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A b s t r a c t 

A t the p r e s e n t s tage o f r e s e a r c h i n a r t i f i c i a l 
i n t e l l i g e n c e , machines a r e s t i l l remote f rom a c h i e v i n g 
a l e v e l o f i n t e l l i g e n c e comparab le i n c o m p l e x i t y t o 
human t h o u g h t . As computer a p p l i c a t i o n s become more 
s o p h i s t i c a t e d , however, and thus more i n f l u e n t i a l i n 
human a f f a i r s , i t becomes i n c r e a s i n g l y i m p o r t a n t t o 
u n d e r s t a n d b o t h t he c a p a b i l i t i e s and l i m i t a t i o n s o f 
machine I n t e l l i g e n c e and i t s p o t e n t i a l impac t o n s o c i e t y . 
T o t h i s end , t he a r t i f i c i a l i n t e l l i g e n c e f i e l d was ex
amined in a s y s t e m a t i c manner. The s t u d y was d i v i d e d 
i n t o two p a r t s : 

(1 ) D e l i n e a t i o n o f areas o f a r t i f i c i a l i n t e l l i 
gence, and p o s t u l a t i o " o f h y p o t h e t i c a l p r o d 
u c t s r e s u l t i n g f rom p rog ress i n the f i e l d , and 

(2 ) A j u d g m e n t a l p o r t i o n , wh ich i n v o l v e d a p p l i 
c a t i o n s and i m p l i c a t i o n s o f the p r o d u c t s to 
s o c i e t y . 

For t h e l a t t e r pu rpose , a D e l p h i s tudy was conduc ted 
among e x p e r t s i n t h e a r t i f i c i a l i n t e l l i g e n c e f i e l d t o 
s o l i c i t t h e i r o p i n i o n c o n c e r n i n g p r o t o t y p e and com
m e r c i a l d a t e s f o r the p r o d u c t s , and the p o s s i b i l i t y and 
d e s i r a b i l i t y o f t h e i r a p p l i c a t i o n s and i m p l i c a t i o n s . 

1 . I n t r o d u c t i o n 

I n the near f u t u r e , i n t e l l i g e n t machines w i l l r e 
p l ace o r enhance human c a p a b i l i t i e s in many a reas p r e 
v i o u s l y c o n s i d e r e d s t r i c t l y w i t h i n the human domain . 
Such machines w i l l a f f e c t the everyday l i v e s o f peop le 
i n ways un ique i n t he h i s t o r y o f mank ind , and w i l l 
change the f a c e o f s o c i e t y as we now know i t ( c . f . , 
Weizenbaum, 1972 ) . A l t h o u g h many p h i l o s o p h e r s , s c i e n c e 
f i c t i o n w r i t e r s , and o t h e r s have c o n j e c t u r e d about 
r o b o t s and o t h e r p r o d u c t s r e l a t e d t o a r t i f i c i a l i n t e l 
l i g e n c e , as f a r as we know t h e r e has been l i t t l e e f f o r t 
t o examine the A I f i e l d a s a who le ( i n i t s r e l a t i o n t o 
s o c i e t y ) i n an o r g a n i z e d manner. A t t h e reques t o f the 
I n s t i t u t e o f E l e c t r o n i c and E l e c t r i c a l Eng ineers (IEEE) 
to conduc t a t e c h n i c a l f o r e c a s t i n g and assessment s tudy 
i n one o f i t s v a r i o u s f i e l d s o f i n t e r e s t , t he San 
F r a n c i s c o Chap te r o f t ho IEEE Systems, Man, and Cyber 
n e t i c s S o c i e t y s e l e c t e d the f i e l d o f a r t i f i c i a l i n t e l 
l i g e n c e ; t h i s paper r e p o r t s o n the r e s u l t s o f t h i s s t udy , 
A f t e r a n i n i t i a l f ramework was e s t a b l i s h e d , the coop
e r a t i o n o f o t h e r o r g a n i z a t i o n s , such as the ACM S p e c i a l 
I n t e r e s t Group o n A r t i f i c i a l I n t e l l i g e n c e (SIGART), the 
Wor ld F u t u r e S o c i e t y , and the I n s t i t u t e f o r the F u t u r e , 

was o b t a i n e d . 
* The r e s e a r c h r e p o r t e d here was sponsored in p a r t by 
a g r a n t f r o m the N a t i o n a l Sc ience F o u n d a t i o n (GJ-37696) 
t o t h e I n s t i t u t e o f E l e c t r i c a l and E l e c t r o n i c s Eng inee rs . 

The p resen t paper d e s c r i b e s the d e r i v a t i o n o f the 
D e l p h i q u e s t i o n n a i r e wh ich forms an i m p o r t a n t par t o f 
the s t u d y , an a s s o c i a t e d d e t a i l e d e x a m i n a t i o n o f the A I 
f i e l d , the D e l ph i s tudy i t s e l f , the r e s u l t s o b t a i n e d i n 
the s t u d y , and f i n a l l y , t he i m p l i c a t i o n s o f the s t u d y . 

F o r e c a s t i n g and Assess ing the A I F i e l d 

Why b o t h e r to make an e f f o r t to p r e d i c t f u t u r e de 
ve lopments in AI? On the one hand i t h a r d l y seems w o r t h 
w h i l e t o p l a n f u r t h e r ahead than ten y e a r s . Th ings a re 
chang ing so r a p i d l y tha t any a t tempt to p r e d i c t c o n 
d i t i o n s more than a decade hence are l i k e l y to be s e r i 
o u s l y wrong i n a t l e a s t s e v e r a l i m p o r t a n t r e s p e c t s . 
The c o m b i n a t o r i a l power o f t he e x p o n e n t i a l cu r ve tends 
t o make s h o r t - t e r m f o r e c a s t s o v e r l y o p t i m i s t i c w h i l e 
l o n g - t e r m f o r e c a s t s are observed t o be o v e r l y p e s s i m i s 
t i c . Moreover , t he u n a n t i c i p a t e d appearance o f s a t u -
r a v i o n e f f e c t s can r a d i c a l l y a l t e r t he b a s i s o f a f o r e 
c a s t . 

On the o t h e r hand, we tend to make d e c i s i o n s p r a c 
t i c a l l y eve ry day t h a t must reach beyond a decade, or 
o c c a s i o n a l l y even a c e n t u r y l For example, new b u i l d i n g s 
a re n o r m a l l y des igned f o r an occupancy o f one hundred 
y e a r s . Because computer systems a l s o have the p o t e n t i a l 
f o r l o n g te rm e f f e c t s o n human l i f e and s o c i e t y , I t . i s 
i m p o r t a n t t h a t the i m p l i c a t i o n s o f such systems be unde r 
s t o o d . I t i s our hope t h a t t h i s s tudy can b e u s e f u l t o 
those who a r e g i v e n r e s p o n s i b i 1 i t y f o r f u t u r e - b a s e d 
d e c i s i o n s . 

T o put. t h i s s tudy i n t o p e r s p e c t i v e , i t i s u s e f u l t o 
i n d i c a t e the p r e s e n t and p r e d i c t e d s t a t e o f the a r t i n 
computer hardware , and t o i n d i c a t e t he A l - l i k e dev i ces 
t h a t a r e c u r r e n t l y on the m a r k e t . I t has been r e c e n t l y 
i n d i c a t e d by F o s t e r ( 1 9 7 2 ) , t h a t b e f o r e 1980 a g e n e r a l -
purpose m ic rocompute r comp le te w i t h c e n t r a l p r o c e s s o r 
and i n t e r n a l w o r k i n g memory ( b u t no p e r i p h e r a l s ) w i l l be 
a v a i l a b l e on a s i n g l e c h i p i n s m a l l q u a n t i t i e s f o r a c o s t 
o f between $1 .00 and $ 1 0 . 0 0 . About t h i s t ime f rame, 
magnet i c b u b b l e t e c h n o l o g y i s expec ted t o b r i n g the cos t 
o f memory f rom the p r e s e n t $0 .01 a b i t to $0 .001 a b i t . 
I n a r e c e n t a r t i c l e , B r o e r s and l i a t z a k l s (1972) p r e d i c t 
100,000 t r a n s i s t o r s and s i m i l a r d e v i c e s on a s i l i c o n 
c h i p a few m i l i m e t e r s s q u a r e . I n 25 years i t i s p r e 
d i c t e d t h a t a s i n g l e c h i p computer w i l l b e a v a i l a b l e 
capab le o f 20 m i l l i o n i n s t r u c t i o n s a second w i t h 65K o f 
i n t e r n a l memory s e l l i n g f o r about $1 .001 Even i f t h i s 
e s t i m a t e were o f f by an o r d e r o f magn i tude , the s o c i a l 
s i g n i f i c a n c e i s enormous. 
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Table 1 indicates some AI products which have been 
reported in the trade press. Although some of these 
products are r e l a t i v e l y unsophist icated compared to the 
corresponding AI products postulated in our study, they 
do ind ica te current trends and the s ta te of the a r t . 

2. Set t ing Up The Study 

In assessing the e f fec ts of the a r t i f i c i a l i n t e l 
l igence f i e l d on soc ie ty , we found it convenient to 
break the e f f o r t i n t o two par ts : 

(1) A technical por t ion in which the AI f i e l d 
is examined, c a p a b i l i t i e s der ived, and 
products postu la ted. 

3. Current AI Capab i l i t i es and Derived Products 

In order to postulate products that could resu l t 
from advances in the a r t i f i c i a l i n t e l l i gence f i e l d , we 
f i r s t pa r t i t i oned the f i e l d in to basic subject cate
gor ies , and then analyzed the c a p a b i l i t i e s cu r ren t l y 
ava i lab le in each category. The fo l low ing categories 
and the c a p a b i l i t i e s associated wi th each category were 
used in the study: 

1—Language understanding. The a b i l i t y to "under
stand" na tura l language and to respond in na tura l l a n 
guage. A b i l i t y to t rans la te from spoken language to a 
w r i t t e n form. A b i l i t y to t rans la te from one natura l 
language to another. 

(2) A more Judgmental por t ion in which a p p l i 
cat ions and impl ica t ions fo r society are 
postu lated, and t h e i r e f fec ts on society are 
Judged, 

2—Problem so l v i ng . A b i l i t y to formulate a problem 
in a su i t ab le representat ion, to plan for i t s so l u t i on , 
and to know when new informat ion is needed and how to 
obta in i t . 

I t is in the l a t t e r por t ion of the study that the 
Delphi Forecasting technique is most use fu l . 

The ove ra l l methodology used in the study is shown 
in F i g . 1 . 

3--Perception ( v i s u a l ) , The a b i l i t y to analyze a 
sensed scene by r e l a t i n g it to an i n te rna l model which 
represents the perceiv ing organism's "knowledge of the 
w o r l d . " The resu l t of th i s analys is is a s t ructured set 
of re la t ionsh ips between e n t i t i e s in the scene. 

(1) The topic and subtopic areas of AI were f i r s t 
derived using such sources as the ACM Com
put ing Reviews Index, the IJCAI Ca l l -For -
Papers, and through discussions wi th experts 
i n the f i e l d . 

(2) These top ic areas were examined i n d i v i d u a l l y 
to determine what c a p a b i l i t i e s might be 
ava i lab le i f success were achieved in preeent-
day e f f o r t s . 

(3) From the c a p a b i l i t i e s ava i l ab le , products 
were postulated based on these c a p a b i l i t i e s . 

4—Modeling. The a b i l i t y to develop an i n te rna l 
representat ion and set of transformation ru les which can 
be used to p red ic t the behavior and re la t ionsh ip between 
some set of rea l -wor ld objects or e n t i t i e s . 

5—Learning and adaptive systems. The a b i l i t y to 
adapt behavior baged on previous experience, and to 
develop general rules concerning the world based on such 
experience, 

6--Robots. A combination of most or a l l of the 
above a b i l i t i e s w i t h the a b i l i t y to move over t e r r a i n 
and manipulate ob jec ts . 

Steps (2) and (3) were i t e ra ted several t imes, since 
conceptual iz ing products of ten leads one to a c loser 
i nves t i ga t i on of the a v a i l a b i l i t y o f capab i l i t i e s fo r 
that product. 

(4) Examining the product l i s t , we organized the 
items according to the soc ia l areas on which 
the products w i l l have a major impact. 

(5) The app l ica t ions and impl ica t ions of the AI 
products on soc iety were postu lated. 

(6) A Delphi study was performed to s o l i c i t 
expert op in ion concerning the items postu
l a t e d . 

(7) The responses to the Delphi quest ionnaire 
were analyzed. 

We then i t e ra ted back to step (3) as requi red. 
The resu l t s of the more techn ica l por t ion of the study 
are given in Section 3, whi le the Judgmental por t ions 
are given in Section 4. 

7--Games. The a b i l i t y to accept a formal set of 
ru les fo r games such as Chess, Go, Kalah, Checkers, 
e t c . , and to t rans la te these ru les i n to a representat ion 
or s t ruc tu re which allows problem-solving and learn ing 
a b i l i t i e s to be used in reaching an adequate leve l of 
performance. 

The areas of a r t i f i c i a l i n t e l l i gence and t h e i r 
subtopics are shown in Table 2. A representat ive c o l 
l ec t i on of ear ly work in A.I is given in Feigenbaum and 
Feldman (1963), and in Mlnsky (1968). We have focused 
our a t ten t ion on current and recent research pro jects 
in AI and have summarized in Table 3 those e f f o r t s which 
we fee l ind ica te cu r ren t l y obtainable leve ls of compe
tence fo r each of the AI categories postu lated. 

By examining these AI c a p a b i l i t i e s , we were able to 
postu late a set of hypothet ica l products that might 
impact on soc ie ty . The products were discussed w i th 
members of the Ar community, and eventual ly a l i s t of 
twenty-one items was compiled, as given in Table 4. 
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Tab le 1 

SOME COMMERCIAL PRODUCTS USING AI TECHNOLOGY 

Table 2 

AREAS OF ARTIFICIAL INTELLIGENCE 

1. Language U n d e r s t a n d i n g 

1.1 Speech U n d e r s t a n d i n g 
1.2 Semant ic I n f o r m a t i o n P r o c e s s i n g 

( C o m p u t a t i o n a l L i n g u i s t i c s ) 
1.3 Q u e s t i o n Answer ing 
1.4 I n f o r m a t i o n R e t r i e v a l 
1.5 Language T r a n s l a t i o n 

2 . Prob lem S o l v i n g 

2 . 1 I n f e r e n c e ( R e s o l u t i o n - B a s e d Theorem P r o v i n g , 
P l a u s i b l e I n f e r e n c e , and I n d u c t i v e I n f e r e n c e ) 

2 .2 I n t e r a c t i v e Prob lem S o l v i n g 
2 .3 A u t o m a t i c Program W r i t i n g 
2 .4 H e u r i s t i c Search 

3 . P e r c e p t i o n 

3 . 1 P a t t e r n R e c o g n i t i o n 
3 .2 Scene A n a l y s i s 

4 . M o d e l i n g 

4.1 The Representation Problem f o r Problem-
Solving Systems 107 

4.2 Modeling Natural Systems (Economic, Socio logi
c a l , Eco log ica l , B i o l o g i c a l , e t c . ) 

4.3 Hobot World Modeling (Perceptual and Func
t i ona l Representations) 

5, Learning and Adaptive Systems 

5.1 Cybernetics 
5.2 Concept Formation 

6. Robots 

6 .1 Explorat ion 
6.2 Transportat ion/Navigat ion 
6.3 I n d u s t r i a l Automation ( e . g . , Process Cont ro l , 

Assembly Tasks, Executive Tasks) 
6.4 Secur i ty 
6.5 Other (Ag r i cu l t u re , F ish ing , Mining, Sani ta

t i o n , Const ruct ion, e t c . ) 
6.6 M i l i t a r y 
6.7 Household 

7, Games 

7.1 Pa r t i cu l a r Games (Chess, Go, Br idge, e t c . ) 



Table 3 

RESEARCH REPRESENTATIVE OF CURRENT COMPETENCE IN Al 

1, Language Understanding 

Winograd [ l 97 l1 : A system that understands reasonably complex declarative and imperative sentences about a 
limited (simulated robot) environment, 

Badre Ll972]: Charniak [ l973]: Comprehension of children's stories in a reading text. 

Thompson [ l969]: Woods [ l970]: Schank [ l972]; Coles [l972]; Question-answering systems which can respond to 
queries posed in an impressive subset of! natural English about information stored in a relat ional data base. 

Reddy-Vicens [l969]: Connected speech recognition with small vocabulary and limited number of speakers. 

Reddy [ l972]; Chess program to which moves are provided in the form of spoken chess notation. Uses knowledge 
of chess to decide phonetic ambiguities in favor of the more probable move. 

2, Problem Solving—Automatic Programming 

Strips, Fikes, et a l . [ l 97 l ] : Uses resolution theorem prover to select subgoals for GPS-type, means-ends 
analysis. Used in SRI robot to specify a sequence of operations {Push, Go To, etc.) that accomplish a desired 
end-result, 

Planner, Hewitt [ l 97 l ] : QA4, Rulifson, et a l . [ l972]: Conniver, Sussman, et al. [ l972]: Procedures that ac
complish a desired goal are retrieved by pattern matching. Planner provides an effective way nf organizing 
ad hoc knowledge about a problem domain. 

Hacker, Sussman [ l972]; Hacker is a programming system intended to emulate the programming style (try and 
debug) of i t s author. This ongoing work has thus far written successful programs for block-stacking with a 
simulated robot. 

3, Perception 

MIT, Minsky-Papert [ l972]: Stanford, FaIk [l972] hand/eye systems: Can understand scenes consisting of white 
polyhedral blocks, a rb i t ra r i l y stocked on a black table top. 

Keily [ l970]; Fischler [1973]; Can f ind human faces in a cluttered room environment and recognize a limited 
number of those previously seen. 

SRI mobile robot project, Hart, et a l . [1973]: Current research intended to understand scenes depicting 
real-world off ice environments well enough for a mobile robot to be able to fetch specified objects. 

4, Modeling 

Forrester [ l 969 ] [ l 9 7 l ] ; Urban and world models which ind ica te e f f ec t s of present populat ion t rends. 

McCarthy and Hayes [1969]: Hayes [ l 9 7 l ] ; The problem of epistemology f o r a robot . 

5, Learning and Generalization 

Samuel [1959-72]: Parameter learning for move-evaluation in the game of checkers. 

Winston [ l970]: Learns the distinguishing attr ibutes for concepts in the block world (e.g. , an arch or 
tower) by forming structural descriptions of well-chosen examples. 

Generalization of Strips Plans, Fikes, et a l . [ l972]: Generalizes a solution to a specific problem so that 
it can be used in whole or in part to subsequently solve similar problems (e.g. , where the room names or 
objects d i f f e r ) . 
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Table 3 (Concluded) 

6. Robotics ( In tegrated Problem-Solving and Perceptual Systems) 

Stanford, Feldman [1971]: MIT hand/eye p ro jec ts , Winston [ l 9 7 3 ] ; Disassemble a tower of blocks and reas
semble i t elsewhere. 

Stack b locks, Winston [1973]-and thread b o l t , Paul [ l 973 ] using v i sua l servoing. 

SRI i n d u s t r i a l automation pro jec t ; Pick up selected objects from a moving conveyor b e l t . 

Current work at each of the above pro jects involves the assembly and/or repai r of simple st ructures (pumps, 
e lec t ron ic c i r c u i t cards, e t c . ) . 

SRI, Ni lsson [ l 9 6 9 ] , robot p ro j ec t : Mobile vehic le which can navigate through a simple world of rooms and 
doorways to fe tch large polyhedral ob jec ts . Current ly attempting to extend these c a p a b i l i t i e s to enable the 
robot to do usefu l " o f f i c e boy" tasks in a r e a l , o f f i c e environment. 

Un ivers i ty of Edinburgh, Ambler, et al . , [1973]: Stat ionary robot with mobile surroundings. Assemble simple 
toys (e .g . , cars) given a k i t of pares and high level i ns t ruc t ions about how to recognize and manipulate the 
var ious par ts . 

Japan: Assembly robot that can " read" b l uep r i n t s , choose par ts , and assemble them, E j j r i , et a l . [1972]; 
"walking machine," Waseda Un ivers i ty ; mobile de l i ve ry robot , Toshiba Research Laboratory. 

7. Game Playing 

Chess program, Greenblatt [ l 9 6 9 ] : Plays Class B chess, master checker p layer , Samuel [ l 959 ] , muster Kalah. 
Slagle [ l 9 7 l ] , t r i v i a l GO, Ryder [ l 9 7 l ] 
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Table 4 

PRODUCTS USED IN THE STUDY 

1. Automated Inqui ry System; An automatic i n f o rma t i on - re t r i eva l system, using a man/machine d ia log to determine 
user needs, which can search i t s data base to present the user wi th spec i f i c in format ion or " f a c t s , " ra ther 
than references to other sources. 

2. Automuted I n te l l i gence System: General augmenter of human i n t e l l i g e n c e , capable of automat ical ly moni tor ing 
ongoing streams of input data, coordinat ing f ac t s , and making l o g i c a l inferences to obta in ins igh ts and a l e r t 
the human as appropr ia te . 

3. Ta lk ing Typewri ter; Voice t ypewr i te r , capable of convert ing spoken na tura l language i n t o typewr i t ten form 
in essen t ia l l y rea l t ime, wi th an er ror rate equal to a human. 

4. Automatic Language Trans la tor : Language t r ans l a t i ng device capable of h i gh -qua l i t y t r a n s l a t i o n of tex t in 
one fo re ign language to another. (Both technica l and commercial m a t e r i a l . ) 

5. Automatic I d e n t i f i c a t i o n System; System fo r automat ical ly determining a person's i d e n t i t y by recognizing 
h is vo ice, f i n g e r p r i n t s , face, e t c . 

6. Mobile Robot: A m i l i ta ry or po l i ce robot that can senrch f o r , loca te , and deal w i th a prespeci f ied subject 
or class of behavior pa t te rns . 

7. Machine/Animal Symblont: Tapping the b ra in of a l i v i n g animal such as a b i r d or r u t , to obta in preprocessed 
sensory inputs ( v i s u a l , audi tory , o l f a c t o r y , e t c . ) to augment the c a p a b i l i t i e s of a mechanical device. 

8. Automatic Diagnost ic ian: System capable of i n t e r a c t i v e and/or automatic medical diagnosis based on querying 
the pa t i en t , examination of b i o l o g i c a l t es ts , e tc . 

9. Personal B io log i ca l Model: System pe r i od i ca l l y monitors p a t i e n t ' s blood c i r c u l a t i o n , lung and heart func
t i o n , muscle ac t i on , e t c . , to provide inputs to a personal b i o l o g i c a l model so that current status can be 
evaluated and the e f f e c t s of medication and treatment can be simulated. 

10. Computer Psych ia t r i s t : A system in which the p a t i e n t ' s w r i t t e n or verba l input is s u f f i c i e n t l y understood 
that the system can l eg i t ima te l y counsel and advise the user f o r commonly encountered problems. 

11 . Computer-Controlled A r t i f i c i a l Organs: Capable ol rep lac ing na tu ra l organs of the body (such as arms, legs, 
eyes, kidneys, hear t , lungs) whi le s t i l l preserving homeostatic balance, 

12. Computer A r b i t e r : A system in which adversaries enter t h e i r mutual complaints and the i n t e r a c t i v e system 
uses a data base of precedents and value ru les to de l i ve r e i the r advice or a v e r d i c t . 

13. I n d u s t r i a l Robot; Autonomous i n d u s t r i a l robot capable of product inspect ion and assembly in an automated 
fac to ry , using both v i sua l and manipulat ive s k i l l s . 

14. Voice-ResponBe Order-Taker; Capable of handl ing i n q u i r i e s on order s ta tus , forming new orders, looking up 
data in a cata log, and i nd i ca t i ng the r e s u l t of i t s act ions ve rba l l y . 

15. I n s i g h t f u l Weather-Analysis System: A system which combines s t r i c t numerical analys is using measurements, 
w i th the type of i ns i gh t used by a weather exper t , e . g . , analysis of two-dimensional weather maps, pa t te rns , 
review of previous records, e tc . 

16. I n s i g h t f u l Economic Model: System which combines s t ra ight forward business s t a t i s t i c s and input /output 
analys is wi th heu r i s t i c ins igh ts concerning the economy (unemployment, i n te res t ra tes , monetary and f i s c a l 
p o l i c y , e t c . ) to pred ic t the e f f e c t s of economic p o l i c i e s . 

17. Robot Chauffeur: Robot cars capable of operat ion on standard c i t y s t reets and country highways, using 
v i sua l sensors. 

18. Robot Tutor; A system which can accept verba l and biosensed responses from the student and t a i l o r the course 
of i n s t r u c t i o n to su i t the p u p i l ' s needs. This would not be a simple-minded CAI-programmed learning device, 
but on a leve l w i t h a good human teacher. 

19. Universal Game Player: A system capable of p lay ing Chess, Checkers, Kalah, Go, Br idge, Scrabble, Monopoly, 
e t c . , at a con t ro l l ab le leve l of p ro f i c iency , from master l eve l to novice. 

20. General Factotum: A robot servant, capable of smooth verba l interchange and v e r s a t i l e percept ion and manipu
l a t i v e a c t i v i t y in a household environment. 

2 1 . Creat ion and Valuat ion System; Capable of c rea t ive work in such areas as music, a r t ( p a i n t i n g , scu lp tu re , 
a r c h i t e c t u r e ) , l i t e r a t u r e (essays, novels, poe t ry ) , and mathematics, and able to evaluate the work of 
humans. 

110 



The p r o d u c t s p o s t u l a t e d i n t h i s paper d i f f e r most 
s t r i k i n g l y f r om c o n v e n t i o n a l computer a p p l i c a t i o n s i n 
t h r e e ways . F i r s t , i s t h e r e q u i r e m e n t f o r n a t u r a l com-
m u n i c a t i o n w i t h humans v i a spoken o r w r i t t e n n a t u r a l 
l anguage . T h i s c a p a b i l i t y i s p r e r e q u i s i t e t o v i r t u a l l y 
any a p p l i c a t i o n i n t e n d e d to p r o v i d e mass p e r s o n a l access 
to compu t i ng power . Second i s a p r o b l e m - s o l v i n g capa 
b i l i t y so t h a t humans can s p e c i f y a d e s i r e d e f f e c t 
r a t h e r than h a v i n g t o s u p p l y a d e t a i l e d p rocedure f o r 
o b t a i n i n g t h a t e f f e c t . T h i r d l y , many o f t h e p r o d u c t s 
r e q u i r e a n a b i l i t y t o i n t e r a c t d i r e c t l y w i t h t h e i r 
r e a l - w o r l d env i ronmen t t h rough sensors t h a t a c q u i r e i n 
f o r m a t i o n , and e f f e c t o r s t h a t implement a d e s i r e d change. 

T o e s t a b l i s h t h e t e c h n i c a l f e a s i b i l i t y o f the p r o 
j e c t e d p r o d u c t s , we compared t h e l e v e l s o f competence 
t h a t c o u l d b e ach ieved w i t h c u r r e n t A l c a p a b i l i t i e s 
( T a b l e 5 ) w i t h t hose r e q u i r e d t o ach ieve the s t a t e d 
per fo rmance g o a l s . One m i g h t c o n c l u d e f rom Table 5 
t h a t a r e a s o n a b l e s t a r t has been made f o r many o f t he 
p r o d u c t s . I t must b e p o i n t e d o u t , however, t h a t i n the 
pas t i t has proven very d i f f i c u l t t o e x t r a p o l a t e t h e 
r e s u l t s o f A l r e s e a r c h . Most o f the work c i t e d i n t h i s 
t a b l e has i n v o l v e d l i m i t e d domains o f knowledge, s m a l l 
d a t a bases , and ad hoc t e c h n i q u e s . I t i s unknown a t 
t h i s t i m e how many o f t he t echn iques a r e e x t e n d a b l e to 
" r e a l - l i f e " d a t a bases . 

I n p r e d i c t i n g f u t u r e c a p a b i l i t i e s i n t he a r t i f i c i a l 
i n t e l l i g e n c e f i e l d , we were faced w i t h the prob lem "flow 
do you know t h a t a development in a s u b f i e l d of A l r e p 
r e s e n t s s i g n i f i c a n t p r o g r e s s ? " C r i t i c s o f t h e A l f i e l d 
such as Drey fus ( 1 9 7 2 ) , and F e i n ( 1 9 6 4 ) , have doubted 
the s i g n i f i c a n c e o f much o f t he a l l e g e d p rog ress i n the 
f i e l d . I n p a r t i c u l a r , D rey fus has used the ana logy o f 
a man who, h a v i n g succeeded in c l i m b i n g a t r e e , c l a i m s 
t h a t h e has s o l v e d p a r t o f the p rob lem o f g o i n g t o t he 
moon. 

There i s no s i m p l e r e s o l u t i o n to the p rob lem, and 
indeed we cannot hope to s e t t l e the q u e s t i o n h e r e . 
( I t may b e t h a t i t i s n o t p o s s i b l e t o e v a l u a t e a d e 
velopment u n t i l some yea rs have passed, and one sees 
the e f f e c t s t h a t the deve lopment has p r o d u c e d . ) The 
f o l l o w i n g i n d i c a t o r s o f p r o g r e s s were u s e f u l i n ou r 
e v a l u a t i o n : 

A t t a i n m e n t . A p r o j e c t succeeds i n d o i n g someth ing 
t h a t was t h o u g h t t o b e i m p o s s i b l e o r e x t r e m e l y d i f f i c u l t . 

T h e o r y - b u i l d i n g . A p r o j e c t b l e n d s s e v e r a l appar 
e n t l y d i s j o i n t f a c t s w i t h i n a common f ramework t h a t 
p romises a p r o d u c t i v e l i n e o f r e s e a r c h . 

Unusual improvement . A s i g n i f i c a n t improvement 
i s made a s f a r a s speed, c o s t , memory s i z e , e t c . f o r 
a n e x i s t i n g i m p o r t a n t accomp l i shmen t . 

I m p o s s i b i l i t y p r o o f . A d e m o n s t r a t i o n t h a t some
t h i n g c a n ' t w o r k , o r c a n ' t b e pe r fo rmed i n a c e r t a i n 
manner c l o s e s a r e s e a r c h pa th in w h i c h p r o g r e s s had 
been s t y m i e d . 

S i g n i f i c a n t t e r m i n o l o g y o r concep t f o r m a t i o n . The 
deve lopment o f a language or r e p r e s e n t a t i o n upon wh ich 
f u r t h e r work i n t h e f i e l d can b e f o u n d e d . 

Fundamental Problems i n A c h i e v i n g t h e Produc ts 

There a re two types o f d i f f i c u l t y i n a c h i e v i n g the 
A l p r o d u c t s , the f i r s t c o n c e r n i n g p r e s e n t l i m i t a t i o n s 
o f the A l f i e l d , and the o t h e r c o n c e r n i n g t h e prob lem 
of f o r m a l i z i n g a reas of human endeavor wh ich do n o t 
appear to be amenable to f o r m a l i z a t i o n . These two p r o b 
lem areas a r e d i scussed be low. 

Fundamental Problems i n A I Techno logy— In examin ing 
c u r r e n t c a p a b i l i t i e s i n the A l p roduc t a r e a s , Tab le 5 , 
t h r e e main prob lems appear to be : 

(1) A c q u i r i n g , r e p r e s e n t i n g , s t r u c t u r i n g , and 
r e t r i e v i n g w o r l d knowledge, 

(2 ) A t t a i n i ng g e n e r a l i t y f rom ad hoc programs, 
and 

(3) Problems i n p e r c e p t i o n . 

A c q u i r i n g , R e p r e s e n t i n g , S t r u c t u r i n g , and 
R e t r i e v i n g Wor ld Knowledge—A c r u c i a l pa r t o f many 

o f t he A I p r o d u c t s i s the a b i l i t y t o a c q u i r e , r e p r e s e n t . 
S t r u c t u r e , and r e t r i e v e l a r g e amounts o f genera l k n o w l 
edge about the w o r l d , ad hoe knowledge about s p e c i f i c 
p rob lem domains, and s e l f - k n o w l e d g e r e g a r d i n g the 
s y s t e m ' s own c a p a b i l i t i e s . The fundamenta l p rob lem 
a s s o c i a t e d w i t h l a r g e amounts o f i n f o r m a t i o n i s d e t e r 
m i n i n g wh ich subsot i s r e l e v a n t t o the task a t hand. 
T h i s problem i n c l u d e s the c h o i c e o f a r e p r e s o n l a l i o n 
t h a t p resen ts the r e l e v a n t d a t a a t an a p p r o p r i a t e l e v e l 
o f d e t a i l . The sys tem must a l s o be a b l e to r e s t r u c t u r e 
the r e l e v a n t knowledge so that, i t can be e f f i c i e n t l y 
a p p l i e d t o a s p e c i f i c p rob lem. Knowledge i s t y p i c a l l y 
a c q u i r e d in an i n c r e m e n t a l manner; as new f a c t s a r e 
encoun te red i n t h e per fo rmance o f t a s k s , they are i n t e 
g r a t e d - - whenever p o s s i b l e a s g e n e r a l i s a t i o n s o f e x i s t i n g 
i n f o r m a t i o n , The system must bo a b l e to d e t e r m i n e when 
necessary knowledge i s n ' t a v a i l a b l e , and how i t can best 
be a c q u i r e d . 

Some o t h e r o u t s t a n d i n g i ssues i n c l u d e the r e t r i e v a l 
o f knowledge s t o r o d i n p r o c e d u r a l f o rm , the r e p r e s e n t a t i o n 
o f common s e n s e , " and the u t i l i z u t i on o f p l a u s i b l e in-
f e r e n c e . 

G e n e r a l i t y f r om Ad Hoc Programs—Al programs wh ich 
a s p i r e to g r e a t g e n e r a l i t y in a prob lem domain have most. 
o f t e n e x h i b i t e d u n a e c e p t a b l y poor pe r fo rmance . Conse
q u e n t l y , many A l worke rs have adop ted the v iew t h a t 
i n t e l l i g e n c e i s b e s t embodied i n t h e c o l l e c t i v e e f t e c t 
of many ad hoc p r o c e d u r e s , each of w h i c h s o l v e s a pa r 
t i c u l a r p rob lem i n a l i m i t e d c o n t e x t . G e n e r a l i t y i s 
then a t t a i n e d by a c c u m u l a t i n g a l i b r a r y o f such p r o 
cedures and s e l e c t i n g t he most a p p r o p r i a t e ones f o r any 
g i v e n s i t u a t i o n . T h i s approach i s r easonab le g i v e n the 
l i m i t e d number o f s i t u a t i o n s l i k e l y t o a r i s e i n the r e 
s t r i c t e d domains o f p r e s e n t sys tems , When such systems 
f a i l , a human programmer can use h i s knowledge of the 
t ask r e q u i r e m e n t s , the prob lem domain, and the m a c h i n e ' s 
c a p a b i l i t i e s to add a r o u t i n e a p p r o p r i a t e f o r the new 
s i t u a t i o n . Thus, one approach t o g e n e r a l i t y i s t o p r o 
v i d e a f u t u r e system w i t h s i m i l a r knowledge s o t h a t i t 
can emu la te t h i s p r o b l e m - s o l v i n g f u n c t i o n o f a human 
programmer. The u s e r of such a system migh t be a b l e to 
gu ide the machine i n c o n s t r u c t i n g i t s own programs, 
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Tab le 5 

CAPABILITIES IN DERIVED PRODUCT AREAS 
ACHIEVED (ACHIEVABLE) WITH CURRENT A . I . EXPERTISE 

1. Automated Inqu i ry System 

Automatic inqu i ry systems w i t h i n f e r e n t i a l reasoning are cu r ren t l y p r a c t i c a l f o r small data bases and fo r 
large wel l s t ructured ones. E f fec t i ve searches may requi re the human user to re f i ne h is query i n t e r a c t i v e l y . 

2. Automated I n te l l i gence System 

Systems have been b u i l t that augment i n te l l i gence by c lus te r i ng data, i d e n t i f y i n g c r i t i c a l fac to rs in m u l t i -
var ian t analys is ( fac to r ana l ys i s ) , and by searching fo r i n f e r e n t i a l chains that r e l a t e two a r b i t r a r y fac ts 
in a symbolic data base. However, such systems cannot acquire t h e i r own knowledge. Inputs must be manually 
f i l t e r e d f o r relevance and supplied in an appropriate i n t e rna l representa t ion . 

3. Talk ing Typewriter 

A voice typewr i ter could today provide r e l i a b l e phonetic t r a n s c r i p t i o n for about 100 to 500 a r b i t r a r y words 
if spoken one at a t ime. Transcr ip t ion of cont inuously f lowing speech could be accomplished fo r the same 
number of words if the discourse were confined to a l im i ted domain f o r which the machine had adequate seman
t i c knowledge to resolve segmentation ambigui t ies. Present pat tern c l a s s i f i c a t i o n techniques have proven 
unable to d iscr iminate more than a few hundred categor ies . (This word l i m i t a t i o n could be circumvented by 
the crude expedient of using spel led speech.) 

4. Automatic Language Translator 

Low q u a l i t y automatic language t r a n s l a t i o n is already commercially used to obta in crude but readable ab
s t rac ts of fo re ign technica l papers. High q u a l i t y t r a n s l a t i o n that captures a l l intended sub t le t i es requires 
that the input ut terance be f i r s t understood and then reconst i tu ted in the second language. Such t r a n s l a t i o n 
is thus feas ib le only in the l im i ted semantic domains which have been successful ly handled by ex i s t i ng l a n 
guage understanding programs. 

5. Automatic I d e n t i f i c a t i o n Systems 

These systems now su f fe r from the same pa t te rn c l a s s i f i c a t i o n problems that l i m i t the voice t ypewr i te r . It 
is d i f f i c u l t to b u i l d systems that d iscr iminate more than 50 to 100 categories ( e . g . , faces, f i n g e r p r i n t s , 
vo ices) . An i n t e r a c t i v e system in which humans provide descr ip t ions of important features fo r a mechanized 
decis ion maker could perhaps be made p r a c t i c a l in the near f u t u r e . 

6. Mobile Robot 

Autonomous rea l -wor ld robots are not yet f eas i b l e , although at least two labora tor ies are ac t i ve l y pursuing 
the fo l l ow ing goals: (a) a mobile robot that plans and executes tasks requ i r ing polyhedral so l ids to be 
pushed between otherwise empty rooms ( fu tu re operat ion w i l l include a rea l o f f i c e environment); (b) a robot 
veh ic le that can circumnavigate a closed roadway system. 

7. Machine/Animal Symbiont 

Several research pro jec ts are cu r ren t l y attempting to do pat te rn c l a s s i f i c a t i o n s using inputs obtained from 
the neurons of animals and even from human EEG s igna ls . A small number of gross pat terns can be d i s c r i m i 
nated, but the resu l t s at present are f a r too crude fo r p r a c t i c a l use. 

8. Automatic Diagnost ic ian 

Many diagnost ic techniques have already been successfu l ly automated, inc lud ing chemical laboratory analyses, 
c e l l count ing, x-ray and electrocardiogram i n t e r p r e t a t i o n , e tc . Several i n t e r a c t i v e systems have been b u i l t 
which accept symptoms, tes t r e s u l t s , and pa t ien t h i s t o r y , and re tu rn diagnoses or spec i f i c requests fo r more 
data. Progress in t h i s f i e l d is l im i t ed because a machine cannot yet observe a pa t i en t d i r e c t l y and because 
each app l i ca t ion must be programmed from scratch. More fundamental problems e x i s t due to the crude state of 
current medical knowledge. 

9. Personal B i o l o g i c a l Model 

Many c r i t i c a l b i o l o g i c a l funct ions are already automat ical ly monitored in hosp i t a l in tens ive care wards. 
The problem of making such c a p a b i l i t i e s ava i lab le to everyone on a cont inu ing basis is mostly one of econom
i c s . Further work by b i o l o g i s t s in modeling the human system is needed to adequately simulate the e f f ec t s 
of medicat ion. 

10. Computer P s y c h i a t r i s t 

Computerized psychiat ry is not yet f eas i b l e . A f te r the problem of na tura l language understanding is solved, 
a t t en t i on can then focus on the equal ly chal lenging task of represent ing the semantics and pragmatics of 
human in terpersona l r e l a t i o n s . 
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Table 5 (Concluded) 

11. A r t i f i c i a l Organs 

Although the problem of c o n t r o l l i n g a r t i f i c i a l organs w i th feedback from the body is cu r ren t l y more in the 
domain of c o n t r o l systems than A . I . , fu tu re implementations may involve A . I , concepts. Present experimenta
t i on w i th feedback con t ro l led pacemakers and, also, the l i f e support systems in s a t e l l i t e s can be viewed as 
f i r s t examples of t h i s promising technique. 

12. Computer A rb i t e r 

A system has been b u i l t that simulates decisions of the supreme court w i th some degree of success. The com
puter bases i t s decisions on precedents of law and biases of the jus t i ces disclosed in past dec is ions . If 
those biases were replaced by a formalized statement of the p r i nc ip l es of j u s t i c e , one might have the basis 
f o r an automatic a r b i t e r . However, such fo rmal iza t ion has not yet been attempted. 

13. I n d u s t r i a l Robot 

Robot manipulators are being used in increasing numbers on automobile assembly l i n e s , to do r e p e t i t i v e tasks 
l i k e spot welding, which can be preprogrammed and which operate without feedback. The add i t ion of s imple, 
v i sua l and t a c t i l e sensors would s i g n i f i c a n t l y broaden the range of app l i ca t i on . For example, the General 
Motors Research Lab successful ly demonstrated a system that could mount wheels on a hub, using v i sua l tech
niques to a l i gn the wheel w i th the studs. 

14. Voice Order-Taker 

A voice order - taker , l i k e the voice typewr i te r , can now be b u i l t to handle about 500 i tems. If the catalog 
is mare extensive, items would have tn be speci f ied by g iv ing code numbers. Limited voice response by such 
a system, using combinations of prestored words and phrases, is now ava i lab le . 

15. I n s i g h t f u l Weather; I n s i g h t f u l Economic Model 
16. 

Pred ic t ing weather or economic a c t i v i t y is s t i l l as much an a r t as a science. The main problem w i th automat
ing such a c t i v i t i e s is that the experts themselves have yet to agree on the most important decis ion c r i t e r i a 
or even on the most re levant input parameters. It is perhaps more feas ib le to simulate a p a r t i c u l a r exper t , 
but even hero the expert probably would be unable to express formal ly the subject ive c r i t e r i a he uses to 
reach decis ions. The machine is f u r the r handicapped in areas l i k e weather ana lys is , where important inputs 
are only ava i lab le in p i c t o r i a l form ( e . g . , cloud cover photographs). In these domains, an i n t e rac t i ve sys
tem could be used, where the machine's dec is ion is based on manually in terpre ted input data. 

17. Robot Chauffer 

Sensors and systems are now avai lab le that can augment d r i v ing s k i l l s ( e . g . , c o l l i s i o n avoidance radar, a n t i 
skid braking computer, e t c . ) . Moreover, laboratory vehic les have been made to fo l l ow a white l i ne and pro
grams have been w r i t t e n to detect the edge of a road and to d iscr iminate planar shadows from rea l obstac les. 

18. Robot Tutor 

The best e x i s t i n g CAI systems al low mixed i n i t i a t i v e i n t e r a c t i o n s , wherein the student can a l t e r the course 
of i n s t r u c t i o n by asking the machine unant ic ipated questions about this subject area to tes t h is own under— 
standing. Researchers are cu r ren t l y planning systems which w i l l ask probing questions to model a s tudent 's 
comprehension of a subject area, and then plan a customized t u t o r i a l s t rategy intended to transform the 
ex i s t i ng conceptual s t ruc ture in to a desired one. The success of such research is very dependent on progress 
in natura l language understanding and psychological invest iga t ions of knowledge representat ions and learn ing . 

19. Universal Game Player 

Many game p lay ing programs have been w r i t t e n in the course of studying heu r i s t i c programming and lea rn ing . 
Machines can play champion l eve l checkers and dominoes; reasonable chess ( B - l e v e l ) , Kalah, and Scrabble; and 
poor Go. However, each game was i n d i v i d u a l l y programmed using heu r i s t i c s deduced from ca re fu l human i n t r o 
spection and representat ions p a i n f u l l y derived to al low e f f e c t i v e u t i l i z a t i o n of those h e u r i s t i c s . I t is 
s t i l l premature to contemplate a general game player that can be taught to play a new game as one would teach 
a human opponent, or s i g n i f i c a n t l y improve i t s i n te rna l representat ions, and thus performance, as a r e s u l t 
of p lay ing . 

20. General Factotum 

General-purpose humanoid-type robots remain, f o r the time being, in the realm of science f i c t i o n . However, 
u n t i l very recen t l y , no A . I . research has been ser iously d i rec ted toward t h i s goa l . The mobile robot e f f o r t 
described under Product 6 could be viewed as a beginning. 

2 1 . Creat ion and Evaluat ion System 

The evaluat ion of human a r t i s t i c endeavors is perhaps the most sub ject ive of a l l human judgements. Conse
quent ly , the c r i t e r i a of judgement are among the most d i f f i c u l t to formal ize as computer a lgor i thms, except 
f o r a few general notions l i k e harmony or color balance. Perhaps the computer's i n a b i l i t y to evaluate i t s 
own c rea t i ve e f f o r t s in human terms explains the p r i m i t i v e s ta te of computer-generated a r t and poetry. 
(See Gip and St iny [ l 973J f o r a discussion of aesthet ic systems.) 
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f o r example b y s u g g e s t i n g p r o m i s i n g h e u r i s t i c s , p r o 
v i d i n g necessary knowledge, and e v a l u a t i n g per fo rmance 
on t e s t cases . Such an i n t e r a c t i v e p rob lem s o l v e r 
shou ld have a m o t i v e - g u e s s i n g c a p a b i l i t y w i t h wh ich t o 
a t t e m p t s o l u t i o n s t o i n c o m p l e t e l y f o r m u l a t e d prob lem 
r e q u i r e m e n t s . I ndeed , a l a r g e p a r t o f t h e s o l u t i o n t o 
many problems ( l i k e most o f those a r i s i n g i n A I ) l i e s 
i n p r o p e r l y f o r m u l a t i n g t he p r o b l e m . 

P e r c e p t i o n Problems—A number o f d i f f i c u l t p r o b 
lems a r i s e i n r e a l - w o r l d p e r c e p t i o n ( e . g . , speech , 
v i s i o n ) t h a t f o r the most p a r t have been s y s t e m a t i c a l l y 
e l i m i n a t e d f rom the l i m i t e d domains o f p resen t sys tems . 
These problems i n c l u d e sensory o v e r l o a d w h i c h concea l s 
o b j e c t s o f i n t e r e s t i n a t o r r e n t o f i r r e l e v a n t d e t a i l , 
t he r e l a t e d p rob lem o f p a r t i t i o n i n g i n t e r e s t i n g 
" f i g u r e s " f rom the g e n e r a l backg round , f o r m i n g i n t e r n a l 
r e p r e s e n t a t i o n s o f complex o r amorphous r e a l - w o r l d 
o b j e c t s , and f i n a l l y ma tch ing such d e s c r i p t i o n s a g a i n s t 
a l a r g e d a t a base of known o b j e c t s . The fo remos t p r o b 
lem appears t o be i n p a r t i t i o n i n g the i n p u t i n t o mean
i n g f u l e n t i t i e s i n t he c o n t e x t o f t he c u r r e n t p r o b l e m . 
I n v i s i o n , o b j e c t s o f i n t e r e s t must b e i s o l a t e d f rom 
t h e backg round . In Speech, a c o n t i n u o u s waveform must 
b e d i v i d e d i n t o segments c o r r e s p o n d i n g t o w o r d s . The 
prob lem is w e l l known to G e s t a l t p s y c h o l o g i s t s who have 
obse rved t h a t t he i n t e r p r e t a t i o n o f p a r t s o r f e a t u r e s o f 
a n o b j e c t i s o f t e n d e t e r m i n e d b y t he i n t e r p r e t a t i o n o f 
t he w h o l e . Thus mach ines , i n p r o c e e d i n g f rom the p a r t s 
to a who le can be overwhelmed by t he c o m b i n a t o r i c s of 
examin ing e v e r y a l t e r n a t i v e i n t e r p r e t a t i o n f o r each 
p a r t . R e c e n t l y , one o f the a u t h o r s had some success in 
a p p l y i n g dynajn ic-prograramiTig- t j 'pe t e c h n i q u e s t o reduce 
t h e c o m b i n a t o r i c s o f a b r u t e - f o r c e sea rch f o r the bes t 
i n t e r p r e t a t i o n o f a scene , a c c o r d i n g to a model o f t he 
d e s i r e d o b j e c t . I t may be p r a c t i c a l t o use such t e c h 
n iques in a g e n e r a l scene a n a l y s i s sys tem, to f o l l o w up 
hypo theses r e s u l t i n g f rom a p r e l i m i n a r y o r g a n i z a t i o n 
( F i s c h l e r , 1973 ) , 

The Problem o f Va lue F o r m a l i z a t i o n — S e v e r a l o f t he 
p r o d u c t s p o s t u l a t e d r e q u i r e t h a t a f o r m a l i z a t i o n o f 
a e s t h e t i c s , mores, e t h i c s , and o t h e r j u d g m e n t a l a reas 
be a v a i l a b l e . For example, P roduc t 12, t h e computer 
a r b i t e r , r e q u i r e s n o t on l y t h e a b i l i t y t o u n d e r s t a n d 
t h e s u b t l e t i e s o f human e m o t i o n , * bu t must a l s o have 
a v a i l a b l e some c o d i f i c a t i o n o f the m o r a l , e t h i c a l , and 
l e g a l r u l e s o f s o c i e t y ao as to be a b l e to g i v e a d v i c e , 
o r r e n d e r a v e r d i c t . The c r e a t i o n and v a l u a t i o n sys tem. 
P roduc t 2 1 . r e q u i r e s a f o r m a l i s m wh ich somehow exp resses 
man's concep ts o f e x c e l l e n c e i n t he a r t s . 

There i s l i t t l e t o r e p o r t i n t h e way o f p r o g r e s s 
in these a r e a s . A s i d e f rom some work in music by com
p u t e r , von F o e r s t e r and Beachamp ( 1 9 6 9 ) , some e lemen
t a r y a t t e m p t s a t computer p o e t r y and p r o s e , and some 
rough a n a l y s i s o f c o u r t d e c i s i o n s , t h e r e i s l i t t l e hope 
( o r dange r , depend ing o n o n e ' s p o i n t o f v i ew ) t h a t t he 
p rob lem o f f o r m a l i z i n g such a reas o f human endeavor 
w i l l b e s o l v e d i n t he near t e r m . 

Even i f such f o r m a l i z a t i o n c o u l d b e made, s o c i e t y 
wou ld b e f a c e d w i t h t h e embar rass ing p rob lem o f r e v e a l 
i n g the i n c o n s i s t e n c i e s i n h e r e n t i n any o r g a n i z a t i o n o f 

E i t h e r v i a n a t u r a l l anguage o r b y means o f s e n s o r s , 
such a s a " l i e d e t e c t o r " s o r t o f d e v i c e . 

of human b e i n g s . We know t h a t t h e r e a r e many s i t u a t i o n s 
i n w h i c h some peop le a r e c o n s i d e r e d "more e q u a l " t han 
o t h e r s . For example , w h i t e c o l l a r f r a u d i n v o l v i n g t h e f t 
f rom a company i s f r e q u e n t l y d e a l t w i t h l e s s s e v e r e l y 
than b l u e c o l l a r t h e f t f r o m the same company. Appear 
ances and a t t i t u d e s o f t e n a f f e c t j udgmen ts , as do f a m i l y 
c o n n e c t i o n s o r p e r s o n a l a c q u a i n t a n c e s . A l t h o u g h the 
a d v e r s e l y a f f e c t e d segment o f the p b u l i c seems to be 
w i l l i n g t o t o l e r a t e such i n e q u i t i e s , due t o i g n o r a n c e , 
l a c k o f power, o r i n d i f f e r e n c e , one doub ts whe the r t he 
same p a s s i v e b e h a v i o r wou ld occu r i f an a t t e m p t was made 
t o i n c o r p o r a t e e x p l i c i t l y the p r e s e n t d e f e c t s o f s o c i e t y 
i n t o an automated a r b i t r a t i o n sys tem. A c o n f l i c t wou ld 
u n d o u b t e d l y r e s u l t w i t h t hose hav ing a ves ted i n t e r e s t 
i n t h e s t a t u s quo , 

4 . S o c i e t a l I m p l i c a t i o n s 

D e c i s i o n s c o n c e r n i n g the r a t e o f t e c h n o l o g i c a l 
deve lopmen t , t ime of appearance of a p r o d u c t , and the 
s o c i e t a l i m p l i c a t i o n s a re j udgmen ta l i n n a t u r e , and f o r 
t h i s p o r t i o n o f t h e s tudy we used the D e l p h i t e c h n i q u e , 
a method f o r s y s t e m a t i c a l l y s o l i c i t i n g and c o l l a t i n g 
i n f o r m e d judgments on a p a r t i c u l a r t o p i c . Under t h i s 
p r o c e d u r e , p a r t i c i p a n t s respond t o a s e r i e s o f q u e s t i o n 
n a i r e s i n t e r s p e r s e d w i t h summaries o f t he responses by 
g roup members to e a r l i e r q u e s t i o n n a i r e s . The method 
d i f f e r s f rom s i m p l e p o l l i n g p rocedures i n t h a t the 
feedback o b t a i n e d f rom the responden ts a l l o w s the ques 
t i o n s to be m o d i f i e d ( e . g . , a q u e s t i o n may be too vague) , 
and tends t o p r e v e n t " s n a p - j u d g m e n t s " s i n c e the r e s p o n 
dent can see how h i s answer s t a n d s w i t h r e s p e c t to t he 
o t h e r p a r t i c i p a n t s . 

A s i n d i c a t e d i n S e c t i o n 2 , w e f i r s t p a r t i t i o n e d 
the p r o d u c t s i n t o t he s o c i e t a l a reas w h i c h they most 
a f f e c t : human i n f o r m a t i o n p r o c e s s i n g , s e c u r i t y , h e a l t h , 
law. p r o d u c t i o n and m a n u f a c t u r i n g , commerce, e d u c a t i o n , 
s o c i a l i n t e r a c t i o n , and a e s t h e t i c s . We then d e r i v e d 
a p p l i c a t i o n s and i m p l i c a t i o n s f o r each p r o d u c t , where 
an a p p l i c a t i o n is a s ta tement of how the p r o d u c t wou ld 
be used by s o c i e t y , and an i m p l i c a t i o n is the e f f e c t on 
s o c i e t y o f these a p p l i c a t i o n s . Thus, f o r P roduc t 1.1, 
I n d u s t r i a l Robot , one o f t he a p p l i c a t i o n s l i s t e d was 

Robots f o r t e d i o u s assembly l i n e t a s k s , " w h i l e one o f 
the i m p l i c a t i o n s was, " d i s p l a c e m e n t o f b l u e - c o l l a r 
w o r k e r s . " 

We used a f o r m a t s i m i l a r to t h a t of De B r i g a r d and 
Helmer ( 1 9 7 1 ) , as shown in F i g . 2 . For each p r o d u c t , we 
i n d i c a t e d the s o c i a l impact s e c t o r , the a p p l i c a t i o n s and 
i m p l i c a t i o n s , and the A I c a t e g o r i e s . The i n f o r m a t i o n 
s o l i c i t e d was: 

(1 ) What r e v i s i o n s s h o u l d be made in the p r o d u c t 
l i s t ? 

(2 ) What r e v i s i o n s s h o u l d be made in t he a p p l i 
c a t i o n s and i m p l i c a t i o n s f o r each p r o d u c t ? 

(3 ) What i s t h e p o t e n t i a l s i g n i f i c a n c e o f each 
p r o d u c t ? 

See L i p i n a k i e t a l (1972) f o r an i n t e r e s t i n g d i s c u s s l o t 
o f e x p e r t i n t e r r o g a t i o n . 



(4 ) What i s the r e s p o n d e n t ' s bes t e s t i m a t e o f the 
p r o t o t y p e and commerc ia l d a t e o f t he p r o d u c t ? * 

( 2 ) Rate o f Progress 

(5) What i s the l i k e l i h o o d o f each i m p l i c a t i o n 
and a p p l i c a t i o n ? 

(6) What i s the d e s i r a b i l i t y o f each i m p l i c a t i o n 
and a p p l i c a t i o n : 

The q u e s t i o n n a i r e was sen t to members of the 
I n t e r n a t i o n a l J o i n t A r t i f i c i a l I n t e l l i g e n c e C o u n c i l and 
t o o t h e r e x p e r t s i n the A I f i e l d th roughou t the w o r l d . 
A t o t a l o f s i x t y q u e s t i o n n a i r e s was m a i l e d o u t , and 
t w e n t y - o n e responses were o b t a i n e d . An a d d i t i o n a l 
m a i l i n g was sent to the San F r a n c i s c o IEEE Systems, Man, 
and C y b e r n e t i c s S o c i e t y , and a t o t a l o f twenty q u e s t i o n 
n a i r e s were r e c e i v e d . The a n a l y s i s o f r e s u l t s g i v e n 
be low i s based on two rounds o f responses f rom the f i r s t 
g r o u p ; t h e comp le te r e s u l t s w i l l b e p resen ted i n a 
f o r t h c o m i n g IEEE r e p o r t . Where i n t e r e s t i n g d i f f e r e n c e s 
between the two groups o c c u r r e d , they a re a l s o b r i e f l y 
n o t e d . 

Respondents were g e n e r a l l y ve ry o p t i m i s t i c 
conce rn ing techno logy deve lopment . As shown 
in Tab le 6 , t h i r t e e n o f the p r o d u c t s have 
median da tes f o r p r o t o t y p e p roduc t deve lopment 
o f 1985 o r e a r l i e r . I n the d e t a i l e d responses, 
o n l y one p roduc t had an upper q u a r t i l e in the 
" n e v e r " range (P7>. I t i s i n t e r e s t i n g t o n o t e , 
however, that i n g o i n g f rom the f i r s t t o the 
second r o u n d , t h e r e was a very s l i g h t , but 
n o t i c e a b l e , s h i f t toward c o n s e r v a t i s m i n p r o d 
u c t da tes as w e l l as the expected o b s e r v a t i o n 
of a r e d u c t i o n in the w i d t h of t he houses in-
d i c a t i n g a sha rpen ing o f concensus. 

( 3 ) P r o t o t y p e v s . Commercial Dates 

For the p r o d u c t s hav ing p r o t o t y p e da tes o f 
1985 o r e a r l i e r t h e r e i s a f a i r l y s y s t e m a t i c 
t r a n s l a t i o n of 5 1 2 years as one moves f rom 
median p r o t o t y p e to median commerc ia l d a t e . 

R e s u l t s o f t he D e l p h i Study 

The D e l p h i comments were rev iewed manua l l y , w h i l e 
t he t ime e s t i m a t e s and l i k e l i h o o d and d e s i r a b i l i t y o f 
t h e p r o d u c t s were t a b u l a t e d by a s i m p l e computer p r o 
gram. These r e s u l t s were p resen ted d i r e c t l y on t h e 
q u e s t i o n n a i r e , as shown in F i g . 2 t o r rev iew by t he 
p a r t i c i p a n t s . The l e f t s i d e o f the " h o u s e - l i k e " f i g u r e 
r e p r e s e n t s the l owe r q u a r t i l e , t he r o o f peak i s t he 
median, and the r i g h t s i d e i s the upper q u a r t i l e . 

Genera l O b s e r v a t i o n s on the Resu l t s -~Due to l a c k 
of space, the comple te 13 page De lph i Q u e s t i o n n a i r e 
w i l l not be reproduced h e r e . I n s t e a d an o v e r a l l sum
mary o f t he De lph i responses i s g i v e n in Tab le 6 , The 
r e s u l t s were o b t a i n e d by w e i g h i n g each response w i t h 
t h e s e l f - r a n k i n g o f e x p e r t i s e s u p p l i e d b y each r e s p o n -

j . 

den t f o r each p r o d u c t . ■ I n t h e t a b l e , p r o d u c t s were 
f i r s t , grouped a c c o r d i n g t o t he median r a t i n g they r e 
c e i v e d f o r p o t e n t i a l s i g n i f i c a n c e ( h i g h , medium, and 
l o w ) , and w i t h i n these s i g n i f i c a n c e g roups , they were 
l i s t e d i n o rde r o f p r o t o t y p e d a t e , The o v e r a l l d e 
s i r a b i l i t y i s a rough summary o f the responses c o n 
c e r n i n g d e s i r a b i l i t y f o r each p r o d u c t . 

The f o l l o w i n g r e s u l t s a r e o f i n t e r e s t : 

(1) P roduc t p o t e n t i a l S i g n i f i c a n c e 

H a l f o f t h e A I p r o d u c t s were thought to be o f 
h i g h p o t e n t i a l s i g n i f i c a n c e and most o f t he 
r e s t f e l l i n t h e medium p o t e n t i a l s i g n i f i c a n c e 
c a t e g o r y . 

Note t h a t i n a s k i n g f o r judgments c o n c e r n i n g t ime o f 
commerc ia l appearance , we a r e a s k i n g n o t o n l y whether 
a p r o d u c t can be made, b u t a l s o when the commerc ia l 
f o r c e s o f need p l u s p r o f i t a b i l i t y w i l l cause a p r o d u c t 
t o appear on t h e m a r k e t . 

A w e i g h t o f 1 t h r o u g h 5 was a p p l i e d to ( l ) u n f a m i l i a r , 
(2 ) c a s u a l l y a c q u a i n t e d , (3) f a m i l i a r , (4) q u i t e 
f a m i l i a r , and (5) e x p e r t r a t i n g s . 
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(4) L i k e l i h o o d and D e s i r a b i l i t y 

There is a l s o a s t r o n g mood of o p t i m i s m among 
the respondents r e g a r d i n g the l i k e l i h o o d and 
d e s i r a b i l i t y o f the v a r i o u s p r o d u c t s . Only 
f i v e p r o d u c t s had i m p l i c a t i o n s whose d e s i r 
a b i l i t y was deemed " v e r y d e t r i m e n t a l " ( P 1 , P2, 
P5, P6, and P18), and o n l y one p roduc t (P7) 
had a n n v e r a l l d e t r i m e n t a l r a t i n g . 

(5 ) Produc ts P o t e n t i a l l y Dangerous t o S o c i e t y 

S i n g l e d out f o r s p e c i a l a t t e n t i o n were p r o d 
u c t s t ha t were s i m u l t a n e o u s l y p robab le and 
d e t r i m e n t a l f o r one o f t h e i r a p p l i c a t i o n s o r 
i m p l i c a t i o n s , i . e . , hud a median e s t i m a t e o f 
1 i k e l i h o o d i n the range ( p o s s i b l e , p r o b a b l e , 
h i g h l y p r o h a b l e ) and a median d e s i r a b i l i t y i n 
the range ( d e t r i m e n t a l , ve ry d e t r i m e n t a l ) . 
These p roduc t s and t h e i r a s s o c i a t e d prob lem 
a r e a ( s ) a r e i n d i c a t e d be low; 

PI - Automated I n q u i r y System ( o p p o r t u n i t y 
f o r c e n s o r s h i p ) 

P2 - Automated I n t e l l i g e n c e System (use by 
government t o m o n i t o r a c t i o n s o f 
c i t i z e n s ) 

P5 - A u t o m a t i c I d e n t i f i c a t i o n System (use 
by government t o m o n i t o r the c i v i l i a n 
p o p u l a t i o n ) 

P6 - M o b i l e Robot ( r o b o t s o l d i e r ; a g g r e s s i v e 
a c t i o n s by some n a t i o n s ) 

P7 - Mach ine /An ima l Symbiont (use f o r weapons 
systems s e n s o r s ; a l t e r a t i o n o f human 
v a l u e s ) 

P10- Computer P s y c h i a t r i s t (use of system by 
government t o i n f l u e n c e b e h a v i o r ) 

P18- Robot T u t o r ( p o s s i b l e i n d o c t r i n a t i o n o f 
S t u d e n t s by government) 

P20- Genera l Factotum ( p o s s i b l e emot iona l 
impact on c h i l d r e n ) 



Table 6 

SUMMARY OF DELPHI RESULTS 
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(6) D i f f e r e n c e s Between AI C o u n c i l and SMC R e s u l t s 

A l t h o u g h no t u n i v e r s a l l y t he case , A I C o u n c i l 
r esponden ts tended t o b e s l i g h t l y more o p t i 
m i s t i c and have a somewhat s t r o n g e r concensus 
than t h e SMC g roup , bo th as f a r as p r o t o t y p e 
and commerc ia l development d a t e s , and t h e 
l i k e l i h o o d and d e s i r a b i l i t y o f t h e a p p l i c a 
t i o n s o f t he p r o d u c t s . Perhaps t h i s r e f l e c t s 
the f a c t t h a t many members o f t h e AI C o u n c i l 
a re a c t u a l l y engaged i n t he r e s e a r c h them
s e l v e s and have a ves ted i n t e r e s t in the r e 
s u l t s . Yet one cannot d i s r e g a r d the c o l l e c 
t i v e o p i n i o n o f those e x p e r t s who are c l o s e s t 
t o t he f i e l d . 

R e l a t i o n to o t h e r S t u d i e s — T h e r e have been many 
s t u d i e s concerned w i t h the impact o f t echno logy on 
s o c i e t y , e . g . , t h e e f f e c t o f computers and da ta banks 
on p r i v a c y , Wes t in (1972) and the e f f e c t s o f au toma t i on 
on employment, B o r o d i n and G o t l i e b ( 1 9 7 2 ) , Our s tudy 
was no t des i gned to q u a n t i f y the impact o f A I p r o d u c t s 
on s o c i e t y ; we can o n l y o b t a i n i n f o r m e d o p i n i o n c o n 
c e r n i n g the f e a s i b i l i t y o f a comprehensive se t o f A I 
p r o d u c t s and t h e g e n e r a l n a t u r e and spect rum of such 
i m p a c t . Thus , i t i s s i m i l a r i n s p i r i t t o t h e D e l ph i 
s t u d y of DeBr i ga rd and Helmer (1971) wh ich examined the 
s o c i e t a l consequences o f twenty p h y s i c a l and b i o l o g i c a l 
b r e a k t h r o u g h s . 

Ano the r s t u d y o f i n t e r e s t i s r e p o r t e d b y M i c h i e 
( 1 9 7 3 ) , i n w h i c h 6 5 e x p e r t s i n a r t i f i c i a l i n t e l l i g e n c e 
f rom England and the U.S. were q u e r i e d . Two e s t i m a t e s 
o f i n t e r e s t , c o n c e r n i n g l e v e l o f A I a b i l i t y and the im -
pac t o f A I on i n d u s t r y are reproduced in Tab le 7 . The 
e n t r i e s i n t he t a b l e r e p r e s e n t the number o f e x p e r t s 
who responded to the i tems f o r each t ime e s t i m a t e . I t 
w i l l b e n o t e d t h a t a lmost a l l o f t h e e x p e r t s f e l t t h a t 
comput ing systems e x h i b i t i n g human i n t e l l i g e n c e a r e a t 
l e a s t twen ty y e a r s away, and t h a t s i g n i f i c a n t A I i n d u s 
t r i a l s p i n - o f f w i l l occur i n l e s s than ten y e a r s . 

5 . Conc lus ions 

Two types of c o n c l u s i o n s a re g i v e n be low ; 

(1) Genera l s o c i e t a l i m p l i c a t i o n s o f the A I 
p r o d u c t s 

(2 ) The need a r i s e s t o f o r m a l i z e a l g o r i t h m i c a l l y 
some o f t he e t h i c a l and e m p i r i c a l r u l e s and 
t r a d e o f f s t h a t s o c i e t y obse rves i m p l i c i t l y , 
b u t wh ich are r a r e l y made e x p l i c i t — F o r e x 
ample , i t may be necessary f o r a r o b o t to 
have a v a i l a b l e r u l e s wh ich d i c t a t e how to 
t r a d e - o f f l i f e f o r p r o p e r t y , e . g . , when i s i t 
a l l o w a b l e to wreck an a u t o m o b i l e t o a v o i d 
k i l l i n g a n an ima l? 

(3 ) The e r o s i o n or e l i m i n a t i o n o f u n i q u e l y human 
a c t i v i t i e s wh ich t y p i c a l l y d i s t i n g u i s h man 
f rom o t h e r an ima ls o r mach ines—There w i l l b e 
a p r o f o u n d p s y c h o l o g i c a l impact as humans 
b e g i n to wonder whether t he re a re human c a p 
a b i l i t i e s wh ich a re t r u l y u n i q u e . 

(4) There w i l l deve lop a p p l i c a t i o n areas wh ich 
a re no t f e a s i b l e w i t h o u t machine a i d , such 
as a c c u r a t e weather p r e d i c t i o n o r economic 
f o r e c a s t i n g . 

(5) There w i l l be many mundane a c t i v i t i e s wh ich 
w i l l be cheaper o r o t h e r w i s e more d e s i r a b l e 
f u r machine accomp l i shment , w i t h t he r e s u l t a n t 
d i s p l a c e m e n t of human w o r k e r s . 

(6) The au toma t i on of the mechanics of government , 
e d u c a t i o n , l a w , and h e a l t h c a r e c o u l d imp ly 
a c o n c e n t r a t i o n o f d e c i s i o n - m a k i n g r e s p o n s i 
b i l i t y wh ich c o u l d i n t u r n l ead t o a p o w e r f u l 
e l i t e , 

S o c i e t a l C o n t r o l s 

I n examin ing some o f t he i m p l i c a t i o n s o f t he A l -
o r i e n t e d p r o d u c t s , we no ted tha t some of these p r o d u c t s 
w i l l b r i n g w i t h them q u e s t i o n s o f s a f e t y , p r i v a c y , and 
e t h i c s . 

S a f e t y — T h e s a f e t y f a c t o r s a re o b v i o u s : I s a d e 
s i g n e r to be a l l o w e d to pr€>duce autonomous d e v i c e s wh ich 
are f r e e t o n a v i g a t e over c i t y s t r e e t s and i n homes and 
o f f i c e s w i t h o u t some rev i ew procedure? f o r dev i ces wh ich 
r e q u i r e a n a l g o r i t h m i c f o r m u l a t i o n o f Judgmental f a c t o r s , 
who s h a l l d e c i d e whether t h e f o r m u l a t i o n i s a n t i - s o c i a l ? 
F u r t h e r m o r e , how can such f o r m u l a t i o n s be v a l i d a t e d , and 
by whom? 

(2) Recommendations f o r an AI rev iew b o a r d . 

S o c i e t a l i m p l i c a t i o n s 

I n exam in ing the s o c i e t a l i m p l i c a t i o n s , w e f i n d 
t h a t the most i m p o r t a n t p o s s i b l e l o n g - t e r m e f f e c t s o f 
t h e i n c r e a s i n g development and a p p l i c a t i o n o f A I t e c h 
n o l o g y a r e a s f o l l o w s : 

(1) A decreased need by most persons f o r d i r e c t 
c o n t a c t o r i n t e r a c t i o n w i t h o t h e r human 
b e i n g s — T h a t i s , i t may b e p o s s i b l e f o r i n t e l 
l i g e n t machines o f t h e f u t u r e t o supp ly no t 
o n l y i n t e l l e c t u a l s t i m u l a t i o n o r i n s t r u c t i o n , 
b u t a l s o domes t i c and h e a l t h c a r e , s o c i a l 
c o n v e r s a t i o n , e n t e r t a i n m e n t , compan ionsh ip , 
and even p h y s i c a l g r a t i f i c a t i o n . 

AI development has now reached a s tage where such 
q u e s t i o n s a r e n o l o n g e r i n the s c i e n c e - f i c t i o n r e a l m . 
For example , some of t he m o b i l e r o b o t s a l r e a d y deve loped 
have enough speed and power to cause p o s s i b l e i n j u r y to 
humans encoun te red by t he r o b o t i n t he course o f p e r 
f o r m i n g i t s t a s k s . Any d e v i c e wh ich i n c l u d e s the c h a r 
a c t e r i s t i c s o f m o b i l i t y , speed, s t r e n g t h , and u n p r e d i c t 
a b i l i t y can be e x t r e m e l y haza rdous , e s p e c i a l l y i n an 
u n c o n t r o l l e d env i ronment o r where c h i l d r e n a re p r e s e n t . 

Pr ivacy—Some o f t h e p r o d u c t s p o s t u l a t e d i n c l u d e 
the a b i l i t y t o i n t e r r e l a t e l a r g e and d i v e r s e d a t a bases 
u s i n g advanced d e d u c t i v e t e c h n i q u e s . Proper sa fegua rds 
must be imposed on t h e c o l l e c t i o n and use of ouch d a t a 
base systems t o i n s u r e t h a t t he r i g h t o f p r i v a c y o f t he 
i n d i v i d u a l i s r e s p e c t e d . 
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E t h i c s Problems o f e t h i c s a r i s e i n automated 
c o u n s e l i n g systems wh ich a d v i s e a s t u d e n t c o n c e r n i n g 
c a r e e r c h o i c e s . Has anyone v e r i f i e d t h a t t he c o u n s e l 
i n g program i s n o t b i a s e d a g a i n s t c e r t a i n g r o u p s , o r 
unaware o f t he s t a t u s o f c e r t a i n c a r e e r f i e l d s ? Ano the r 
example o f a n e t h i c a l q u e s t i o n a r i s e s i n E L I Z A - l i k e 
s y s t e m s , Welzenbaum ( 1 9 6 6 ) , f o r p s y c h i a t r i c c o u n s e l i n g 
wh ich t h e u n i n i t i a t e d i n d i v i d u a l assumes has dep th and 
s o p h i s t i c a t i o n , n o t r e a l i z i n g t h a t t he program o p e r a t e s 
u s i n g v e r y l i m i t e d word p a t t e r n s and p h r a s e s . 

Somehow, these p o t e n t i a l dangers to s o c i e t y must 
b e communicated t o d e c i s i o n makers i n b o t h t he p u b l i c 
and p r i v a t e s e c t o r s . Baram (1973) has d i s c u s s e d t e c h 
no logy assessment and s o c i a l c o n t r o l , 

" I t i s now t i m e t o . . . d e v e l o p a cohe ren t f ramework 
f o r t he s o c i a l c o n t r o l o f t e c h n o l o g y and ensure 
t h a t f o r t h c o m i n g processes o f t e c h n o l o g y a s s e s s 
ment and u t i l i z a t i o n w i l l be s y s t e m a t i c and humane." 
Perhaps one v e h i c l e f o r k e e p i n g the p u b l i c and 

d e c i s i o n makers i n f o r m e d abou t A I d e v i c e s m i g h t be an 
A I E t h i c a l Review B o a r d , s i m i l a r t o t h e r e v i e w boards 
used i n the m e d i c a l p r o f e s s i o n , wh ich d e a l w i t h s a f e t y 
and e t h i c a l p r o b l e m s . Members o f the board would be 
s e l e c t e d f rom the A l communi ty , b u t would a l s o i n c l u d e 
l e g a l , p o l i t i c a l , and o t h e r a d v i s o r s , a s r e q u i r e d . The 
board wou ld recommend l e g i s l a t i o n , e s t a b l i s h s t a n d a r d s , 
sugges t s a f e t y g u i d e l i n e s tor t he use o f r o b o t s i n h u 
man e n v i r o n m e n t s , and a d v i s e i n v e s t i g a t o r s i n t he A l 
f i e l d b y means o f j o u r n a l n o t i c e s . 
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Appendix A 

The Delphi Methodology. We found that the Delphi 
methodology has the following advantages and disadvan
tages. 

The problem of part icipation. There are two basic 
problems involved in the sol ic i tat ion of responses on a 
voluntary, nonpayment basis: (1) approximately f ive 
hours of expert time is required to supply answers for 
a l l three rounds of the Delphi, and most experts do not 
have much time to spare for such extra-curricular stud
ies, (2) there is the problem of the expert who dis
agrees with parts or a l l of the Delphi structure or 
orientation, but does not feel that the effort required 
to revise the questionnaire is worthwhile. Such an 
expert may respond to the questionnaire, but in a half-
hearted manner. 

The problem of evaluating expertise. A basic prob
lem that arises in a Delphi study is the individual's 
rating of his expertise. Because the true expert may 
rate himself modestly, while the novice inflates his 
capabil i t ies, we find a tendency for the responses to 
cluster in the "moderately expert" range. We thus lose 
the greater importance of the true expert, while in f la-
ting the importance of the novice's response. Although 
there does not seem to be any valid way to overcome this 
d i f f i cu l t y , an attempt has been made to 'cal ibrate' the 
responses using a technique developed by Lipinski [An
drew Lipinski, Insti tute for the Future, Menlo Park, 
California, Personal Communication]. 

Delphi as a communications tool . As has been in 
dicated by Turoff (1971), Delphi can be considered as a 
process which allows the establishment of a meaningful 
group-communication structure. The questionnaire then 
serves as an entree to the expert, and enables response 
to be obtained that would ordinari ly not be available. 
We found that communication is maximized if a personal 
interview is available after the expert has finished a 
round of the questionnaire, because comments and analy
ses which would not appear in written form could be 
captured by the study team. 

Delphi as an organizing tool . We found the cate
gorization and organization required to derive the 
questionnaire a very useful exercise in helping to 
analyze the f i e ld of a r t i f i c i a l intel l igence. Because 
we are forced to derive a meaningful product l i s t , we 
had to examine carefully the Al capabil i t ies, postulate 
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products, and iterate the capabilities-product process 
un t i l a satisfactory l i s t was obtained. After the 
questionnaire was prepared in draft form, it was tr ied 
on A.I experts at SRI, and on Delphi experts at the 
Inst i tute for the Future, Menlo Park, California, and 
Pacific House Associates, Palo Alto, California. Their 
suggestions lead to several modifications in the ques
tionnaire and the proposed product l i s t . Thus we found 
the preparation of the Delphi study a unique organiza
t ional tool , one which forced us to confront the basic 
problem areas in AI in a more ef f ic ient manner. 

FIGURE 2 EXAMPLE OF THE DELPHI QUESTIONNAIRE 
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