory mature of this preliminary study. Forma l

experimen tal studies should h.~ve full da ta on expert sampling charac—

• teristics relevant to the study setting.

The subjects were solicited by way of an initial telephone request

and a group meeting. At the group session , lasting approximately an

hour and a half , the background of this Project Rand study was reviewed

and Instructions for the questIonnaire were discussed. All panelist s

had ample oppor tunity to raise any questions they wished , or to decline

par ticipation in the study. Only a few declined. For the basic obj ec-

tives of this initial demonstration , the obtained sample of 10 ex-

per ts is sufficient.

3.3.2. Test Administration. During the initial briefing , con—

siderable t ime was spent on defi ning the close air support mission as
- specified by the questionnaire items , and fielding any questions raised

by the panel. (See Exhibi t A for specification of the item scenarios ,

and the rating scale.) We felt that this discussion was essential for

understanding the ground rules of the substantive military content of

the questionnaire , and for st imulating motivation among the respondents

by enco urag ing them to partici pa te personall y in the ini tial open dis—

cussion. Mo tivation was also enhanced by indicating that full results

in the final report would be made available to all participants.
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The cr ucial Import ance of providin g written reasons for each mis-

sion rating was heavily stressed as the unique characteristic of this

study. Verbal justification of each first—round rating was mandator y ,

not optional. These open—end responses provided the basis for the

adversary reasons supporting the spread of observed ratings for each

questionnaire item. (These reasons are listed in Exhibit B for the

second—r ound questionnaire.)

Althoug h the group meeting made total anonymity impossible since

each member of the panel knew who the other members were , we never the-

less retained basic anonymity of individual responses in pooled group

feedback. Thus , altho ugh each individual was aware of his own quan-

ti tative and qualitat ive responses , he did no t know how any other par—

ticular individual responded unless he was sufficiently motivated to

inq uire on his own . We had no objections to any participant putting

in ex tra time and effort to compare his own views with those of others

if he so wished , primarily because we bl lieved that more discussion

would generally lead to more useful and thought ful op inion .

A t the briefing, and in the written questionnaire instructions ,

it was emphasized that this exercise was aimed at a balanced adversary

process for the full range of expert opinion as opposed to deliberate

genera tion of consensus . The justification for this approach was our

belief tha t the policy maker should have the benefit of the full spec—

trum of adver sary positions and supporting rationale in arriv ing at

his own decisions. Accordingly, in contras t to alternative techniques.

such as conventi onal Delp hi , the experimental procedure treated all

panelists equally, whe ther or not they were “mavericks” or “confor m—

4 
, ists.”

The second round of the questionnaire was administered approxi-

mately one month after the first round . This was about the minimum

interval possible because of “stragglers ,” and the requirement to

analyze statistical and verbal responses for second—round feedback

af ter all par ticipants returned their completed questionnaire. The
* -,

analysis was facili tated by keypunching all numerical and verbal data ,

storing the data on magnetic tape , and selec tively printing out
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specified subsets of data as required for the analysis. Even with the

small sam ple of only 10 subjects , computerization greatly facilitated

all Analyses compared to cumbersome manual sorting and shuffling through

the original questionnaire forms .

The second—round questionnaire was handled entirely throug h inte r-

office w .ail a t Rand and did not ‘equire any special brie fing. The

instruc t ions requested that each participant rate the various reasons

offered b y the panel for each item and then provide his own final rating

for the item . In addition , an “Overal l Questionnaire Evaluation ” form

was filled out , providing vario us types of information on reliability,

validity , and probl ems with the questionnaire . Opportunity was pro-

vided for additiona l comments , if desired , for individual it ems and for

the overall questionnaire. Individual anonymity was assured for the

second as well as the first round . A copy of the panelist ’s complete

first round questionnaire was made available for reference purposes

in working on second—round responses. See Exhibit B for the complete

second—round questionnaire.

3.4. Statistical Design

There are two types of statistical analyses that were planned

for this exploratory study . The first covers various types of descrip-

tive statistics pertinent to this two—round exercise. The second is

concerned with special statistical tests constituting the experimental

design of the study and item analyses of the questionnaire . Each is

discussed in turn .

3.4.1. Descrip tive Statistics. The basic descri p t ive stat is t ics

refer to results for items , reas ons , and overall evaluation . The de-

scrip tive statistics include means and standard deviations for impor—

tance rat ings for each of the 24 questionnaire items for the first and

second rounds. For panelist reasons , the descriptive statistics itt —

d ude means and standard deviations of ratings for each separate reason

listed for each of the 24 items for the second round. These varied

from three to five reasons per item. For “overall eval uation ,” the

descrip tive statistics are raw score frequency distributions for the

T ~~~~1T~ ~~~~~~~~ 
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three objective items in the evaluation portion of the second—round

questionnaire . All of these three types of descriptive statistics

are found in Exhibit B.

3.4.2. Special Statistics. Special statistical tests were app l ied

to the basic experimental desi gn of this study and to various aspects

of test reliability. The experimental design is concerned with three

key var iables in participatory polling: 1) subjects (S), 2) ro unds

(R), and 3) ite ms (I). In this study there are 10 subjects , 2 rounds ,

and 24 questionnaire items. Thus , thi s experimental layout can be

tested by a three—way analysis of variance , S versus R vers us I, with

one observ a tion per cell. Subjects are not pooled together because the

analysis of diff erences between experts is of major importance in its

own right. This statistical desi gn provides tes ts for the three main

effec ts (S, R , and I) , and thr ee interaction effects (SR. SI , and RI).

The three—way interaction effect (SRI) is used as the error term in

de termining statistica l significance. Thus , the bas ic experimen tal

desi gn permits tests for differences in ratings between subjects , rounds

and items , and for second—order interactions between these three vari-

able s.

Two types o f ques t ionnaire reliability are examined by addit ional

sta tistical tests. The first is a straightforward test—retest reli-

abili ty between the first and the second round. Specifically, the

ratings of each expert for each of the - 24 items on the first round is

correla ted against the same rating s for second round conditions approx—

ima tely one month later. This procedure provides one type of test—

retest reliability for each of the 24 items .

The second reliability te st is concerned with reasons put forth

in support of importance ratings for each item . The hypothesis is

that experts will generally be able to discriminate some of the reasons

as being more impor tant than other reasons for a given mission scen—

ario item. If this is the case , t hen the mean importance ratings for

the various reasons should be signif icantly different from each other

according to an analysis of variance test separately conducted for

each item.

1~~ ‘ -
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In closing this section , it should be noted that the various de-

scrip tive statistics and special statistical tests comprise a framework

for formal item analysis of the questionnaire . This item analysis in-

cludes tests of concurrent validity throug h measures of internal con-

sistency, and tests of item reliability.

— . a—.  . - -. ‘- .— ¼ .. —- - -

- -~~~ -- -~~~~~~ . - - - -~~~~~~~~~
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The results essentially cover first—round versus second-round

outcomes , analysis of variance findings , and open—end evaluations ,

treated in the same order. As mentioned earlier , Exhibit B co ntains

first—round and second—ro und descriptive statistics , inc luding means

and standard deviations for all 24 items , and for all listed reasons in

support of item ratings . The reader should refer to Exhibit B which

lists these results in the questionnaire context.

— c .l. t omp a r i son  ~‘t 1~i rst — R o u n d  V& - rscI - l seco nd—Ro und Ra t ii~gs

Table 1 compares importance rat ings for the first and second rounds

in rank order of mean item r~it ing- . That is , the highest rated item

is at the top and the lowest (for the first round) is at the bottom.

The rank ord er for mean item ratings is separately shown for the two

rounds. (Tied means were randomly assigned successive ranks.) The

standard deviation associated with each mean item rating is shown in

parentheses in Table 1. The las t column in this table is the product—

moment correlation of ratings for round one versus round two for the

10 subjects for each item .

Thus , the first row in Table 1 is read as follows : “Finding mob i l e

targets , in a third area war , on a clear day , for a manned pen etration

mission ,” was t h~ item—scenario that received the hig hest importance

ra ting for close air support R&D for both rounds; the mean of 2.6 for

round one and 2.7 for round two is closest to the top category of the

rat ing scale , “very important ,” which is a ra ting of 3. Note tha t the

standard deviation substantially decreased from round one to round two

for this item (from .70 to .48). Note also that the test—retest rel i—

abili ty for this item is a Pearson product—moment coefficient ot .92.

Several charac teristics of Table 1 are noteworth y. A quick scan

of rank order of mean ratings from round one to round two indicates

rather close correspondence. The Spearma n rank—order correlation be—

tween round one and round two is .92 for the 24 items with a st2ndard

error of .04, indicating a very high and reliable stability of ratings

fro m round one to round two . 

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



Table I

P~AN 110’ORIANCE RATISGS FOR CLOSE AIR SUPPORT ITE MS FR(~I ROUND CR~E TO ROUND NO

Rank Order Mean Rat ing s
First Second Fi rst Second C orrelat ion

Item Rou nd Round Round R o un d  
- 

P1 v g .  P2

Finding Mobi le Targets: Third Area , Clear Day, 1 1 2.60 2.70 .92
Mann ed Penetration (.70) (.48)

Finding Mobile Targets: NATO War , Restric ted 2 3 2.50 2.60 .91

V is ibil ity, Manned Penetration (.71) (.52 )

Coping With Mis siles: NATO Wa r , Cl ear Day , 3 2 2.40 2 .60 ~8O
Manned Penet ra t ion - - 

(.70) (.52 )

Finding Mobil e Targets : NATO War . Clear Day ,  4 5 2.30 2.50 .90
Manned Penetratio n (.82 ) (.53)

Coping Wi th Mis sil es: NATO War , Restri cted 5 4 2.30 2.60 .84
Visibili ty, Manned Penetratio n (.82 ) (.52)

Finding Mo bile Tar gets: Third Area , Restric ted 6 8 2.10 2.10 .88
Visib i l i ty , Ma nned Penetrat ion (.99) (.88)

Fin4tng Fixed Ta rgets : NATO W ar, Restricted 7 9 2.00 2 .10  .94
Visibili ty, Nonpenetrat i on (.94) (.88)

Finding Mobile Targets: NATO War , Restricted 8 7 2.00 2 . 2 0  .90
V isibility, Nonpen etration (.94 ) (.79)

Finding Mo bile Targets: NATO War , Clear Day, 9 6 2.00 2 .30 .83
l4onpsne tration (.82) (.82)

Finding Fix ed Targ e ts: NATO War , Clear Day , 10 11 1.90 1.90 .80
NOapenetr ation (.74) ( . 7 4 )

Finding Fixe d Targe ts: Third Area , Res tricted IL 17 1.80 1.60 .89

Visibil ity, Ma nned Penetration (.92) (.84)

Coping Wi th Mis siles : Third Area , Clear Day . 12 10 1.80 2.00 .85
Manned Pene tration (.79) (.67)

Finding Fixed Tar gets: NATO War , Res tricted 13 20 1.80 1.60 .85
Visibi li ty . Manned Pene tration (.79) (.70)

Finding Fixed Targe ts: Third Area , Clear Day 14 1.3 1.80 1.80 .72
Manned Pene tration (.63) (.63)

Finding Fixed Targets: Third Area , Clear Day 15 12 1.80 1.90 .70
Nonpene tration (.79) (.57)

Finding Fixed Targets : Third Area , Restric ted 16 15 1.80 1.70 .94
Visibili ty . t*onpenetratio n (.92) (.82)

Finding Mobile Targe ts: Third Area , Res tricted 17 18 1.70 1.60 .54
V isibility , Nonpen e trat iun (.82) (.70)

Finding Mobile Targets: Third Area , Clear Day , 18 19 1.70 1 .60 .93
Nonpe ne tration . (.82) (.70)

Coping With Gun ,: NATO War , Rea tticted 19 14 1.70 1.80 .87
V i sibility , Ma nned Penetration (.48) (.63)

Finding Fixe d Targets: NATO War , Cl ear Day 20 21 1.60 1.50 .82
Manned Pe netrat i on (.52) (.53)

Coping With Mi ssiles: Third Area , Restricted 21 16 1.60 1.70 .95
Vt .ibt li ty , Ma nned Penetration (.97) (.95)

Coping With Cu ns: Third Area , R estricted 22 22 1.50 1.60 .90
Vti t b l t i t y , N,inned Penetration (.71) (.70)

Copi ng W i th Guns: NATO War , Clear Oay, Mann ed 23 23 1.50 1.50 1.00
Penetration (.97) (.97)

Copin g W i t h  Guns : Third Area , Clear Day , 24 24 1.20 1.30 -~~~~

Kenned Pe n e tra ti on (1.03) ( l . O 6 ~ 

_ _ - _ - - —---- __~~~~~~~__ _- _~__ . _ -~-_ __a__ _ _ -
.___ — -
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The correlations for each item from round one to round two , as

mentioned ear1i~ r , provide one form of test—retest item reliability.

The mean of the observed reliability coefficients is .87 with a stan-

dard deviation o~ .11. Even with the very small sample of subjects

used in this study, these results indicate a rather high level of test—

retest item reliability.

The standard deviations (SD ’s) in Table 1 show an interesting

trend from round one to round two . The median SD for the 24 items

is .82 for the first round and .70 for the second round , a reduction

of 15 percent from the first—round baseline. A nonparameteric sign

test applied to the results in Table 1 showed 18 items with a lowe r

SD in round two , four ties , and only two with a higher SD , wh ich in-

dicates that the convergence effect for the second round is signifi-

cantly confirmed at the one percent level. This trend toward con-

vergence of op inion in succes sive rounds is cons istent wi th simi lar
findings in the Delphi literature.

Figure 1 highlights the rela tively small changes in mean item

ratings from round one to round two . The x—axis represents mean first—

round ra t ings, and the y—axis represents mean second—round ratings ,
with the importance rating scale spelled out for both axes. The cir-

cled numbers are the item numbers running from 1 to 24, the order of

their appearance in the questionnaire , as shown in Exhibit A. Several

data points are identical for two items; these are shown by plac ing

item numbers nearbye with an “&“ notation.

Figure 1 is basically a scatterplot of item means from round one

to round two , roughly equivalent to the item rank—order correlation

of .92 mentioned earlier. The diagonal line through the orig in repre—

sents perfect correlation from round one to round two. Note that no

average rating is less than 1, the point represen ting “marginal im—

por tance” for close air support R&D. Practically all items are closest

to Step 2, represen ting an “important” R&D rating. This indicates

that Giles Smith’s item scheme for classifying close air support scen—

arios was f undamentally successful in tapping important mission scen—

arios as determined by panelist feedback.
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Table 2 shows the basic statistical design for ~~rtici patory poll—

ing-~—a three—way analysis of variance for subjects , 
items and rounds.

As mentioned earlier , there are three main effects , and three second—

order interactions , with the three—way interaction serving as the error

term to calculate the F—ratios. There are a total of 480 data points ,

or ratings for the two rounds combined (10 subjects x 24 items x 2
- :  rounds = 480 ratings). Thus , the total degrees of freedom in the DF

column adds up to N — 1 or 479.

No te , in the last column of Table 2, under statistical signifi—

cance , that mean differences for four out of six tested effects are

statLtically reliable at the five percent level or better. These are

discussed in the order shown in Table 2.

Table 2

THREE—WAY ANALYSIS OF VARIANCE:
ROUNDS , SUBJECTS , AND ITEMS

‘ 
Sum of

Source Squares DF Square F—Test Signif.

Rounds(R) .41 1 .41 4.91 .05

Subjects(S) 51.16 9 5.68 68.48 .01

Items(I) - 64.09 23 2.79 33.58 .01

RS 1.18 9 .13 1.58 NS

RI 2.29 23 .10 1.20 NS

V SI 190.74 207 .92 11.09 .01

RSI 17.13 207 .08 — —

F Total 326,99 479

&

Although the mean importance rating difference is significan t at

the five percent level for round one versus round two, the actual dif—

ference is not substantial. The mean rating for round one is 1.89 as

compared to 1.95 for round two . This very sligh t d if fe rence  is probably

not interpretively important. Observed subject differences are more

substantial.
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The expert with the lowest mean rating was at 1.3 whereas the

highest subject mean was at 2.3. Freely translated into the importance

scale , experts varied in their overall mean assessment of the close

air support mission from “marginal” to “important. ”

Item differences were also substantial as well as statisticall y

reliable , rang ing from a mean rating of 1.65 for the least i m po r t a n t

item , to 2.65 for the most important item . The pattern of item dif-

ferences is illustrated in Fig. 2 which was conceived and prepared by

Cu es Smith. This figure shows the full rating scale on the y—axis ,

arid lists all 24 items on the x—axis accor~ mng to the classification

scheme for close air support scenarios. The “bullet ” data points

represent the 24 item means for second—round results.

Figure 2 is read as follows for the fifth dot from the y—axis

with a mean at 2.7 and arrows going up to 3 and down to 1. The item

refers to the scenario concerned with finding mobile targets (top row) ,

in a third area war ( theater) , for a manned penetration mission , with

good visibility. Note that the logical scheme at the bottom of Fig. 2

completely differentiates all 24 iterr ” . This is the top—rated item with

a second—round mean of 2.7 , and a spread of individual expert ratings

rang ing from one to three (arrows representing range).

Figure 2 is br ought in at this point in the results to illustrate

the nature of the large and reliable mean differences between items

demonstrated in the analysis of variance . Note , by visual inspection ,

that items concerned with mobile targets (e.g., troops and tanks) have

generally higher mean importance ratings than items concerned with

fixed targets (e.g., communication centers and anti—aircraft installa—

tions). Also note that items involving cop ing with missiles have con-

siderably higher importance ratings than items dealing with guns.

There is also a tendency for NATO war scenarios to show higher mean

ratings than comparable items for Third Area wars. On the other hand ,

similar scenarios contrasting good versus poor visibility conditions

tend to show mixed results.

r Returning to the three—way analysis of variance in Table 2, note

4 that the only significant second—order interaction is subjects versus

~~~~~~~~~~~~~~~~~~~~~~~~
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items. The other second—order interactions between subjects and rounds ,

and items and rounds are statistically nonsignificant , largely beca use

of the general stability of ratings noted earlier from round one to

round two.

The 10 subjects versus 24 items interaction refers to the vari-

ability of the 240 means for this second—order effect. This signifi-

cant interaction indicates that the unique combination of a particular

subject rating a particular item is different from the other subject—

item combinations , after all other first and second—order effects are

subtracted out. Thus, after accounting for individual expert differ-

ences, item differences , and rounds , the rating given by an expert to

a particular item shows stable and reliable differences among the 240

combinations investigated in this study. This result has special sig-

nificance for the dynamics of expert opinion that are discussed in the

interpretation section .

Table 3 shows the analysis of variance results for panelist rea-

sons listed f or the 24 questionnaire items in the second round. Recall

that each item in the second round was accompanied by three to five rea-

sons der ived from first—round feedback, and that these reasons subse-

quently received importance ratings in the second round in arriving at

final overall importance ratings for the given item . Thus, each item

constituted a data matrix of 10 subjects versus three , four , or f ive

reasons with a subject—reason rating in each of the cells. This two—

way matrix permitted an analysis of variance for subjects versus rea—

Sons for each of the 24 items.

The analysis of variance is split into three components: 1) sub—

ject differences (in rating reasons); 2) differences in mean ratings
- for  the l isted reasons; and 3) interac tion variance which is used as

the error term , since there is only one observation per cell. Table 3

lists subject differences and reason differences for each item , indi-

cating whether each separate analysis of variance found such differ—

ences to he statisticall y sign i f i can t or nonsignif icant. A “dash”

entry in Table 3 means nonsignificant , in contrast to the indicated

five percen t and one percent levels. Exhibit B should be consulted

for the specification of the i t e m  ccenario matched to the item number

- ~~~~~~~~~ - --- - - -~~~ ~~~- -~~- -- -- -~~~~~
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Table 3

COMPOSITE ANALYSIS OF VARIANCE RESULTS FOR ITF~1 REASONS

Subject Reason Subject Reason
Item Differences Differences Ite ’ Differences Differences

1. — .01 13 — —
2 — — 14 — —
3 — — 15 — .01 

-

4 — — 16 — —
5 — — 17 — —

6 — — 18 — —
7 — .05 19 — .05

- 

-

. - 8 — .01 20 — —
9 — .05 21 — —

10 — — 22 — —

11 — 

- 

.01 23 — —
12 .01 — 24 — —

shown in Table 3, and for listed reasons and mean ratings obtained

for each reason from round two.

There are two notable results in Table 3. The first is that dif—

ferences between subjects in rating reasons are basically nonsignifi—

cant. Only one item (number 12) shows statistically reliable differ-

ences between experts in ratings for reasons. One item out of 24

would be expected on the basis of chance alone, assuming independence

of items. Thus , al thoug h experts differ significantly in importance

ratings between items as shown earlier in the three—way analysis of

variance, they do no t d i f f e r  si gn i f ican tly in evaluating reasons with—

in the setting of a particular item .

The second notable result in Table 3 is that seven out of 24 items

show reliable mean rating differences between reasons listed within

4~
.. items. Only one statistically significant item out of 24 would occur

• 
on the basis of chance at the five percent level , assuming independence

of items , This result indicates that experts can reliably discriminate

more important from less important reasons in evaluating item scenarios.
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4.3. Qualitative Results

Table 4 is virtually a verbatim reproduction of open—end subject

responses to the item concerning “insight” in the overall  eval uat ion

form : “What was your most important insight in working with this ques-

tionnaire?” This complete set of responses for the 10 participants

shows the range of reaction to the questionnaire procedure , illustra-

ting strengths and weaknesses. The reaction of the expert panel to

the overall evaluation form is summarized on the last page of Exhibit B ,

and is discussed in the interpretation section which follows.

Table 4

REPORTED INSIGHT

1. Spread of “reasons” for each topic suggests that paper summarizin2
(1) user ’s view (i.e., the operating unit), (2) the designer’s view ,
(3) the historian ’s view , (4) the scientist ’s view is practically
mandatory.

2. Risk and futility of manned penetration.

3. Need more explicit explanations of reasons for importance. With-
out good reasons , I find myself sticking to my previous choices ,
but without defending them well.

4. If every respondent understood the questionnaire , there sure is
a wide variation in response ; in fact , some of the responses seemed
nonsequitur.

5. The diversity of opinion (and the supporting reasons) with regard

• to manned a/c penetration.

• 6. None gained .

7. Importance of clear , unambiguous statement of questions and answers.

8. Apprec iate divergence of views about “CAS ” mission concept. But
really, I’ve learned little new.

9. Stereotyped views of warfare : ability to separate targets/defenses.

10. Developing relative priorities on targets and force allocation .

~
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to obtain the best p i ct ur e ol t h e  g rea t  v a r i e t y  of reasons o f f e r e d

f o r  and a g a i nst  v a r i o us  ty p e s  ot  m i s s i o n  o b j e c t  ives , t h e  r eade r sh ou l d

con su l t  Appendix  B wh i cli l i s t s  second—round  resu l  ts. The spread of

open—end qualitative reasons is tabulated for each q u e s t i o n n a i r e  i t e m ,

illustrating the potential of participator y polling for eliciting and

exp l i c a t i n g  a d v e r s - r v  p o s i t i o n s .

- ‘ I

c .

L~ 
-
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5. INTERPRETATION

The interpretation section covers four areas: methodological

problems, the analysis of expert opinion , evalua tion of participatory

polling, and follow—on recommendations. The methodological interpre—

tation includes experimental procedures and questionnaire technique ;

the analysis of expert opinion covers similarities and differences

between experts , and the psychology of expert opinion; the evaluation

of participatory polling compares observed results against the eight

key objectives for this technique ; and the recommendations for follow—

on work cover various extensions of the method that seem promising

for future research.

5.1. Issues in~~~~p~ rimen tai Design

• It was stated at the outset that this was an informal exploratory

study to ga in some insight into the feasibility, acceptab ility, cred i—

bility, and usefulness of partic ipatory polling in a long—range Air

Force planning application . This investigation clearly establ ished

the feasibility of participatory polling. There were no inordinate

tac tical , time or cost problems encountered in implementing the tech-

nique compared to ord ina ry problem s in de sign ing and using op inion

questionnaires.

Developing a suitable questionnaire covering operational require-

ments for the close air support mission was indeed a difficult task ,

but one that we feel was handled with reasonable success within avail—

able resources. Content validity was comprehensively covered and sys-

tematically sampled by the five—way classification scheme developed

by Giles Smith to generate the 24 items in the questionnaire. The

strength of this scheme lay In the interaction effects among the five

scenario var iables spec i f i ed  by individual questionnaire items . Its

major weakness, as pointed out by some of the panelists , was in not

being able to distinguish separate effects of each variable in isola—

tion from the other variables .

The problem of selecting experts according to explicit sampling

criteria was not formally addressed in this exploratory study. Expert

colleagues were personally solicited from i highly sophistic ated group

___ — —. 
- -

-
~~ i___ ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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of military analysts at Rand ; pract ic-ally all agreed to see the study

through ; and there were no dropouts from round one to round two . A~ -

cordingly this limited study does not have much to say about the rather

important problem of sampJ~ing diverse experts at remote locations ,

and matching their skills and background against the planning task at

hand. The use of an open meeting among the panelists to explain the

study and the questionnaire is consistent with the Rand professional

“cul ture ,” and probably hel ped to enhance competition , interest , and

motivation . -

Perhaps the most unique characteristic of part icipatory polling

is the feature requiring written justification of ratings in the first

round. Were there any special difficulties encountered in obtaining

and processing these open—end verbal responses? We were not completely

successful in getting unique “reasons” for each item rating. Approx-

imately half of all these reasons for all panelists combined were

“dittoes” or repetitions of reasons offered earlier. In other words ,

for the typical first—round questionnaire , about half of the items

would have uniq ue and d if f e r e n t rea sons assoc ia ted with ra t ings , and

the other half would show direct replications of earlier reasons , often

with ditto marks. This “d itto phenomenon” is clearly one of the key

proced ural pr oblems of participatory polling. In the ideal situation ,

100 percent of all responses would be unique .

In our case , the 50 percent ditto rate is attributable largely

to the considerable content overlap between items . For example , two

items concerned with coping against missiles in a NATO war for a piloted

aircraf t mis sion would d if f e r  only in clear versus restricted visibility.

• If the respondent did not believe that weather conditions were critical ,

he would be likely to offer the same rating and give the same justi—

- 
ficat ion for both of these items . The same tendency would apply to

items sharing the same one or two salient features that the panelist

believed to be critical in his ratings . Accordingly , the relatively

high “ditto rate” in this study is largely attributable to correlated ,

overlapp ing items generated by the item classification scheme . Ques—

t ionnaires based on relatively independent items are probably less

likely to evoke similar or identical verbal responses.
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Once the first—round reaaons were collected , the task was to sort

and c lass i f y them for second—round presentation and evaluation by the

expert panel. Computerization of verbal responses helped considerably

in facilitating this task by simply making it possible to collate ver-

bal responses for each questionnaire item on a separate “display ” pr int—

out. This made visual inspection much easier for grouping and comparing

responses for the second round .

The transition from raw verbal data in the first round , to pro-

cessed “reasons” for the sec:’nd round , was based on subjective evalua—
tion by the author following six rui2~ or guidelines:

1. Combine similar or equivalent reasons. -

2. Stick closely to toe original language , retaining the flavor

of the polemics (e.g., “stop tanks or lose war.”).

3. Eliminate expletives that merely repeat the item without of-

fering substantive justification for the subject ’s ra ting

(e.g., “This is a prime job for the close air support mis-

sion ”.).

4. Work toward an adversary balance across all reported views.

5. Leave no distinguishable reasons out , unless they are essen-

tially covered by similar reasons.

6. Randomize the order of reasons for successive items so that

the same individual.s and their viewpoints are not consistently

represented at the beginning, middle or end of the listed

reasons for each item.

The above six guidelines were not difficult to follow for 10 sub—

jects which resulted in three to five reasons associated with each

item in the second round . If many more respondents were used , more

selective techniques would probably he necessary to keep the number

of reasons per item within manageable size for the second round. A

useful suggestion from the panelists is that “pro ” reasons appear in

one grouping with “con ” reasons in another grouping for each item to

hei ghten or polarize the adversary effect. This seems like a worth-

while suggestion for situations where there are sufficiently large

- — -. ~~— 
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samples of reasons to develop detailed “pro” and “con” arguments in

a balanced manner. In any case , the systematic feedback of thoughtful

adversary reasons in participatory polling was reported as the single

most valuable teature in generating the main insights achieved by par-

ticipants in this exercise. This conclusion was verified by the re—

sponses of the panel to the overall questionnaire evaluation in the

second round (see last page of Exhibit B).

The second set of considerations on experimental methodology is

concerned with questionnaire reliability and validity. Data on both

stem from the various types of item analyses that were performed .

One approach to item reliability was test—retest correlations for

the first versus the second round. The mean observed test—retest cor-

relation was .87 with a standard deviation of .11 for the 24 item coef-

ficients. This is quite high and is probably an overestimate in cer-

tain respects. In round two , respondents had copies of their first—

round responses ; this situation , peculiar to this method , does not

usually hold for conventional test—retest reliabilities. With first—

round “answers” in front of him , it is easier for the respondent to

give identical or similar second—round ratings.

Another approach to test reliability was obtained in the second—

round “Overall Evaluation” ques t ionna ire where the panelist was asked

to rate the overall reliability of his estimates and responses to the

questionnaire. Only one subject felt that his respoiises were “marg in-

ally reliable” ; all others rated their responses as “fairly reliable”

or “very rel iabl e ’ (see Exhibit B, last page).

Still another approach to test reliability are the analyses of

variance conducted on item ratings and item reasons reported in the

results section . Recall that the three main effects were found to be

statistically reliable in the three—way analysis of variance (subjects ,

items, and ro un d s ) ,  and that the panelists were able to distinguish

more important from less important reasons for items when the ratings

for reasons were subjected to analyses of variance. Thus, the three

key variables in the basic experimental design , and the reason s f or

rat ings , were able to show reliable statistical effects even with the

- ——--- -~~~~~ --~~~ - ~—------ - - - - —
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small samples of subjects and items used in this study. The test—re-

test , subjec t ive evaluation , and analys is of variance approaches to

questionnaire and item reliability concur in showing a generally high

and useful level of test —reliability in this application of part icpa—

tory polling.

One impor tan t type of proc edural reliab ility for  par ticipa tory

- polling was not tested in this study. This is inter—rater reliability

in screening and filtering first-round verbal responses for second—

round presentation . Given a set of ground rules such as the six guide-

lines ment ioned earl ier , two or more judges or raters should indepen-

dently produce item “reasons” for second—round feedback. Comparison

of such independent listings of item reasons would provide the basis

for inter—rater reliability in generating second—round feedback from

the first—round protocols. Due to time and resource constraints , this

type of reliability was not tested in this study.

There are four basic types of validity associated with question-

naires : content , construct , pred ictive , and concurrent validity.

These are briefly discussed to round out this section on methodolog ical

interpretation . Content validity was mentioned earlier in connection

with the five—category classification scheme for close air support

scenarios as used in this study. Construct validity pertains to the

concepts and theories under ly ing  the participatory polling technique

and the close air support questionnaire for long—range R&D Air Force

planning as used in this investigation.

Two types of validity remain to be discussed , predictive and con-

current. Predictive validity refers to the effectiveness of the ques—

tionnaire in predicting specified criterion events related to perform-

ance eff ectiveness in the area studied. This may take a variety of for-m s

in the Air Force planning context , such as technolog ical forecasting,

military budget predictions and forecasting interna t ional crises.

None of these has been incorporated within the limited scope of this

demonstration prototype o1 partici patory polling. This does not mean ,

of course , that the criterion prediction problem is of minor consequence.

In this study, partici patory poll ing is aimed at supporting the Air

•~ a .~.. - - - -~ - - t 
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Force p o l i c y — m a k e r  by p rov id ing  h i m  w i t h  a suggestive range of expert

opinion and associated adversary rationale for R&D planning in a lim-

ited area. Predictive criteria could have been worked into the study

design , but not without greatly increas ing the scope of the investi-

gation.

Concurrent validity refers to the logical internal consistenc y

of the technique , the questionnaire , and the various performance rnea—

sures used. For example , are quantitative ratings and open—end responses

log ica l ly  cons i s t en t  w i t h  each o t h e r ?  Have the various o b j e c t i v e s  of

participatory polling been met in this initial demonstration? Are

the illustrative military opinions and find ings credible for planning

purposes? The analysis of such outcomes , comprising various approaches

to concurrent validity , represents the bulk of the interpretation that

follows in the analysis of expert op inion and participatory polling.

~i.2. Analy sis of Expert Opinion

The general intent in this section is to review the empirical

find ings on expert opinion in this study, and th en to briefly extra—

polate the potential of such findings to behavioral analysis of ex-

per t opinion more broadly considered. The curren t findings are ex-

amined from the viewpoint  of s imi la r i t i e s  and differences between ex-

per ts, whereas the behavioral analysis examines differences between

experts and nonexperts. -

Perhaps the most striking feature of the results are the quariti—

tative and qualitative differences within this relatively small sample

of experts working in virtually the same professiona l environment at

Rand . In reporting their main insight from this study, the partici—

pants use such terms as “diversity of opinion ,” “d ivergence of views ”

and “wIde variat ion in response” (see Table 4). This appreciation of

the great range of expert opinion seems to suggest that perhaps the

distinguishing characteristic of experts lies in well—defined differ-

en ces In va lu es , assumptions , approaches , and in personal jud gments

reflect ed in current controversies in the domain of inquiry. This

interpret ation supports a basic premise and objective of participator y

poll :ng-- tio- proper role of experts is to nap out and exp licate the

.~~~~~~~ —.- ~~~~~~~~~
-
~~~

:- -~~~~~~~~~~ -- - - . • -



_ _ _ _ _ _ _ _ _ _  

— 15-

range of alternatives in the domain of inquiry in a balanced adversary

setting. The focus is on expert differences rather than expert con-

sensus, on widening the range of thoughtful and explicated alternative s

and policy choices as opposed to premature closure in contested areas.

There are two key statistical findings supporting this emphasis

on the differences between experts , both from the three—way analysis

of variance reported in the results (Table 2). The first is large

observed differences between subjects , that is , the mean ratings for

the 10 subjects varied considerably. What are some of the exp lanations

for this statistically reliable result? One relatively straightforward

explanation is that some experts saw the close air support mission as

more important for R&D planning , whereas others saw it as less impor-

tant. This type of halo effect is undoubtedly true to some extent ,

depending upon personal interests and preferences.

The observed d ifferences , however , are partly contaminated by

unavoidable limitations of the polling technique . Some of these dif—

ferences may be due to different subjective “anchoring points” in using

the four—step scale ; that is , some participants may have felt more con—

for table using the upper or lower par ts of the importance scale in
terms of their individual interpretation of the four steps . This

“anchoring” phenomenon is a type of an estimation halo effect that

cannot be parceled out of the observed results with available data.

In retrospect , the questionnaire should have included some “con trol”

items asking respondents to rate their estimate of the general impor—

tance of the close air support mission against compet ing Air Force

missions ; it is hypothesized that a positive correlation would occur

between mean close air support item ratings and the overall compara-

tive close air support rating, provid ing some indicat ion of the strength

of the aforementioned general mission halo effect in this study.

The second key finding in the three—way analysis of variance , in

this context , is in the significaj-it interaction between subjects and

items. This result raises some key issues on the nature of overall

expert differences. That is , over and above the separate effects of 

- 
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subject , item and round differences , the panelists showed unique and

stable preferences for some mission scenarios as compared to others .

These preferences were unique for particular Individual—item combina-

tions. This result suggests that , in addition to overall value dif-

ferences within the domain of inquiry , there also exists a hi ghly d if—

ferentiated superstructure of individualized preferences that are stable

(not changing from round to round). In this study, the 10 subjects

versus 24 scenarios resu l t ed  in 240 s u b j e c t — i t e m  combina t ions  t h a t  co rn —

prise the “differentiated superstructure. ”

The observed significant interaction between experts and special-

ized issues suggests a differentiation hypothesis for distinguishing

between experts and nonexperts. That is, experts are more likel y to

exhibit a uniquely specialized and differentiated set of firmly held

opinions in their area of expertise. In contrast , nonexperts are by—

pothes ized to have less specialized opinions , be mo re sugges tible ,

and be mo re l ikely to change their opinion with group feedback. This

[ ‘ “differentiation hypothesis ” stems from learning theory, and presup—

poses a generalization/specialization progression as the individual gains

increasing experience and makes progressively finer discriminations

in his area of expertise. The empirical test of this hypothesis would

be comparative experimentation between experts and nonexperts , partic—

uarly in the extent and significance of the subject-item interaction ,

for the three—way analysis of variance paradigm of par ticipatory poii—

ing (subjects , items , and rounds).

The observed similarities among experts are also instructive ,

in contrast to observed differences between experts. Two ~,tatistical

results indicated similarity among experts. One was the finding that

the subjects versus rounds interaction was not statistically signifi—

cant in the three—way analysis of variance. Only 16 percent of all

e ratings were changed from the first to the second round . This result

underscores the relative stability of expert opinion mentioned as part

of the differentiation hypothesis.

The second statistical example of similarities between experts

was the absence of significan t individua l differences in rating the

1 -#
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importance of reasons put forth for each item in the second round .

In the two—way analysis of variance results for subjects versus rea-

sons, only one item out of 24 showed statistically significan t subject

differences (Table 3), a result to be expected on the basis of chance.

In contrast , the experts were often able to reliably discriminate ~or~

important from less important reasons within each item , as shown in

Table 3. These two results from Table 3 suggest that experts do show

consistent consensus when judgment is exercised in a relatively well-

defined and highly specialized area.

The judgmental setting of comparative reasons for specific item

scenarios was sufficiently specialized to lead to expert concurrence.

These results suggest that the more highly specialized the opinion , the

more likely are experts to concur with each other . This expert concur-

rence hypothesis is based on the assumption that experts have a common

data base of basic facts , and extensive agreement on low~ —level or

specialized opinion stemming from factual or descriptive data. In

contrast , nonexperts , lacking an extensive common data base , 3re hy-

pothesized to show more of a random , riondiscriminating pattern in eval-

uating reasons for adversary positions. In the present setting , tor

example , it wou ld be hypothes ized tha t  nonexperts  would not be able

to rel iably ra te  some reasons as cons i s t en t ly  more important  than o th e r s

for the various items .

The d i f f e r e n t i a t i o n  hypothesis  and the concurrence h y p o t h e s i s

map out a suggestive relationshi p between expert op inion and the level

of generality of the domain of inquiry. For more highly specialized

areas, experts are more likely to concur; for more geiteralized areas ,

experts are more likely to disagree , but within a relativel y consis—

-
~~ tent and structured framework of opinions. For nonexperts , i t  is hy—

pothesized (without any direct evidence from this stud y )  t hat they  would

show less concurrence in specialized opinion , and a more stereotyped

range of differences in more general opinion. The basic mechanism ~ t

both ends o~ the specificity—gener ality continuum is that experts pos—

sess f i n e r  discrimination capabilities based on larger and relatively

well—structured repertoire s of facts and op inions , and that they arc

~ 
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capable of organizing such repertoires in more novel combinations at

more general levels ot opinion .

The main challenge in conducting an expert opinion study is max-

imiz ing  the available exp~ rtise in relation to study objectives . This

leads to the “snap judgment ” hypothesis: as human information process-

ing time approaches zero , the quickest possible snap judgmen t reaction

t ime , so does the difference between expert and nonexpert opinion tend

to disappear  i n to  commo n b-seline stereotypes. The snap judgment hy-

pothesis basically asserts that considered opinion is more likely to

enhance differences between experts and nonexperts than snap judgments .

In this study, the participatory polling technique was deliberately

desi gned to minimize snap j udgmen t s  in item ra t ings  and to force a

modicum of reflective thought. In the f irs t round , the requ iremen t

to specify a reason for each rating probably forced participants to con-

sider more alternative judgments for each item ; and in the second round ,

the requirement to rate three to five reasons f or each item was a waY

of forcing participants to recognize various aspects of the scenario

before assigning their final rating. Conventional quest ionnaires in-

vite quick—scan , quick—response information processing that often ap-

proaches the snap judgment extreme .

Basic research is required for th~ vario us forms of behavioral

act ivity subsumed under the general rubric of expert information pro-

cessing. At one extreme lies the differen t varieties 9f snap judgments

made almost instantly without reflection . These may be valuable in

revealing stereotypes or as projective techniques to explore person—

.‘. ality characteristics associated with particular types of opinion .

Snap judgments probably offer more information on the subject than it

does on the attrib utes being investigated. At the other extreme are

techniques that involve extensive preparation and work on the part of

the expert before he submits his considered opinion . This end of the

continuum overlaps with combinations of opinion with formal procedures ,

particularly where opinion is characterized by extensive qualifications ,

proofs , and arguments of the position taken. Participatory polling

- .



r --- -

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

-

~~~~~~~~~~~

- --- -

~~~~~~~~ 

-

~~~

— 19—

4-

is one examp le of deliberate questionnaire design to force panelists

into structured reflection and analysis before responding to each

it em.

5 .3 .  Eva lua t ion  of P a r t i c i p a t o r y  P o l l i n g

This section evaluates the effectiveness of participatory polling,

as used in this initial demonstration , in meeting the eight objectives

of the technique described in the introduction .

5.3.1. Expert—Int erpreted Op inion. The technique in the present

setting was moderately successful in eliciting expert—interpreted opin-

ion. The 50 percent “ditto” rate mentioned earlier , where onl y about

half of all items were accompanied by unique reasons, is largely d ue

to overlapping, part—whole items stemming from the classification scheme

used for mission scenarios. The “ditto ” problem can probably be min-

imized by using relatively independent questionnaire items with minimal

overlap in content. In any case , the reasons that were solicited rep—

resented the basis f or the main ins ights reported by participants at

the end of the second round . These reasons also provided direct in-

terpretations of expert opinion in a systematic manner across the en-

tire sample of panel ists , as opposed to more indirect interpretations

by investigators with conventional questionnaires.

5.3.2. Balanced Adversary Procedure. An approximation to a bal—

anced adversary procedure was achieved in presenting essentially all

distinct reasons for each item in the first round for review and evalua-

tion in the second round . A larger number of subjects, perhaps 20 as

opposed to the 10 used in this study, would have provided a larger

number of reasons offered in support of first—roun d op inion . A larger

pool of reasons , in turn , would permi t more formal classification of

reasons in to “pro ” and “con ” positions to heighten the adversary effect

as suggested by some panelists. The adversary procedure was “balanced ”

in two key respects in this demonstration . First , all subjec ts were

required to provide reasons for their first—round ratings , as opposed

to voluntary submission . Second , the proced ure treated all individuals

equally whether they were outliers or conformists.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _  

j



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

—4 (1--

4-

5.3.3. Shared Knowled&e of Results. A key intent in participa-

tory polling is to make available to all members of the pane l the know-

ledge gained from tirst—round results to improve second—round judgments.

In this study , panelists had the following information for their final

second—round ratings: first—round ratings for the group , including

means, standard deviations , and freq uency distributions , and the f ull

range of reasons offered for first—round opinions. To the extent de-~-

sired , they were able to use any or all of these data for their final

evaluations. This exercise was only moderately successful in supply-

ing optimal knowled ge of results. Several panelists complained that

the reasons were not spelled out in sufficient detail to be convincing.

This demonstration did not systematically test the impact of more de-

tailed justification of ratings. The open—end comments indicate that

a greater level of detail in questionnaire items and in panelist reac-

tion would probably have made a greater impact on second—round opinion.

5.3.4. Group Data Base. Some of the preceding comments apply to

the adequacy of the group data base. A larger number of subjects would

have generated more extensive adversary arguments in contested areas.

A more detailed set of reasons (e.g., a paragraph rather than a sen-

tence for each item) would probably have produced more compelling rea-

sons to modif y ratings.

The group data base, at the end of two rounds, did meet certain

practical requirements. Mean item ratings were reliably different from

• each other——the missile threat was seen as more critical than the gun

threat , mobile targets such as troops and tanks were more important

than fixed targets——nonsurprising results. Differences between items

were reliable and test—retest reliability was high for quantitative

measures. The composite quantitative and qualitative group data base

for this study offers suggestive preliminary data illustrating Air

Force mission requirements for close air support R&D planning .

5.3.5. Participatory Evaluation. The panelists provided consider—

able feedback on i tems in par ticular , rating procedures , and the test

as a whole . Virtually nothing escaped their critical evaluation, It

~~~~~~~~~~~~~
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is impossible in a report of this limited scope to document all the

comments received . Nonetheless, the instructions , proced ures , forms,

and spirit of this technique encouraged panelists to act as experimen-

ters as well as subjects , and the study benefitted considerably from

their participation. The participatory objective was successfully

met in this initial study .

5.3.6. Flexible Anonymity . The participants had no complaints

concerning the level of anonymity used in this study. The initial

group indoctrination session allowed panelists to know who participated

in the study. Individual responses to the first and second—round ques-

tionnaires were kept anonymous , by mutual consent and prior agreement.

This turned out to be quite desirable because of the heat generated

by some of the more controversial issues (e.g., preference for manned

versus unmanned aircraft for future R&D, see Exh ibit B). Finally,

in this final report , the responses and comments of individual panel—

ists have also been kept anonymous. There is nothing sacrosanct about

the particular manner in which anonymity was handled in this study.

Other inquiries may involve other approaches to anonymity, depending

upon study objec tives , hence , the desirability of flexible anonymity

based on mutual consen t, specified in advance. The objective of

flexible anonymity was successful ly  met in this initial demonstration.

5.3.7.  Scientific Standards. This demonstration was carried out

as an informal exercise as specified at the outset. However , within

the limits of the informal exercise , a variety of experimentally—on —

ented procedures and statistical tests were explored to see how they

would fare in the participatory polling setting. Efforts were made

to assess the reliability and validity of the procedure including ex-

tensive statistical tests for various aspects of item reliability.

Unexplored scientific areas were pointed up where no effort was made

and where no tests were conducted (e.g., expe rt sampling parame ter s,
predic tive val idi ty , inter—rater reliability in processing panelist

• reasons , and testing the limits for more detailed items and reasons).

The tests that were conducted , however , prov ide a usef u l f r amewo r k
— for more scientific studies (e.g., the basic three—way analysis of



variance exper imental design for participatory polling, testing mean

differences between importance ratings for item reasons, vari ous mea-

sures of test reliability , and useful psychometric feedback on scaling

and rating procedures).

5.3.8. Cost—Effective Technique. The time, effor t and skills re-

quired for participatory polling are roughly equivalent to those re-

quired for designing and develop ing comparable opinion questionnaires.

There is a significant amount of additional work required in processing

first—round reasons for second—round presentation . In this case , it

amounted to less than a man—week of effort , which is not at all prohibi-

tive. The rich data yield from adversary reasons are easily worth

this amount of extra effort . Computerization of all quantitative and

• qualitative data greatly facilitates preparation of second—round ma—

terials as well as statistical testing and analysis of the results.

For large samples of open—end data , computer—aided analysis of verba l

data holds considerable promise and is already well advanced in the

social sciences. Participatory polling has valuable positive fallout

in facilitating the interpretatiOn of the results for the investigator.

Comments and recommendations of panelists help immeasurably and add

diversified viewpoints in analysis of the data and in preparation of

the final report. All in all, this ini tial trial of participatory

polling has demonstrated great potential as a cost—effective technique

for soliciting credible expert opinion.

e
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6. RESEARCH_RECOMMENDATIONS

There are four  key areas for  fo l low—on research de r ived  f r o m  t h e

current exploratory study. All recommendations reflect the personal

opinion of the author , and do not necessarily reflect Rand opinion.

The first is an extension of the Air Force R&D planning base. The

second is conducting a more formal experimental study in p a r t i c i p a to r y

polling. The third is computerized analyses of open—end responses ,

and the last is basic research on expert opinion.

6.1. Conclusions from the Experim nt

The current demonstration study is strictly illustrative , and

is concerned only with the close air support miss ion . There are about

a dozen other recognized Air Force mission areas in long—range R&D

p lanning s’ich as strateg ic offense , air defense , interdiction , command

and control , etc. Follow—on studies could focus on individual areas

in stepwise fashion to build up an inductive data base, or they could ,

as recommended by some of the panelists , provide comparative rat ings

for all Air Force missions as is the case with periodic bud get review .

The latter approach would provide a deductive data base. There are

advantages and disadvantages to both approaches which are not discussed

here since the intent is primarily to point to possible alternatives

for future work .

Ano ther direction for these studies is to solicit expert op inion

in relation to competing candidate projects , such as new weapons , new

communications technology , and improved management systems . Our orig-

inal concept was to obtain expert opinion for close air support mis—

sion requirements and then , with baseline mission requirements estab-

lished , proceed to rate competing candidate Air Force projects on

their cost—effectiveness in achieving desired mission objectives.

This approach could also be employed stepwise , on a mission—by —m is. ~sion
If

basis , or i t  could  he implemented across all mission areas as de—

scrihed above. With either approach , the end result would he a svs—

t ematic set of recommendations , with extensively eva l uated reasons

for such recommendat ions , wh Ich would in (-l ude I ) preferred miss ion

r e q u i r e m e n t s , and 2) preferred candid ate R&1) pro lect s best meeting
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suc h reqiii rement s. The~~e w o u l d  P r o v i d e  a ranked set of al terna t I yes

for policy—makers to examine in determining relative priorities for

l ong—r ange  R& D p l a n n i n g  in the Air ~c)rce.

A notable caveat should be mentioned for the above approaches .

The expert panels should not consist entirely of one particular inter-

est group , such as Rand analysts as used in the current demonstration .

Various expert group ings should be tested for nore balanced adversary

results (e.g., operating command personnel , design and development spec-

ialists , senior policy—makers , and scientist—anal ysts). This recom-

mendation came from our panelists and is supported by the researc h

literature which shows clustering of opinion based on background (e.g.,

Derian and Morize , 1973). This type of s a f egua rd  is essential fo r  con-

troversial areas with major vested interests .

6.2. Forma 1 Exp~~ imental Stud  es in Par icipat~~ry P_Q1l4flg

The results of the nresent demonstration study have been sufficiently

encouraging to recommend a formal experimental test of participatory

polling capitalizing on the prototype experience. The formal experi-

ment should be more comprehensive than the prototype in a variety of

ways , and should provide more definitive tests of the value of part i-
cipatory polling .

In the area of expert selection , one extension has just been men-

tioned above. Better checks and balances in vested expert opinion are

obtained in the Air Force setting by selecting exper ts wi th d iver se
back grounds. Such selection should match exp lic it ly specified ski l ls

against the technical content of the questionnaire , and such matching

can be verified by adequate data on expert sampling parameters . This

information can be easily obtained by a biographical data question-

naire.

The expert panel should include at least 20 participants to en—

sure a sufficient diversity of adversary reasons for each item and to

provide adequate sample sizes for the various statistical procedures

employed . Panelists could respond to self—administered questionnaires

after an initial briefing, as in the present study, or a structured ,

— - j—- - - — —  ~~- - —~~~~~~ -~~~~~~ .- - -~~~~~ —~~~~~~~~~~ — 
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forma l interviewing t e c l i n i q u i e  could be used , p a r t i c u l a r ly  f o r  longe r

questionnaires more likely to i nduce  respondent fatigue or lower his

motivation .

The methodology of the formal study should take full advantage

of the lessons learned with the prototype. Rating scales could have

additional steps to accommodate the full dispersion of opinion . Item

design could take on a variety of forms quite different from tha t used

in this study. Items should be sufficiently distinct and nonoverlapping

to minimize “ditto” justifications. Item scenarios , in Air Force set-

tings , should probably be more detailed , and panelist responses in jus-

tification of item ratings might also be more detai led , perhaps up to

a paragraph in length as opposed to single sentence size. Item and

open—end response detail could , in fact , be independent experimental

variables by using two contrasting levels of detail.

Open—end responses to the first round should be processed by two

independen t ra ters follow ing a common se t of gu idelines to arr ive at

second—round inputs. This would provide the basis for more objective

determination and presentation of adversary reasons and for determin-

ing inter—rater reliability which was not done in th i s  p r o t o t y p e  s tudy .

The second—round listing of item reasons could be presented in “pro”

and “con” adversary format if the content area and data permit bal-

anced presentation.

The experimental design should permit analysis of variance tests

for differences between experts, items , rounds and reasons along the

general lines followed in the current study . The various types of re-

liability and validity discussed in this study should be tested in the

framework of a systematic item analysis.

Questionnaire forms should be subjected to preliminary pilot test-

ing to debug errors and weed out poor items . The quantitative and

qualitative data bases should be computerized , as in the presen t study,

to facilitate processing and analysis. Issues connected with corn—

puterized analyses of open—end responses are discussed in the next

section . If a follow—on formal experiment follows these various guide—

lines It is likely tha t participatory polling would receive a system—

atic , definitive test of Its assets and li a bilitie s .

.5
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6. 1. 
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Compute r-Aided  An4ysis of ~ pen-End Re~ppnses

A specia l  c h a ra ct e r i s t i c  of participator Y polling is the system-

at ic use of open—end responses to establish an adversary data base .

This recommendation explores some of the types of computerized research

t h a t  are needed to f a c i l i t a t e  more c o s t — e f f e c t i v e  processing of such

problematic responses.

The op en—end i t e m , c h a r a c t e r i z e d  by f r ee  verba l responses , poses

special problems , not  o n ly  f o r  participatory polling, but for ques—

tionnal’ design broadly considered. Such items are used for a vari-

e ty  of reasons . One is to obtain unique identifiers or basically

qualitative information; for example , an indiv idual ’s name and occu-

pation. Another is to build an emp irical data base induc tively in a

new or unexplored area; for example , organizational and professional

affiliations of individuals , reasons for expert opinions as in partici-

patory polling, or spontaneous evaluative comments over and above

those listeJ for structured questions . The temptation is often great

to include numerous open—end questions , particularly in unstructured

areas of inqu iry.

The price can be very high for such inclusion because of the im—

posed burden of extra interviewing time or respondent time where re-

sponses are recorded verbatim rather than merely checked off , because

of greater data storage requirements for verbal as opposed to quanti-

tative data , and because of the considerably greater amount of time

r equ i r ed  by the researcher to organ ize , class i fy , and analyze open—

end responses. Investigators with tight schedules often ignore open—

end data gathered at great t ime and cost , or perhaps eyeball the re-

sponses in a cursory manner for global impressions , or simply give up

after an abortive attemp t to investigate such responses systematicall y

when they  f i n d  out  tha t i t  Involves more time and effort than they

a n t i c i p a t e d . The tendency is to look the other way , to continue gather-

ing costly open—end data that will not be analyzed , and hope tha t some-

one , somehow , mi ght get around to it at some propitious time . Open—

end items are generally more costl y than objective items f rom the point

a! view of data collection , r e d u c t i o n , and analysis. They are prime
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candidates for being dropped to make room fo r  useful and important

items that will be analyzed and will in fact contribute to the study.

How should open—end items be handled? The basic recommendation

is that they should compete with oh~ ective items and with each other

on the grounds of item reliability, item validity, research contribu-

tion and cost. This means that open—end items——such as those used in

partici patory polling——should undergo some form of item analysis to

determine tI’’t r value .

But what does item analysis mean for open—end responses? Ten

basic steps may he identified as shown in Table 5 which indicates

p o t e n t i a l  cisc of  computers  f o r  each stage . The first step is “clean-

ing” and editing responses for c l a r i t y  and removal of r e d u n d an cy .  ‘I he

second step is to keypunch verbal responses and store them in computer—

accessible form.

The third is to provide verba t im printouts of item responses

classified in some convenient manner for initial inspection by in-

vesti gators. This stage is equivalent to the initial listing of mar-

ginal frequencies for objective items . With computer—accessible re-

sponses , such printouts can be provided on a selective basis by simpl e

cross-tabulation ; for example , listing by age or sex group , educationa l

level , professional specialty, geographical area , or other categories ,

according ‘ - the investigator ’s in te res t  and leading hypotheses . Such

listings would help partition large samples into more manageable sub—

samples. If appropriate software is ava i lab le , concordance l i s t i n gs

may be provided of key words or phrases ;  fo r  example , a s i m p l e  K~’IC

listing (Key Word In Context) may provide  the equ ivalent  of a c rude

f r e q u e n cy  count  fo r  more “p o p u l a r ” responses.
The f o u r t h  s t ep  i s  to analyze such listings and det e r m i n e  w h e t l c i - r

f i i ~~~ier f o r m a l ana l y s i s  is des i red.  i f  so , a r a t i n g  sc-home may he

4 desi gned by the i n v e s t i g a t o r  y i e l d i n g  qu a n t i t a t i ve  scores t h a t  w~ i i l d

permit intercarre lat ion or o t h e r  s t a t i s t i ca l  anal sos wit h respec t no

o t h e r  open—end i t e m s  or w i t h  o b j e c t i v e  i tems.

The f i f t h  s t ep  is  d e v e l o p m e n t  of  rules and standards for rat Inc

scales . A simple example would he a hivar iate classificat Ion sot - h as

economic reasoos versus other (noneconomic) reasons for in open- ,-n - f

I ..— ..~~~~
.— -  
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lab le 5

BAS I C STEPS I N  COMPUTER—A I DED ANALYSES OF
OPEN— EN !) VERBAL RESPONSES

• P o s s i b le [s t
Step o t ( .cnnp_u t e r

1. Clean  and hdit P a r t i a l

2 .  Keypu n ch  Yes

3. L is t  Responses Yes

4. Examine Responses Yes

5. Develop Rating Scale or Classification Scheme Partial

6. Rate Responses Independently Partial

7. Compare independent Ratings Yes

8. Adjudicate Major Differences Partial

9. Analyze  Ra t ings  Yes

10. Incorpora te  Scale into  ins t rumen t  No

item concerned with competing R&l) projects. Such a scale w o u l d  per-

mi t  hivarlate intercorrelations with other items and would lend itself

to other types of statistical analyses. There are many other types

o f sca les , such as compara t ive  impor tance  r a t i ngs  of reasons for op in-

ions as used in this exercise w i t h  p a r t i c i p a t o r y  p o l l i n g .

The sixth step is independent application of the rating scale

to i n d i v i d u a l  responses by at lea st  two different raters. Computer

as s i s t ance  may be possible in aggregating rt ’ -~p cuses for easier scoring

at this step . The seventh Step is comparison of  independent ratings

(e.g., inter—rater reliability or “conspec~ r e li ability, ” expressed

as percentage of exact agreemen t or as a hivariate correlation coef—

i i c i e n t )  . T h i s  p rocedure  was recommended e a r l i e r  in t h i s  s t u d y  to

evaluate the reliability of reasons s e l e c t e d  f o r  second—round  feed-

back .

The s t ’ v i - i i t h  step provides hard—copy feedback on item reliability.

The eigh t s i t - p  is adjudication (-)f substantive differences in indepen-

dent rat ing’-., eith er by consultation of the raters or by an externa l

— —--- —-- — — - ~ - ~~~~~.. — - 
-
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“judge .” I h e  n i n t h  s t ep  is analysis of the scaled values of the open—

end I t e m  .- i g i l n s t  o t h e r  items of interest in the overall instrument.

This step provides feedback on concurren t item validity. The tenth

step is possible transformation of the open—end item to an objective

item incorporating the new scale in the next app lication of the instru-

ment. These 10 steps apply to almost any type of open—end item format ,

and have generality beyond participatory polling. Computer—aid ed re-

search , perhaps using current technology in natural—language processing,

could lead to significan t advances in harnessing the rich potential

of open—end questionnaire responses.

6.4. BasIc Research in Expert Opinion

There are two areas for basic research in expert opinion apparent

from this study . One is the virtual absence of a critical scientific

literature on expert opinion as mentioned in the introduction . The

second is protocol analysis of human information processing in experts

and nonexperts in soliciting expert opinion as developed from the re-

sults of this study. Each is briefly outlined .

The various scientific areas contributing to and concerned with

expert opinion, as indicated in t h e  introduc t ion , ;mve not effectively

communicated with each other or henefitted f r o m  i c ro s s — t e r t i l i z a t i o n

of method and findings . These partiall y c’ \t ’r i 1~p i n c  areas include

op inion polling, psychometrics , decision t h e t r v . ~r-~b~ em solving, policy

sc iences , social and technological ~~~r t -  ist inc . and the various appli-

cations of expert opinion in law , ci ln ic ,d - r a  ~ , managemen t , de-

fense , and other areas.

This r e c o m m e n d a t i o n  is a i m e d  - it i nt * - ~ r t i n g  me t hod and f i n d i n g s

in the scattered terature on expert op icc i n  in lc .-sc- diverse areas

for the first time , at setting t ip  more ri t’ c r cc1 ~ sci entifi c standards

to minimize widespread abuses of expert opinion , and at promoting needed

scientific advances to maximize the contribution of expert opinion to

soc iety.

The integration of the data on expert opinion should meet four

goals. First , evaluate the methodology and findings of current use



cb  t e x per t  np in ion in g o v e r n m e n t  , industry and sc ience . St-ctnid , de ve i_ op

a c- onc- ept cial r :unework f o r  t h e  f ie l d as a w h o le  in t h e  form of a r ii d l—

m e n t a ry  t h e o ry  c i t  the soc m l  c isc of  e x p e r t  o p i n i o n .  i h i  rd , g en er at  e’

ri-commendat ions for f c L  ire research in expert op inion , wi t i c  spec in !

emphas i s  on met hodolo~ ca t im p r o v e m e n t s  f o r  g r e a t e r  a m e n a b i l i t y  to

s c i e n t i f i c  m e t h o d . And f i n a l l y , p rov ide  r ecommenda t ions  f o r  utore

c o s t — e f f e c t i v e  use of e x p e r t  o p i n i o n  and f o r  key safeguards against

m a j o r  abuses in p r a c t i c e .  I t  is hoped tha t such a study would contri-

bute towa r d t h e emergence  of an a p p l i e d  s c i e n t i f i c  field in its own

right , marked b y a critical and self—corrective literature on the so-

c i a l  use o t  expert opinion .

T u r n i n g  to t h e  second recommendat ion , p r o t o c o l  ana ly s i s  s i m p l y

refers to the notion of obtaining data at the time experimental be—

liavior is observed . This is done in participatory polling when the

subjec t is asked to wr i te  out his j u s t i f i c a t i o n  fo r  responding to an

item with his particular rating. The adversary reason is the item

protocol .  This  procedure has the great  advantage that the respondent

t e l l s  us what  he is t h i n k i n g  at the t ime he makes his judgment. This

approach is obviously superior to ana lysis f rom h i n d s i g ht  w i t h o u t  t he

b e n e f i t  of  the  “on — t h e — s p o t ” p ro tocol .  The general intent of this

second recommendat ion  is t h a t  basic research should be performed on

the information processing that occurs when experts respond to opinion

questionnaires , preferabl y by more sophisticated forms of protocol

analysis than rhose introduced in participatory polling.

The problem of snappy answers to complex problems was raised in

t he  i n t e r p r e t a ti o n  sec t ion  fo r  l engthy  ques t ionna i re s  where many ques-

t ions are answered In a relatively short t ime . As response time be-

comes shorter an(l shorter , the qualit y of opinion Is likely to get

poorer and ncorer. Human information processing t ime requires certain

mi nin i——g r ant i rc p large Individual differences. Simple and disjunctive

r e a c t i o n  t i n t - s require only fractions of a second ; simple verbal re—

as In ordinary conversat ion , require seconds; complex chains

i t  reasoning require minutes or hours.
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Proto col t h a i  v s i s  c o u l d  In v o l v e  c l o c k i n g  response t i m e s  t n r  I tess ,

or asking suh~ects t o  “think out i o u d ”  in a r r i v i n g  at  t h e i r  o p i n i o n ,

fol Lowing a s t r u c t u r e d  p r o c e d u r e .  Samp les of such  b e h a v i o r s  c o u l d  he

obtained from individual experts as p a r t  of a stud y on part ici patory

p o l l i n g  to r e c o n s t r u c t  p a t t e r n s  ot expert information processing i n

arriving at opinions . Such s t ud i e s  c o u l d  lead to improved types  of

opin ion  p ro toco l s  fo r  more e f f e c t i v e  exper t  op in ion  and to deeper

understand ing of the differences between experts and nonexperts.

Protocol  an al ys i s  is but  one examp le of basic  research w i t h  ex-

pert op inion . It is rather important and especiall y needed since the

item protocol is the distinguishing feature of p a r t i c i p a t o r y  p o l l i n g

compared to conventional questionnaires , and i t  has not  been s yst e m -

a tical l y researched . Advances in th i s  a rea could have majo r  impact
on the use of open—end responses in questionnaire instruments broadly

considered . The proposed literature review to integrate the field of

expert op inion , acid protocol a n a l y s i s  of expert information processing

appear to be promising initial steps toward scientific study of the

social use of expert opinion .

S .— .-~~~~~
—.- - 
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7 . -~~ - SUM MARY ANT ) C O N C L U S I O N S

~~The i.oed for this study arose from two sources. First , prior

review of Air Force and industrial practices in long—range R&t plann-

ing indicated that the most desirable and useful types of planning re-

quires substantial participation of p lanners and dec isionmake rs in

soliciting their assumptions , val ues , and op inions. Second , curren t

techniques for obtaining such inputs , such as Delph i, s u f f e r  f rom

numerous and severe limitations that need to be overcome . In response

t D  these needs , the technique of partic ipatory polling was developed

for a prototype trial in this study. This polling technique has five

key features : I) iterative polling, 2) participant—interpreted rea-

sons for  responses , 3) evaluation of the interpretations of others ,

4) quantitative and qualitative group feedback, and 5) formal question-

naire design and analysis.

7.1. Method

Participatory polling was applied to a sample of 10 Rand experts

for long—range R&D planning for the close air support mission in the

Air Force. A questionnaire of 24 items was deve loped , requestin g im-

por tance ra tings and reasons f or ra tings of var ious genera l scenar ios

concerned with: 1) type of war , 2) f Inding fixed versus mobile tar-

gets, 3) weather conditions , and 4) manned versus unmanned air penetra—

tion. Ratings and reasons were collected in the first round , and fed
-
~~~ back anonymously to the group for the final second round results. The

basic experimental design was embodied in a three—way analysis of var-

iance consisting of three main effects and their associated interac—

tions (i.e., 10 subjects versus 24 items versus two rounds).

j  7.2. Findings

it’ The data wcre computerized and subjected to extensive quantitative

and qualitative analyses , with the following seven major find ings .

1. Differences Between Mission Requirements: Item differences ,

which represent differences in mission requirements , were

substantial , credible , and statistically reliable (e.g.,

~
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mobile targets were generally considered more important than

fixed targets , and missiles were viewed as a greater threat

than guns for close air support planning).

2. Test Reliability: Test—retest reliability under round one

versus round two conditions (approximately one month apart)

was quite hi gh, with a med ian item reliability coefficient

of .89 for the 24 items (product—moment correlations). Only

about one—sixth of all item ratings (240 for all subjects

combined ) were changed from round one to round two . A mild

convergence effect was noted with almost all item standard

deviations decreasing f ro m round one to round two , wi th a

median reduction of 15 percent.

3. Disagreement Between Experts: Expert differences were sub-

stantial in evaluating the overall importance of items , and

were statistically reliable. For example , there was con—

siderable disagreement among experts over the value of manned

• versus unmanned airc raft for close air support planning, and

over the impact of weather and visibility conditions.

4. Agreements Between Experts: Concurrence of expert opinion

was strikingly demonstrated when specific reasons for opin-

ions were rated . That is, experts consistently agreed among

themselves in the second round as to whether particular rea—

sons collected from the first round were important or unim-

portant within the framework of a given item.

5. Personalized Expert Opinion : A related finding is that the

Rand experts held unique , spec ialized , and issue—specific

opinions demonstrated by statistically reliable results for

the interaction between items and subjects , and by person—

alized opinions tha t generally remained stable from the first

to the second round. The observed specialization of opinion

was fur ther supported by statistically reliable discrimina—

tion of the importance of reasons offered in support of

op inions.

6. Apprecia tion of Expert Op inion: In the qualitative f indings ,

the most frequently reported insig ht gained from this po1lint~
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a

experience was awareness of the rather wide range of observed

opinion and the highly diversified set of reasons and assump-

tions offered to support such opinion in the relatively spec-

ialized area of close air support.

7. Usefulness of Formal Technique : Almost all participants

found the experimental procedure useful for long—range R&D

planning, and provided numero us recommenda t ions f or improv ing

quantitative and qualitative procedures.

7 . 3 .  Concl usions

These initial prototype results are most encouraging. Results

from exper t op inion on R&D planning for the close air support mission

were generally cred ible and internally consistent. Theoretical leads

into similarities and differences of expert opinion , and in the indi-

vidualized structure and stability of expert opinion were notable.

Formal experimental procedures are explicit and replicable; they repre-

sen t a balanc ed form of adversary proced ure , amenable to quantitative

treatment; and associated measures were consistently found to be sta-

tistically reliable . The overall method appears to be more cost—effec-

tive and more scientif ically defens ible than competing iterative polling

techniques.

I’ 
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FIRST ROUND QUESTIONNA IRE INSTRUCTIONS
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1. INTRODUCTION

These forms are part of a Project RAN D study on long—range R&D

planning for USAF . This pilot study - is concerned with comparative

evaluation of planning equiremen ts and cand idate projects for the

Close Air Support mission. The inten t of the overall task--4s. to sys-

tematically assess 1) the relative priorities of cowpeting mission

requiremen ts , 2) preferences for proposed projects to satisfy these

requirements , and 3) the rationale for priorities and preferences as

de termined by op in ions expressed by Air Force policy makers and planners.

This questionnaire is focused on the first of those three objec—

tives—--the relative priorities of competing mission requirements.

Since the determination of such relative priorities is a matter of judg-

ment (as opposed to being amenable to quantitative analys i s) ,  we are

soliciting your sys tematic j udgment along with that of other qualified

experts. The results of this exercise will furnish a composite set of

priority—ordered operational needs , and the ra tionale for such needs ,

in the close air support mission . These results will serve as one of

several criteria in the selection among alternative candidate R&D projects.

2. GENERAL INSTRUCTIONS

Your individual responses will be kept strictly anonymous during

the course of this study and in the final report. The iterative pol l ing

procedure will permit you to become f ully fami liar wi th the an onymous

op inions and reasons for op inions given by the other participants in the

study. Although this procedure may resemble Delphi in certain respects ,

it represents a substantial modification in questionnaire design , develop—

men t , and app lication .
The general proced ure involves two rounds of the questionnaire . In

the first round , your  opinion is solicited on the relative importance of

several operational problem areas in the Close Air Support missior . The

scale runs from 0 = unimportan t , to 1 = marginally importan t , to

2 important , with 3 = very important as the highest rating.
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The next step is crucial for thIs technique. After deciding

upon your rating, you are requested to record the main reason wh y you

chose the particular importance rating for each item . The “main reason ”

should be as terse ~s possible , hop ef u lly a phrase or a sing le sentence .

The distinguishing feature of this questionnaire procedure is that

op in ion is backed up by reasons . Instead of the investigators

attemp ting to interpret the opinion of others , th is procedure is

designed to have participants interpret their own op inions. Previous

studies have shown that experts and policy makers are particularl y

interested in the va r i e ty  and c r e d i b i l i t y  of reasons for and against

expressed op inion so that more enlightened choices may be made. In

order for this goal to be accomplished , it is essential tha t every

importance rating be accompanied b y a reason fo r  the  ra t ing .

In the second round , the results of the first round are made

available to all participants. That is, you are informed of the fu l l

frequency distr ibution of ratings by all participants , with a listing

of reasons for  the importance ra t ings  fo r  each item. After inspecting

group feedback and becoming famil iar with the arguments and ra tionale

for the observed spread of gro up opinion , you are again asked to provide

an impor tance rating for the item , using the same scale.

Each partic4~pant will have the benefit of seeing whether the group

leans toward consensus or polarization , and the reasons offered by the

group for pooled results. In addition , each participan t will be able

to determine the extent to which his anonymous opinions match those

of others in the questionnaire sample.

It should be noted that this pro cedure is deliberately designed

to elicit differences in opinion , and the reasons for  such d i f fe rences
to facilitate the generation of a range of alternatives from which the

policy maker and p lanner can choose. It is not designed as a too l for

generat ing consensus th rough  group sugges t ion , nor does it put a

premium on consensus as is the case with Delphi. The approach is

fundamentally that of a balanced adversary process as determined by

par ticipant feedback.

- — - -- -~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - - -- . - - - -_ .- - - --- -—-~~~~~~~~~~~~~~
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The value of this study depends in large part upcn the quality

of your responses. If any ambiguities arise , check with the res~ arch

representative who arranged your participation in this project.

3. GENERAL APPROACH

There are three broad categories of operational problems in the

close air support mission that should be amenable to some improvement

through technolog ical advances:

(1) Copin~~with defenses: evading them , degrading them through

use of countermeasures , suppressing them through direct

attack, or physically des troy ing them .

(2) Finding and identifying targets: the entire process of

transferring target information to the person (pilot) who

is controlling the ordnance delivery .

(3) KillinA the target: delivering adequate amounts of

appropriately—designed ordnance with the necessary

accuracy.

In an attempt to simplify the procedural problems as much as possible in

this initial experiment , we have made the assumption that today our most

serious problems are in the areas of finding targets and coping wi th

defenses. Given some success at those tasks , we now have weapons and

delivery systems that are quite effective against a large class of

close suppor t targets.~~
1
~ We therefore concentrate primarily on the

first two classes of operational prob lems listed above . In this ques-

tionnaire we are seeking some understanding of the relative priorities

between those problem areas , which will then be used in the process of

evaluating the relative merit of competing R&D proposals.

(l)
one can argue , of course , that the three classes of problems are

so interrelated that progress in any one area contributes to success in
the other areas . Whi le  tha t  is cer ta inly t rue  to a degree , we believe
that they can be separated sufficiently to make this kind of analysis
useful.

j
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A level of detail is sought that will give useful and acceptable

guidance to the R&D decisionmaker. In this first experiment we have

elected to subdivide each broad problem area into two parts:

(1) coping with defenses ;

coping with guided defenses (i.e., Rissiles with post—

launch guidance)

coping wi th unguided , proliferation weapons (i.e., guns)

(2) finding and identifying targets;

fixed targe ts

movable or mobile targets.

We justify this subdivision on the basis that the technological advances

tha t might be devised to help solve those problems are, in broad terms ,

differen t between the subdivisions in each problem area, and therefore ,
this subdivision should be useful to the R&D planners.

We have further defined three “operational context” parameters :

(1) scenario (two types)

(2) visibility (two levels)

(3) degree of penetration (two classes)

These are defined in some detail below . We therefore have a potential

matrix of 2~ entries ; (2 kinds of defenses) x (2 kinds of targets) x

(2 scenarios) x (2 levels of visibility) x (2 degrees of penetration).

However , by deleting some contradic tory combinations , the final matrix

contains 24 rather than 32 entries.

Definition of Terms

Scenario: No one, of course, knows exactly where, or under what rules

of engagement , the  next wars will be fought . In fact , underlying each

*
The items deleted are those concerned with cqping with defenses

in situations involving penetration of defenses with unmanned vehicles.
Although it may be argued that survival of unmanned systems over the
battlefield is not a trivial problem , it was deleted from this initial ,
experimental quest ionnaire in the interest of simplicity.



decision in R&D project selection , there is a (usually imp licit) s~ t

of opinions on the relative likel ihood and impor tance of the var ious

alternatives. At this stage in the project , we wish to make this part

of the decision process more visible by specify ing two broad classes

of combat environment and asking for your judgments on the importance

of certain operational problems separately in each environment.

The two environments selected here are NATO and Third Area ,

defined as follows:

a. NATO: A major nonnuclear engagement in central Europe some-

time during the mid—l980s, probabl y along the lines of the

classic scenario; a massive Pact armored thrust focused on

a quick conquest of territory , possib ly all the way to the

Rhine. Full utilization of each side ’s forces and equipments

short of nuclear weapons .

b. Third Area: An engagement of major importance , involving forc es

of the U.S. and the S.U., bu t in a “third area ” so that neither

power is directly defending its own borders. The Mid—East is

currently a likely spot for such a confrontation, bu t by the

1980s , the focus could shift to the Indian subcontinent , to

South America , etc. The exact location is not too important.

The engagement would likely involve a much more cautious anc

controlled application of force by each major power than in the

NATO scenario , but first—line systems would be employed. The

war could be locally intense, and could last for months or even

• years, but the average rate of total resource allocation would

prob ably be less than in the NATO case.

Visibili ty: The problems of finding and identifying targets , and of

cop ing wi th defenses, are both influenced to an importan t dt~gree bY t :e

visibility conditions existing at the time . The options open to both sides

under clear day cond it ions are very different from those available as

the visibility beg ins to degrade , ei ther throug h atmospheric moisture ,

smoke/haze , or dark ness .
We have elected the sirrp lest possible categorization for this jfljtii1

experimen t; clear day and -restricted visibility.

~~~~~~ 
.

~~~~~~~~~

..



- -- -----~~~~-— -~~~~~~~~~~ -~~~~~~~~~ -~~~~~- -  -

-64-

a. Clear day; essentially unrestriLted visibility and ceiling,

during daylight hours.

b. R e s t r i c t e d  v i s i b i l i t y ;  an intermediate condit ion , such as

night be expected during winter in central Europe when

weather hampers flight operations but does not cause complete

stopp ing of all ground activity . Typically ,  visibility might

be less than a mile and ceilings less than 2000 f t , bu t  these

numbers should not be treated as anything more than very general

indications. 
-

Degree of Penetrat ion: Back in the old days , when there was only

free—fall ordnance , close air support operations required at least some

exposure to enemy surface—based defenses. Today , there is at least the

option to consider a set of possibilities in which manned air vehicles

are never exposed to battlefield derenses , b u t  ins tead stand back and
launch missiles , RPVs , etc. against the targets. Therefore, two cases

are considered; penetra t ion and nonpenetrat iori .

a. Penetration; a manned aircraft flies directly over the battlef ield

or at least near enough to come within effective coverage of

surface—based defenses that the enemy might dep loy in the fo rward

battle area.

b. Nonpenetration; all manned vehicles stay sufficiently well 
-

back over friendly territory so that they are not subject to

effective fire from enemy surface—based defenses.

Note that these assumptions comp letely ignore the problem of coping with

enemy fighter aircraft. This is comprehensively treated under separate

analysis and is not considered here .

4. INSTRUCTIONS FOR PLANNING REQUIREMENTS QUESTIOM~AIRE

This questionnaire lists 24 combinations of operational problems and

environmental context.

~ T. _
~~ TT. -



Environmantal  Con tex t  Operational Problems

Type of Environment Finding Target

1. NATO 7. Fixed Target

2. Third Area 8. Mobile Target

Visibility Conditions Coping with Defenses

3. Clear Day 9. Guided Weapons

4. Restricted Visibility 10. G~ms

Pene t ra t  ion

5. Manned Penetration

6. Nonpenetration

You are asked to ra te  each of the 24 items with  respect to the importance

scale as described in the previous section . In addition , you are requested

to write in the main reason for  your importance rating in the space provided

for each item. As mestioned earlier , your writteE reason should not be

longer than a single sentence . Please use pencil; it will be easier for

you to change your own responses as required .

A final word on what is meant by “importance .” How critically we

need some improvement in a particular operational area is a combination of

two factors; the “absolute ” importance of that operational capability, and

the extent to which we can accomplish it with today ’s forces. Consider

the following matrix:

- Today ’s capability

Hi Low

Imp ortance Hi B A
of

EMission Low C B

Items falling in box “A ” would deserve the highest importance rating, those

in box “C ” t he lowest r a t i n g ,  and those in boxes “ B” an intermediate rating .

We are not asking you to decompose your rating In this manne r (although sc~ e

such notions may emerge in your ‘reason ’ behind your r a t i n g ) ; this exanp ie

is used only as a way of further clarifying the importance rating.

- ______ - ~~~~~~~~. --
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Exhibit B

SECOND—ROUND QUESTIONNAIRE WITH DESCRIPTIVE STATISTICS

.‘
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1. INSTRU CTI ONS

This questionnaire contains two form s for the second round. We

would greatl y apprec iate your tilling o u t  these forms promptly and re-

tu r n i n g  them to us w i t h i n  one week of your recei pt of this material.

The second round forms have been designed to be self-administering.

However , if any problems arise , p lease do not hesitate to call us.

The first form is the Second Round Eva luation of Close Air Support

Miss ion  R e q u i r e m e n t s .  Th i s  form incorporates the 24 items of the  f i r s t -

round questionnaire with new information. The new material inc ludes

statistical and verba l group feedback from the first round. The de-

scriptive statistics inc l ude the rating scale trequency distribution ,

the mean , and standard deviation for each item.

You are aske d to examine the l ’s t ed  reasons c a r e f u l l y f o r each

i tem , and t hen to  provide  the eva l ua t i ve  i n f o r m a t i o n  reques ted  for  th e

item. All first-round ratings and reasons have been kept anonvtnous .

• Rate the importanc e of each of the reasons put forth for assessing

eac h i tem , u n t i l a l l  l i s t e d  reasons  are  evaluated with the standard-

ized rating scale. (Very Impor t an t  = 3; Important = 2; Marginally

Important = 1; Unimportant = 0 . )  A f t e r  you have examined and r a t ed

t he several  reasons l i s t e d  for the i t em , recons ider  your  f i n a l over-

a l l  importance r a t i n g  for the R&D value of the i tem fo r  the ope ra t i ona l

Close Air Support Mission. -

Your second rating may either remain the same or be revised in

~ 
¶ accordance with your estimate of group feedback in relation to your

persona l opinion. As mentioned in the instructions for the first

round , this procedure is deliberatel y designed to elicit differences
- 

in opinion , and the reasons for such differences , to generate a range

of competing alternatives from which the policy maker and planner can

choose. It is deliberate l y based on a balanced adversary procedure ,

and is not intended to induce consensus through group suggestion.

You are requested to rate group feedback on all 24 items , and to

provide overall ratings for each item as indicated above for R&D plan-

ning for the Close Air Support Mission. Space is also provided for

-

~

-

~

- -

~ 

- -
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-
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additiona l , optional comments on each item in the event you feel some

Important or significant considerarion has been omitted or overlooked.

The second form is a quick , one-page Questionnaire Eva luation.

The items are concerned with your overall estimate of the benefits ,

Liabilities , and genera l impac t of this technique in support of R&D

planning. The questions in this form are self-explanatory. Open-end

items should not be longer than a single sentence.

A copy of your original first-round questionnaire is also enclosed

for  your  c o n v e n icn c e  in l ook ing  up d e f i n i t i o n s , procedures , and y o u r

first-round responses if you so desire.

Please fill in your name on the third page , and use pencil to

make it easier for you to change any entries . Your second-round re-

sponses wilt also be kept anonymous in the final results for this

exercise.

We greatly apprec iate your hel p ful and constructive cooperation

in deve lop ing and evaluating this technique for more effective R&D

A ir Force p lann ing .

&

‘-~ __ _ _ ~_±_ .I_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Name _________________________________

2. SECOND ROUND EVALU ATION FOR CLOSE AIR SUPPORT MIS SION

1.. Coping with Missiles: NATO War, Clear Day, Manned Penetration

First round frequenc ies of importance ratings :

0 - Unimportant 0 2 - Important 4 Mean 2.40
1 - Marg in a l l y important 1 3 - Very Important 5 St.D. .70

Reasons for Ratings Importance Rating
for Each Reason

a. SAM threa t and general missile threat is a vital
problem for NATO manned penetration. 2.7 .48

b. This opera tiona l requirement is very high pri-
ority for operators of manned systems . 2.6.. .70

c. ECM and missile tac tics are reasonably effec-
tive today . .92

d. Only shallow and reduced close air support will
be tolerable against heavy expected losses. 1.6 1.43

*your Second Round Importance Rating for this item. 2 .6 .52

(Means) (SD ’s)
Additional Second Round Reason : ________________________________

2. Coping wi th Missiles: Third Area , Clear Day, Manned Penetration

- Firs t round frequenc ies of importance ratings :

0 - Unimportant 0 2 - Important ~ Mean 1.80

1 - Marg i n a l l y  Impor tan t  4 3 - Very Importan t 2 St.D. .79

Reasons for Ratings Importance Rating
for Each Reason

a. ECM and missile tactics are reasonably effec-
tive . 1.5 1.18

b. It is especiall y important to cope with high
alti tude missiles to avoid low-altitude prolifer-
ation weapons . 2 .2  . 79

c. Poli tical pressures  require minimal manned penetra-
tion losses. 1.8 1.03

d. Depends on area and availability of missiles--
more important for Middle-East than other areas. 1.7 1.16

*your Second Round Importance Rating for this item . 2.0 .67

Addi tiona l Second Round Reason : 
(Means) (SD ’’~

*Overall  mean and standard deviation for the item importance rating is
listed at this entry throughou t this questionnaire. 

--~~~~- - - - ~~~~—
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3. Coping with Guns: NATO War, Clear Day, Manned Penetration

First round trequencies ot importance ratings :

O - Un important 2 2 - Important 5 Mean L.~.Q.
1 - M a r g i n a l l y Impor t an t  2 3 - Very Important 1 St.D. .9/

Reasons for Ratings Importance Rating
for Each Reason

a. Not important because a solution exists :
over f l igh t. U.. 1.20

b. High p r i o r it y because large numbers of guns are
concentrated along FEBA , wit h cu rren t lack of
adequa te countermeasures. LI 1.29

c. USAF already has capability to counter guns , espe-
c ia l ly if standoff capability is available. 1..J.. 1.10

Your Second Round Impor tance Rating for this i tem. i....s. .97

Addi tional Second Round Reason : (Means) (SD ’s )

4. Coping with Guns: Third Area, Clear Day, Manned Penetration

First round frequencies of importance ratings :

0 - Unimportant 3 2 - Impor tan t  3 Mean 1.20
I - Marginally Important 3 3 - Very Importan t I S t . D .  1. 0.3

Reasons for Ratings Importance Ratin~
for Each Reason

a. Not important because big caliber radar-con-
trolled guns tend to be the exception : over-
f l i ght is the solution . 1.14

b . Gun concentration is high and there is a current
lack of adeq uate countermeasures. 1.18

C.  Exper ienc e in Vie tnam and Yom Kippur Wars indica te
that better manned system capability is required
for this threat. L~ . 1.35

d. Not important if gun concentration is not dense and
if standoff capability is available. 1.40

Your Second Round Importance Rating for this item. U .  1.06

Additiona l Second Round Reason : (Means) (SD ’s .~

- ~~— . ~
- ——---:-: - —•—-- -

~ -~
:—:-— -- -.- - 

-~~ 
,;

~_- • - -. • .
~.- 

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



- • — 7 1 —

5. Finding Fixed Targets: NATO War, Clear Day, Manned Penetration

Firs t round freq uencies of importance ratings :

0 - Unimportant 0 2 - Important 6 Mean 1.60

1 - Marginally Important 4 3 - Very Important 0 St.D. .52

Reasons for Ratings Importance Rating
for Each Reason

a. We now have good capability f or f inding and
identif y ing fixed targets in clear wea ther . 1.7 1 .34

b. Because of effective enemy de f enses , manned sys-
tems will be forced to use tactics not optimum
for  targe t d e t e c t i o n .  i~~. 

1.10

C.  There are signiticant problems with coimnon grid
sys tems and prec ision navi gation systems . 2.1 .88

Your Second Round Importance Rating for this item. 1.5 .53

(Means)  (SD ’s )
Addi tional Second Round Reason : __________________________________

6. Finding Fixed Targets: Third Area, Clear Day, Manned Penetration

• First round frequencies of importance ratings :

0 - Unimportant 0 2 - Important 6 Mean 1.80
I - Marginally Importan t 3 3 - Very Imporant 1 St.D. .63

Reasons for  Ra t ings  Importance Ra t ing
for Each Reason

a. Because of effec tive enemy defenses , manned sys-
tems will be forced to use tactics not optimum
for target detection . 1.6 1.08

b. There are very few fixed targets for which good
capab ility does not exist in clear weather , par-

— ticularly if locations are known . 1.7 1.16

c. There are significant problems with common grid
systems and precis ion navigation systems . 2.1 .74

d. Important problem because locations are less well
known than in NATO , and natural cover may presen t
greater difficulties. 1.7 .82

Your Second Round Importance Rating for this item. 1.8 .63

Addi tiona l Second Round Reason : 
(Means) (SD’s)

.- — —. - 
_

; - - -
-
- - — , — - - .
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7. Finding Mobile Targets: NATO War , Clear Day, Manned Penetration

First round frequencies ot~ importanc e ratings:

O - Unimportan t 0 2 - Important 3 Mean 2.30

I - Marginall y Important 2 3 - Very Important 5 St.D. .82

Reasons for Ratings Importance Rating
for  Each Reas on

a. We must  s top  t ank  a s s a u l t  or L o s e ;  we have
trouble now and camoflage makes it tougher .  2 .6  .97

b. Under clear conditions in a NATO setting there
should  be no problem finding mo~ i1e targets. 1.2 1 .14

c. Effective defenses and navigationa l difficulties
create many tactical problems for CAS . 2 . 2  1.03

d. Demands of time-urgent allocation of scarce sor-
ties require improved real-time battlefiel d sur-
veillance. 2.4 .97

Your Second Round Importance Rating for this item. 2 .5 .53

Addi tiona l Second Round Reason : 
(Means) (SD ’s)

8. Finding Mobile Targets: Third Area , Clear Day, Manned Penetration

F i r s t  round f r equenc ies  of importance ratings :

0 - Unimportan t 0 2 - Important 2 Mean 2.60

1 - M a r g i n a l l y I m p o r ta n t 1 3 - Very Important 7 St.D. .70

Reasons for Ratings Importance Rating
for Each Reaso n

a. With sorties at a premium , we can ’t afford to

- ;  waste any . 2.0 .82

b. No problem finding mobile targets under clear
day c o n d i t i o n s  in t h i rd  a rea .  .70 1.06

c.  Great  d i f f i c u l t i e s  in identifying enemy targets
when bo th siles may be us ing same type of tank.  2 . 3 .82

d. Mobile targets may be hard to de tect , depend ing
on terr ain and camoflage . 2.4 .84

Your Second Round Importance Rating for this item . 2.7 .48

Add itiona l Secoc~d Round Reason : 
(Means) (SD ’s )

_ :

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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9. Coping wi th  Missiles: NATO War, Restricted Visibility, Manned Penetration

First round frequencies of importance ratings :

0 - Unimportant 0 2 - Important 3 Mean 2.30
1 - Marginally Impor tant 2 3 - Very Impottant 5 St.D. ~~~

Reasons for Ratings Importance Rating
for Each Reason

a. The u rgen t  need for  CAS means tha t a/c mus t
ope ra te  even unde r low c e i l i n g s  and a t  shor t
slan t ranges if standoff capability is not
available. 2.2 1.23

b. High pr iority because of quantity and qua l ity of
SAM ’s and A t M ’s, and assoc iated radar which over-
comes effec t of restricted visibility and forces
a/c to lower altitudes. 2.1 .88

c. Important mission , howev er ECM and tac tics are
reasonabl y effec tive. 1.1 1.10

d. Al though coping with hig h-altitude missiles is im-
por tan t , technolog ical requirements are not tha t
difficul t. 1.0 .67

Your Second Round Importance Rating for this item. 2.6 .52

Addi tional Second Round Reason : 
(Means) (SD ’s)

10. Coping wi th  M i s s i l e s :  T h i r d  Area, Restricted Visibility, Manned Penetrati-~~

First round frequencies of importance ratings :

0 - Unimportant 1 2 - Importan t 3 Mean 1.60
1 - Marginal l y Impor tant 4 3 - Very Important 2 St.D. . 9 7

Reasons for Ratings Importance Rating
for Each Reason

a. Forge t the sortie if missiles are that much of
a problem . 1.4 1.43

b. High pr iority because of effec tive missile sys-
tems and less effective counter-missile systems
with restric ted visibi 1i~ y. 1.8 1.14

c. Important mission , howeve r ECM and tac tics are
reasonabl y effective . 1.5 1.08

d. Wi th exception of Middle East , th ird areas are
no t l ike ly in the near future to have sophisti-
ca ted SAM systems. .70 .68

Your Second Round Importance Rating for this item. 1.7 .95

Addi t i ona l Second Round Reason : (Means )  (SD ’ s )

_

~
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11 . Coping with Guns: NATO War, Restricted Vis ibil i ty, Manned Penetration

First round frequencies 01 i m p o r t a n c e  r a t i n g s :

0 - Un important 0 2 - Imp o r t a n t  7 Mean 1.7 0
1 - Marg inal l y Important 3 3 - Very Impor tant  0 S t . D .  . 48

Reasons for Rat ings Importance Rating
for Each Reason

a. If miss ion  m u s t  be f l ow n , accept  the r i sk  w i t h
curren t capab il ity . .70 1.06

b. USAF capabilities against gun de fenses are prob-
abl y not as good with restricted visibility. 1.5 .85

c . Overf l ight is a current solution requiring no
research. 1.0 1.16

d . Must fl y lowe r to see targets , dr iving a/c into
gun and opt ical range . .70

Your Second Round Importance Rating for this item. 1.8 .63

Addit iona l Second Round Reason : (Means) (SD ’ s )

12. Coping w i t h  Guns: Thi rd  Area, Res t r ic ted V i s i b i l i t y ,  Manned Penetration

Firs t round frequencies of importance ratings :

0 - Unimportant 1 2 - Important 6 Mean 1.50
1 - Marg i n a l l y  Impor t an t 3 3 - Very Important 0 St.D. .71

Reasons for Ratings Importance Rating
for Each Reason

a. (JSAF capabil ities against gun defenses need
improvement for restricted visibility conditions
which forces a/c into optical range. 2.1 .88

b. This threa t is less severe than in clear wea ther
because of d ifficulty AA has in acquiring a/c
target. 1.8 1.23

c. Overfligh t is the solution--the research burden
is on targe t finding and attacking. 1.1 1.10

d. Impor tance of this th reat depends on concentra -
don of guns in third area and whether standoff
capabil ity is sensitive to restricted visibility. 1.8 .92

Your Second Round Importance Ra ting for this item . 1.6 .70  —

Addi tiona l Second Round Reason : 
(Means) (SD ’s)

-~~~~~ -~~
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13. F ind ing  Fixed Targe t s :  NATO War ,  R e s t r i c t e d  V i s i b i l i t y ,  Manned
Penetration

First round frequencies of importance ratings :

O - Unimportant 0 2 - Important 4 Mean 1.80

1 - M a r g i n a l l y  I m p o r t a n t  4 3 - Very Important 2 St.D. .79

Reasons for Ratings Importance Rat ing
for Each Rea son

a. Very important  research  area because of the de-
sire to o v e r f l y  the w e a t h e r  to avoid de fenses .  1.7 . 95

b. Send a m i s s i l e  or RPV for this threat , not man-
ned a/c . 1.8 1.40

c. Assuming air base attacks , use spec ial sys tems
for few high priority fixed targets that cannot
wai t . 2 .0  1.05

d. With restricted visibility there is a lack of
a b i l i t y  to a c c u r a t e l y  locate t a r g e t s , except  for
those tha t radiate . 1.8 1.03

Your Second Round Importance Rating for this item. 1.6 .70

(Means ) (SD ’ s )
Addi tional Second Round Reason : _________________________________

14. Finding Fixed Targets :  Third  Area , R e s t r i c t e d  V i s i b i l i ty ,  Manned
Pene t ra t ion

Firs t round frequencies of importance ratings :

O - Unimpor t an t  1 2 - Important 5 Mean 1.80
1 - Marginal l y Imp o r t a n t  2 3 - Very Important 2 St.D. .92

Reasons for Ratings Importance Rating
for Each Reason

a.  Unimpor tan t  f ixed targets can be attacked when
convenient , i.e., clear weather. 1.5 1.35

b. Very impor t an t  research area because of the de-
s ire to o v e r f l y the weather to avoid defenses. 1.4 .84

c. Send a m i s s i l e  or RPV for  t h i s  t h rea t , not manned
a/c . 1.2 1. 40

d. We lack ability to accura te ly locate ta rge ts , ex-
cept  for  those tha t r ad ia t e .  .92

Your Second Round Impor tance  R a t i n g  for  th is  item . 1.6 .84

r. Addi t iona l Second Round Reason : 
(Means) (SD ’ s )  

~~~~~~~~~~~~~~~~~~~~~~ 
~
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15. Finding Mobile Targets: NATO War, Restricted Visibility, Manned
Penet ration

Firs t rou nd f r equenc ies of impor tance ra t ings :

O - Unimportant 0 2 - Important 3 Mean 2.50
1 - Marginally Impor tant 1 3 - Very Important 6 St .D. .71

Reasons for Ratings Importance Rating
for Each Reas on

a. With res tricted visibility , ground war tends to
slow down and fewe r sor ties are used , therefore ,
CAS is not decisive for this threat. .80 .63

b . Demands of time-urgent allocation of scarce sorties
require near-real-time battlefield surveillance ,
espec ial l y for NATO/CAS. 2.7 .48

c. Ex treme ly important to find mobile targets in mar-
gina l weather , wh ich  occurs much of the t ime in NATO . 2 . 7  .48

d. We mus t stop tank assault or lose. 2.3 1.06

Your Second Round Importance Rating for this i tem. .52

Additional Second Round Reason : 
(Means) (SD ’s)

16. Finding Mobile Targets: Third Area, Restric ted Vis ibility, Manned
Pene t ra t ion

First round frequencies of impor tance ratings :

O - Unimportant 1 2 - Impor tan t  4 Mean 2.10
1 - Marginally Important 1 3 - Very Important 4 St.D. .99

Reasons for Ratings Importance Rating
- : 

for Each Reaso n
a. Less urgent  than in NATO , howeve r , mobile targe ts

may be much less visible , depending on terrain . 2.3 .68

b. With inaccurate location, and leng thy processing
time , numbers and value of effective targets are
decreased. 2.0 .82

c. We must stop tank assault or lose. 1.3 1.16

d. Important resea rch area because of desire to overfly
the weather to avoid defenses. 1.6 .97

Your Second Round Importance Rating for this item. 2.1 .88

Add itiona l Second Round Reason : 
(Means) (SD ’s

- -  - --—- -~~~~ -- - -  -~~~--—- -~~ ---- --- -— -~~~~~~~~~ - - -~~~~~~~~~---S - ---- - “ -~~ —-- --
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17. F i n d i n g  Fixed Target s :  NATO War , C lea r  Day, Nonpenetration

Firs t round frequencies of importance ratings :

0 - Unimportant 0 2 - Important 5 Mean 1.90

1 - Marginally Important 3 3 - Very Important 2 St.D. .74

Reasons for Rat~ings Importance Rating
for Each Reason

a . You can ’t hit what you can ’ t see ; intelligence
probl em with fixed targe t identity and location . 1.7 1.12

b. Unmanned navigationa l and termina l sensor cap-
abil ity required to rep lace man ned pene tration
systems which are seriously degraded  by effective
defens es . ?.~~. 

1.06

c . Except for easil y f ound f i xe d targe ts , res ea rch  is
not vital for developing standoff against other
types of targets. 1.1 .99

d. Present capability is good ; this is a very small
target class. 1.2 1.14

Your Second Round Importance Rating for this item. 1.9 .74

Additiona l Second Round Reason : 
________ — 

(Means ) (SD ’s)

18. Finding Fixed Targets: Third Area , Clear Day, Nonpenetration

Firs t round frequencies of importance ratings :

0 - Unimportant 0 2 - Important 4 Mean 1.80
I - Marginall y Impor tan t 

~ L.. 
3 - Very Important 2 St.D. .79

Reasons for Ratings Importance Rating

- ;  for Each Reason
a . If job can ’t be done with manned a/c , it is

probabl y not worth the expense to do it at all ,
espec ially with lower targe t densities. 1.0 .82

b . Develop good missile or RPV navi gation and term-
ina l sensors for this job and leave manned a/c
at home. 1.9 1.20

C . Except for easily found fixed targets , research
is not vital for develop ing standoff against other
types of targe ts. 1.14

d. Locat ions are not as well known as in NATO setting,
and ground-to-air corm~unications are not up to
NATO standa rds , which makes this requirement more
important. 2.1 .88

Your Second Round Importance Rating for this i tem. 1.9

Add i tional Second Round Reason : 
— 

(Mean s) ~~~
‘s)

LT - T ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  
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19. Finding Mobile Targ~~t s :  NA TO War , Clear Day, Nonpenetration

First round irequencies ~ f importance ratings :

0 - Unimportant 0 2 - Important ~+ Mean 2.00
I - Marginall y Important 3 J - Very important 3 St.D. .82

Reasons for Ratings Importance Rating
for Each Reason

a. Important mission , but presen t capability is
reasonably good and no vita l research is needed. .90 . 74

b. Capability required to rep lace man ned penetration
sy s t e~n-; w h i c h  a re  s e r i o u s l y  degraded b y tough de-
f e ns e s  g e t t i n g  toug h e r .  

~~~~~~ 
1.06

c. M a r g i i ; a l , u n l e s s  t he re  is a two -way da ta  l i n k  for
constant up date on position so tha t targe t will be
there when weapon arrives. 1.8 1 .23

Your Second Round Importance Rating for t h i s  i tem . 2 . 3  .82

. - (Mea ns ) (SD ’ s )
A d d i t i o n a l Second Round Reason : __________________________________

20. F i n d i n g  Mobi le  Targets:  Th i rd  Ar ea~~ Clear  Day, N o n p e n e t r a t i o n

F i r s t  round f r e q u e n c i e s  or im portance ratings :

0 - Unimpor tant 0 2 - Important 3 Mean 1.70
1 - M a r g i n a l l y I m p o r t a n t  5 3 - Very Important 2 St.D. .82

Reasons for Ratings Importance Rating
for Each Reason

a. Resupp ly is a bi g problem in third area--strike
targets with minimum waste of weapons . 1.6 .84

b . Important mission because of generall y poor
ground-to-air liason in third areas. 2 .1  .88

c. Unless it is a M i d d l e  East  s cena r io , t he re  may not
- , be enough targets , which p laces more stringent re-

‘ quirements on midcourse and termina l guidance. 1.5 .85

d . Given lowe r targe t densities in third areas , it
is probably not worth the expense to do it at all
i f  we can ’t do it with manned a/c. 1.4 1. 27

e . Although research is important for identification ,
this m i s s i o n  is low priority . 1.2 .92

Your Second Round Importance Rating for this item . I..6 .70

Additiona l Second Round Reason : 
(Means ) (SD s)
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21. Finding Fixed Targets :  NATO War , Res t r i c ted Vis ib i l i ty ,  N o n p e n e c r a t i o n

First round frequencies of importance ratings :

0 - Un important 0 2 - Important 2 Mean 2.00
I - Marginally Important 4 3 - Very Import t 4 St.D. .94

Reasons for Ratings Importance Rating
for Each Reason

a. If we can do this in clea r weather firs t , it

- 
jus t may be enough.  Li 1.08

b. Although research is needed to achieve full cap-
a b i l i t y ,  this miss ion  is low p r i o r i t y .  1.2 1.03

c. We lack the a b i l i t y  to accu ra te l y locate target s ,
except , possibl y, for those tha t rad ia te - -we  can ’t
hit what we can ’t see. 2.2 1.14

d. Develop good missile or RPV navigation and ter~~nal
sensors for this job , and leave manned a/c a t  botae . 2. 2 1.03

Your Second Round Importance Rating for this it~n. ~ j. .88

Additional Second Round Reason : 
(Means) (SD ’s)

22. Finding Fixed Targets: Third Area , Restricted V4 sibil ity, N o n p e n e t r a t i o n

First round frequencies of importance ratings :

0 - Unimportant 1 2 - Important ~‘ Mean 1.80
I - Marginally Important 2 3 - Ve r y Importan t 2 S t . D .  .92

Reasons for Ratings Importance Rating
for Each Reason

a. Important mission becuase of generally poor
ground-to-air liason in third areas. 1.8 1.14

b . Wait for be tter weather--unimportant mission . 1.4 1.27

c. More difficult to accurately locate targets; al-
t hough numbers and value of targe ts are decreaset,
t h i s  is s t i l l  an important mission requiring re—
sea r c h .  2 .0  .67

I *,~ ‘houg h re s.~arch is needed to achieve full cap—
s b i l t t i , t h i s  mission is low priority. 1.4 1.27

s ’  ~~~c o n d  Round Importance Rating for this it~~~. 1.7 .82

- (Means) (SD ’s)
- - ‘ ,~~1 ~~c nid Round Reason : _________________________________

_ _
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23. Finding Mobile Targets : NATO War , Restricted V i sib ility , Nonp enetr am ion

First round frequcocies of importance ratings :

0 - Unimportant 0 2 - Impor tant  2 Mean 2 .00
1 - Marginally Important 4 3 - Very Important 4 St.D. .94

Reasons for Ratings Importance Rating
for Each Reason

a . A l thoug h p r e s e n t  c a p a b i l i t y  is mode ra t e ly  good ,
the need -for improved real-time battlefield sur-
veillance and the great importance of this mission
snakes it hig h priority for research. 2.2 1.23

b. Althoug h research is needed to achieve full capability,
th i s  mis s ion  is low p r i o r i t y  ex cept  for l i m i t e d  areas.  1.1 .88

C. Do the job in clear weather first before getting
fancy. Li. 1.18

d. C a p a b i l i t y  is required to rep lace manned pene tra-
tion systems which are seriousl y degraded by effec-
tive defenses. ~.,.j .99

Your Second Round Importance Rating for this item . .79

(Means) (SD ’s)Addi t iona l  Seco nd Round Reason : _________________________________

24. Finding Mobile Targets: Third Area, Restricted Visibility, Nonpenetration

First round frequencies of importance ratings :

0 - Unimportant 0 2 - Impor tan t  3 Mean L12.
1 - Marginally Important S 3 - Very Important 2 S t . D .  .82

Reasons for Ratings Importance Rating
for Each Reason

a. In third areas there is more freedom in wait-
irig for the wea ther to clear.  1.6 1.27

b. Except for a Middle-East setting, there may not
be enough targets , which places more stringent
requirements on midcourse and termina l guidance. !.d 1.06

c. A l t houg h r esea rch is needed to achieve full cap-
ability , this mission is low priority except for
limited areas. 1.1 .88

d. Wi th inaccurate location and long processing times ,
numbers  and v a l u e  of t a r g e t s  are  decreased in this
setting. 1.4 1.08

Your Second Round Importance Rating for this it~~s. 1.6 .70

Additiona l Second Round Reason : _____ —- 

(Means) (SD’s)
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3. OVERALL Q U E S T I O N N A I R E  EVALUATION

*1. What was your most important insig ht in working with his ques-

tionnaire ? Great range and d i v e r s i t y  of expe r t  op i n i o n s  and

as sumpt ions  fo r  R&D p l a n n i n g .

*2. Wha t information or circumstances made this insigh t possLbIe ?

Variety and scooe of e x p e r t - e l i c i t e d  reasons  shown for each of

the  q u e s t i o n n a i r e  i t ems .  -

3. Did this insi ght primaril y occur: alone at the desk 7 , or

in group discussion 0 , or both 2 ?

*4~ Wha t was your  g rea t e s t  d i f f i c u l t y  in responding to this ques-

tionnaire ? Various tynes of ambiguity in interpreting iteos .

*5~ What is your r e c o m m e n d a t i o n  f ar  reduc ing  or e l i m i n a t i n g  th i s

d i f f i c u l t y ? R e d u c t i o n  of I- -
~ anb~guity b y var ious  means.

6. How reliable are your overall reported estimates and responses

for this questionnaire ? Very Reliable 2 , Fairly Reliable 6 ,

Marginally Reliable 1 , Unreliable 0

S
7. How successful was this questionnaire in hel pi~ng you to organize

your thinking and p lanning for the Close Air Sapport mission ?

Very Successful 0 , S u c c e s s f u l  2 , Marginal ly Success fu l  7 ,

Unsuccessful 1
. S -

*Open_end responses , discussed in the report. Most popular or
most  f r e q u e n t  respo nses to each of these  is parap hrased and summarized
above .
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