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~~hypothesis retr ieval process which is based on a model for hypothesis

retr ieval develope d by Gett ys, Fisher , and Mehie (1978). A computer simulates

the human hypothesis retrieval process by searchin3 an enriched associative

mem ory which contains the associaLions of a number of individuals in the form a

l ist s of hypothese s for eac h datu m . Whe~ the data of a decision problem become

known , the appropriate lists are searched by the computer . Hypotheses that. are

com mon to most or all of the lists are su•~3estesi to the user , who assesses then

for plausibility. An expe riment was performed to determine the utility 0f the

aid for both expert and non-expert users. The aid produced a substantial gain

in performa nce for both groups of users , su~~estiyi~ that further development of

the aid would be worthwhile in decision situations which are repeated often

enough to warrant the creation of an enhanced ~rt i f ic ia l  memory. Also discussed

are several techniques for implement,.IIq the aid , and determinin’3 the maximum

.aaie in performance that the aid can produce. 
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A memory retrieval aid to enhance hypothesis .
~enera Lion performance

The structuring of a decision problem is a vital precursor to the act~i~l

dec ision, since model specifications are used in all further analyses of the

decision problem. If the decision maker -fails -to consider relevant hypotheses

or acts in the decision model then the entire decision process Can go awry

because the model employed is incomplete or faulty .

Recently we have become convinced that the process of hypothesis 9eneratlon ,

one of the vital constituents of problem structurin .~, is •~uite inefficient in

non—routine tasks involvin•3 m a y  possible hypotheses. For e>:ample , Gett ys,

Fisher and ~ehle (note 1) found th at hypothesis ~eneration performance is ‘~uite

ispoverished; only about 50Z of their sut’~ ~cts were able to •3erlerate two of the

thr ee relevant hypotheses in a hvpothesi’~ ‘3eneratlo1 Ls~ . Curiously, while

subj ects were unable to retrieve complete hypothesis sets from memory, their

assess ment of the com pleteness of these sets was quite optimistic (Get ty s ,

Mehle, and Fisher , submitted). Evidently the su5j ’?cts beli&v ~d that the

hypothesis sets are mor e complete than the ,- .ctually iII’C because hypotheses

that have not been 9enerated ar i~ (&lr Liy~ ly u~~n v n 1 l~~1e in memory (Tver s k . y ~ IU i

K ahn em an , 1974 ) .  The in-1bility to qene m te all ‘eiev~ nt hypothesi~ s coupled

with the belief that more aT the relevant hypoLhc’~~~s have L.ee i ~i e n e - n t e i  than

is actual ly  the case ma~~s the si ,~: j ect 5 par t i cu l ~~ rly vulnerable. Unaware of

their deficiencies , they are , in effec t , °fa~. aiid hap~.y ’ .

Since subje cts fail to retrieve enou~h relr’van~ hy •othes-~s i o n  memory, and are
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often unaware of their failure , it would be profi t ats ie to deve lop an aid for

hypothesis generation. The hypothesis generation aid up propose is identical in

log ical structure to the hypotheses retrieval model developed by Gettys, Fisher

and ~~~l, (1978) to describe the retrieval of hypotheses from human memory .

However , it differs in that its associative memory is enhanced because it

combines , or pools , the associations of a number of individuals by using a

conputer. Thus the aid is able to retrieve additional relevant hypotheses that

were not retrieved by the user because the aid, in eff ect , searches the memory

of many individuals, counteracting the inetflciencies in the memory of the

individual user. The supplemental hypotheses provided by the aid should provide

a larger , improved u. ~ ~thesis set.

This aid is best suited for repetitive decision situations, or other situat ions

where it is deemed worthwhile to .30 to the effort of constucting an artificial

memory in advance. Some decision situations occur frequently such as automotive

and electronic trouble shooting , or medical diagnosis; other situations may

never have occurred , but are objects of much advance plzinr~ing, and thou9ht.

These latter situations , such as planning for a possible me lt—dow-n of a nuclear

reactor , have poss ible repercussions that are so profound that advance planning

is conducted. In either 0f these types of situations the effort of constructing

an artificial mem ory to aid hypothesis generation may be warranted. Uhile the

gain from each decision in a repetitive decision situation may be relatively

%nal l , there  are many of these decisions that could be aided. In the case of

th. latter type of decision whose repercussions nay be profound , the effort to

co nstruct an aid to hypothesis generation may be worthwhile, even if it is

never used .
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The aid is implemented by cons ~r’ ,cti ~
-
~g an enhanced artificial memory in

advance. Uhi le there are other techniques for const~’ucting the artificial

memory than the poolin ; process mentioned here, their discussion is deterred to

a later point in the paper . The pooling process involves asking a number of

individuals to search their memories for hypotheses that are a3sociated uith a

datum . From these varied zssocizitions , a list that is rich in hypotheses is

cons t ruc ted  by pool in9 th~ hypotheses of the contributors to the list. This

process is repeated for each datum that is anticipated in the environment . The

result is an enhanced associative me mory ~ihere the lists for each datum consist

of the associa tions between that datum and a number of hypotheses.

Once the a r t i f i c i a l  memory is stored in the computer it is ready for use. Alter

the arrival of a ~~~~~ on z~ ~~llect~on of data , a search is made of the li:t

of possib le hv ;ot be ~~~ for e~nh iiew datum , and hypotheses that appear on many

of the lists ave i;ot~-d z i d  added to a list of computer—genera.ed potential

hypothe ses. Then th 1 ~ I ;t of hy~.othe:rs is compared to the list of hypotheses

that the ‘~ser h~ i 
~~~~~~~~~~~~~~~~~~ 

Hypotheses that the computer retrieved from its

memory that were not retrieved by the user are displayed to the user. Finally,

these addi t iona l  hypot heses ~re assessed or plausibility by the user a-nd added

to the cur rent h ,p~~ ~~~~ set if -tl-1e user finds them plausible.

this aid is s imilar in logical structure to early medical .iia-3u0s1s aids. These

..ids were uns uccessf i l  because they employed determinist ic inference in a

prob ab ilistic task.. Hou~ -.- .~e , sud-~ an aid is viable when the task is aidjn~

,iemory retriev al , as no ~it’~~ pt is made by the aid to en~ag~ in proba bilisti c

:t nfe renc c ~. Si nce hypoth’:rc’~ are retrieved for subsequc~~t evaluation by the
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use r , the d if f i cu l t i es  that were encountered in modical diagno~ is are avo id?d.

The primary emp irical question to be addressed in this study is the assess ment

of the actual gain in hypothesis generation performance that the ai’i provides

whe n hypotheses sug3este d by the aid are assessed by the user. One variable

that should have an eff ect on the improvement produced by the aid is the

expertise of the user. Non—expert users shottid show the biggest ~ziin in

performance , and expert users should show more modest •3ain~. This man ipulation

also addresses the question of whether ’ non-expert subjects can serve as

surrogat es ’ for scarce expert sut~~ec t5.

A second variable of interest is the number of data in the hypo~~es is

gene ration tasks. The aid does net contain a Lrnique list of hypotheses for

every  possible combinat ion 01 dat.a that could occur. If , for example, there

were 100 data that were possible , then the n u m :’a~’ of lists that would be

nectessary ~ would be two to the hurdredth power . instead , only 100 lists of

hypotheses would be creat ed . Hypotheses that are appropiatc for mult i~ le data

are found by sea rch i  r~g f o r  hypotaeses that are common the lists for the data of

that prob lem. IFe adv arta 3e of this latter procei~ r.:’ is a tremendous reduction

in the e f fo r t  to co ~ str i ic - t  the art if ic ia l  memory of t iu e aid , but the rule for

finding hypot hese s su•~
.
~’:s ted ~ -j r .iltiple data may be ineff icient . Consequently,

we decide d to study t~:e aid on the single , and in a ml.i l tiple—data case.

Accordingly, the design of the aid study incorporates a between—subjects

variable of expertise of th’~ user, and within—subjects variables of number of



S

data , and whether or not a particular -~~o th~~tc qen~~~tt ’~O(~ prob Lem i5

An additional non—a ided control condition is incorporated in the des~~n to

assess irrelevant differences between the non—expert a - ~ the e>:pert groups.

This condition employs a hypothesis generat ion task in a doma in where experts

and nonex pert s have co mpara ble amounts of backgrou nd an.i k. ~~edge ii order to

assess d i f f e rences in performance of  the two g i u -.s due tc I2. ’~€ rc e variables

unrelated to exper t ise , such as intelligence and motivation.

Me Uod

Met i and procedure for the ~udL ~~~ p~~ri ment.

tI-jesi~ ~ener~’Lo~ tan’s. The hypothesis generation tacks chosen for the

aid experiment are the ‘Majors t~ sk and the “Animals ” task ~Getty ; , Fisher ,

and Mehle , 1978) . In the r~ajons task the ~ub ec t ~s giver severa l ‘ aur:es that

an University of Okla h orna ~Uu ) stu.lert hz~ taken , and is asked to ~~rterate a

list of plausible ma ,ors for this student. The A nima ls t rs~ ~s sii~ l;ir e>~cept

that the subj ect ~s a s k e d  to generate a list of plausib~-? ~~~~~~ f~ -~ se.’eral

aRimal cha rac te r i s t i cs .

The Majors task w as chosen because we have ac ces s to the v e - i d i c - l  poster ior

probabil it ies of various majo rs given the cl~~ se; that a CU stu.i~~a t  h, -, taken.

The presence of -the veridica l proh-~bili iCS makes the eva luat ion of the aid

possible as they provide the information necessary to create ob ject ive ind ices

of perfor mance.  The ver id ica l  proha~,ilit ies were not us~ .i in the cr ,nst ruct io~ ,

or the oper at ion of th~ aid. The ver id ica l  probabil i t ies are population v~- l ues ;

166 ,858 enrol lment reco rds at the University of Okiaho m covering a four-ye~sr
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pe riod were tabul ated to obtai~ th~~e ~~~~~~~

Frob lem s in the ~~ j o~ s ~ ,- ~r — ’ 1 or 3 data , an-i we~ e ai - i-1 or  Y~ •~~~

the t r i a l s .  The An ima ls task ~h e e  pcssihl  v anim : i  hyp& ~s~~ ’~e; we re ~

from ani mal  ch~. rs c t e r i s t i c s  sc~r-ie~ as a c u nt r e l  task , ~nd wa s not aided .

Ar examp le of a ~zijors p’atis.i is ~aa aL~~~ c r:t:e- i . This is a three .~ata proble m ;

the th ree  dat a are:  1) C~~?~ ss t ry 13 14— Gene ra l Chem istry , 2) C he m is t ry

3053- Organic Ct em isti - y, a d  3) latheMntics 1~ 13—College ~d~ e -a . ihe list c~f

hypotheses gene r? . ted  b y a random~y chosen expert subject included the foA lu ~~ng

majors: Cs&~ i stry, -3ineer1 ;- •~, -tar ~ acj ,  a id  Physics.  There w ere in t a c t  l~

majors wh i c h had non—n e gl ~ bie r ’ob~t ~ i t ies  for this problem. Th~ se ~i~ or s

dna trtei~- ve~ isicai Pe I c ~
- n in 

~ ~~
, ~ •~~ j 

~~~~~~~ (4 .  ~ 
) , Cheiis tr~ (6.

E d u c a t s o -  ( 2 . 1 Z ) , En•3in ’ i r- j  ( 4 . 1 Z ) , Laboratory Tech nology (9.3Z) , Liberal

Studies (2.1Z), Medical tecr.- c j c - -
~ (4 . 1Z ~ , Micro hioio-~-/ (6.2X), Pharmacy

(21 .6Z), Psycholo gy (9.2~ ) , : . ,c- i~~t~ Colle -~ ~11 . ~i) and Lao~ ru . (1C ..~~

Univeu ’si t v  L~ i ~-~e ii ~i ’ u - .:a.c ~ r - ~ major for ~e- ~in~- i  -~ s L~~:~ n .

remai n i rs  ea !o rs a l l  had pv - cen t r i es  or less th:r 2~. The sum ~f t~-e

perce ntag es of majors with ie’rc- t :~~ s -3 e r t e r  th~~ 2~ 15 10. ~~~~~. f a A~~.~~-:t

ac~ ieve d such a , :t woui j  r~ .e L-.~ en o: t~~i’i pe ’ f c m~ar:e in this t~ sk as t ~e

s ub jec ts  w e r e  : n st r u r : t e 1  ~-n -r~~i.ps -i wi th .11 ~ . t.h -’ s~ s ~re. te- ’ t r an  .‘~~~ . As

can be cal cul ted from the percentage.~ of’ the h’,’po th ~~ ~~~, that the sub ~er I.

generated , the sub ect’~. perf~~’~ -: ce w .  3~ .~~~~~~, a id  t~~e sub iect fr~ led to

generate several i srt.nt h— ,-.oLi-u~;es such as L .ba ’~ to’~ Technology,

r l : c rob io logy ,  Psycho logy , ~in.iversity Col iaie , and 100103-, . This ~~~~~~~~~~ is

typ ica l  o ~ the a iera ~ e s ’ V je c for this prob lem . i~ -:. u . i te i • :‘ i . ~ h~~ d irect

theo re t i c a l  iii tui ’pr thlio c; it is the :‘ rc babi l ity  that L I !  sub j ec t ’~ i l:. t of

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

~~~~~
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majors , or c y ~ ot hes is  s e t , c o ’n tn .  ~ L~~ c u r -  ?-st ~ypaLi c~s~ ‘~~~. T I . .  , t ui t r I  S

problem , tn is s ut ’ iec  t would have ~a to CO 5 i i~~~’ 5 1 ’ ?  co . .-~- 5  t h-j~.a t~ iesis w i t h

a proba b i l i t y  o ” 6~ .1Z.

An exam ple of an ~nitial t :ioolem was -to nn~ e ;‘-umals that h n.e antlers. Tre

responses of the same subjec t to -this problem were : ic-’- - , moo~ :-, ~‘nteiu~.e, arId

reindeer. The rea.ier is :nv ited to -:~~‘n eri tn  ziidlt lo al r ,~’a t h?s?s  for this

prob lem .

Açjan~’atus. The experiment was con-trailed by C Compucolor computer w hich ‘ a l  a

color  g raphics c apa ( i Ii tv , aid w~ s p’oj ’ammed u axt’n i~ -~

Si:j .’c t c .  Th€’ sob er: i n  thu ‘~ ra lerument ~ere ur -n~~ - tr c - ~ i~~”~ ;nont :la tior .

No n— e ~ pert  sub jec ts  -~er e Uri - -~~~“ i Ly ~ U~,i-: h~~~, s . . - l c - o t s  i n  .Ir’ r C re~ Li r ~—l to

have ~t least 60 bc. ; of c s ; ’r ’s c- 4c 1- t t ie  U’ i ivc - : ’ ’ .y 1 t ,pi. c- i ~)•iI i~~.

Thest ~ s t a l e r t s  w e r e  I ~C rI Sa l  f a rn  c i  saea a id eJ~ ;. rp .~ - a ~~ :‘ rtu~ emen in • a ni

were  ç n i~ $ 5 .O ’~ for tt..~~’ ~a - t i c i ~:n t i  n : .  TLac: w a C  16 s t l~~~st s  ~c tt- is •~ro up.

tine exper t s b a- c t’ ’ ’~-~~-e U ’ i~~v r a i t ’- , of hi i . I n ~~, Cur.’~~~!) I1 A - ; v~~~o s .

Col leqes aol in e ça rte e ~~ a Lhc ’jn yr ’s 1 t y  ~ r ‘ t a s  a a lV is i  iq off i cus - r i  -?m;: lay

m div ~i - l  W~ 5 1  0 jot’ - .e o f  ~~~~ ‘r uc i lca~ -~ sor ” wh~ are c .~nnn ’t. on

tJni ver s i ty , Coil e•~e , an I 1’u ’sn~~- t n i  ~~~ ‘ em?r  , a o l  ~he a- ’ce o f f e r i ng s  of

the Univer~ ity . This group ol’ ex perts are ~ -of ’n.~si r a l  ntudent :lv ~sors w hO

w or k w i th  ~ t U d C i t  ncheda le . ;  0 -  a ~;il j S~~~is. fl are art ’ rt’~~i t  30 ‘~~ch ~‘~isor~ ,

nd we r.~. - ui ted 16 to’ U s  ~-:-~ç e ’ 1  m1? ’ . 
‘
-~ -‘na sub~ec t.s w~— ’c’ kai’ i  ~ $ 0 .03

‘ ‘ n o - o r a r i u m ’ for  t l ’~ir at i :  ~j . nt i r n i i  a l . ’ lOt to t i~~i’  d ual ~.~ la ’ y.
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~~~K:t1Q t i  ~u~:J!cb5. The i -s Li oct ~ois to subjects were elaborate. First ,

w r it ten  instruct ~ o-ns explairIln3 the exp1~r iment and the aid wer e presented on

the computer.  It w a s e~pIaine i that the possibi l i t ies s u s  ted by the aid were

to be caref u l ly  assessed ; that the nut ec ts should use their best j udgment sn

dec iding w nether  or not to include tb~ aid’ s su3-3estionS on their list of

hypotheses. A particlarlv pertinent section of these instructions is

reproduced below :

Ue are investi3ati i•~ a co~puter aid for memory i’ this study. Uc have
found that people sometimes fail to remember re levan t  information in
ce r ta in  si tuat ions . The computer nil acts a a prompt for memor y . Ue
are uiitere sted ili in i~~ai- niiq how useful the aid is i i  helpi1v~ peoç le
searc h their memo ries .

As w e are interested in the eatent to which the aid helps you sea rch
your memory, ii s vitally important that you understand everythti~
about the experiment. For this ‘-easoli , we want you to ask questions
whenever you need c lar i f icat ion.  Ue wi l l  be happy to expla in any
aspect of the experi.~ ent to you .

One ol’ the first things that a doctor does before maki ng a diagnosis
i s  to make a menta l  l is t -  of ti’ e pOYiiLiC dinc’~ su ’~ that the patient
mig ht have based on the patient ’s symptoms. ir this list does not
inc lude the disease hnt ti e pa1~ ‘ i t  has , t I~ doctor ’s d~ a~ros is is
bound to be w ro ng .  So coming up wi-t in a complete lust of possibi lities
u s very i m po r tant and we are Hu ng a- i aid thai. 5hould help people
cred te a more complete lisL

ZE ns t e ad of’ investigating medical .liagnos is which requires Special
&xpert~se , we have chosen similar problems wh ich have the same
c h a r a c t e r i s t i c s .  So me of these problems involve -~enernt ing a l is t  of
poss ib le  majors ‘for ni unknowfl Oh student 0 1  the t.dO 15 of courses
-that this student has taken . For e x ample , if you knew tha t the
inknow n studen t h’id LrT ~en 2 hours of Zoology, you wo uld probably
inclu d e B~o1ogical Sc ie nce majors on you l ist such as Zoology and
liotany. The student could also be a Psycho log-~ mj ,lor who took these
courses  as part of a frre—Iled ç o ,~r im , or ev~ i an Art ma jor wino in
f a s c i n at e d  by Zoology. A rt , of couise , is not ne~i’1y as likely, but
i t  is poss i b le .  Many other ~o’~sihle majors ~~isL. Can you think of’



~ny ? How I ike) v are they’?

To cut the task uf -~c - ine raLun -  thus li;’ ‘l :~ a to m5’ a- le bie size, you
neeci not ~dd ~oss1b Ie , but huqlnl y uril ely ma c ’s ( sucn as ~r t)  to
i,he list you w i l l  qener ~ 5a . V t ie  C~

- . e S  oI’ a particular Ma Jor are
less than 2Z yo -.i s~ ouid not add t ~o your ii ;L , L i t  all  major s whi c h
are more l ikely than 2Z sN- - - . t ld be 1 1 JLle - i  on your lint.

One way of ~~~ a~ this ClO5I~’-? i’ ~s t n  u~.n-~mne that all the
non- t rans fe r  stu ler its  wh o had ta. :en these Zuoioi-j  courses for the
last several years  were iSscn . lel in  a la -ne auditorium . Students are
seated by ma ci - i -ic r I :‘ rqe ;u~~i; ii.~~nq th~xr majors. ~ Om ? M a j o r s
wi l l  have many S : i ! i ? i LS , at ;  ann w ill OVC On ~y a few , or none. Your
task w i l l  ~e to lis t  al l tine a Jors 0 unh include more than of the
tota l  number of students in this room. If thus isn’t perfect ly  clear ,
now w .~u lu he a good time to discuss this w i t h  the e~ per:me nter.

Other probleri —n wil l i wolve i~aking li~ tn ~~ anLcirls f ro~ theur
cha r ac te r  us t icc. Use t i- c ~~ -uI a - one also . IV th’~ animal ha ,un-i tha
spec i f i ed  c h a r a c t e r i s t i c s  is qu~ Le rrirt~, you need aoL add it to yr- .:
list.

Followun 1 the wi ’- t S r i  i- an t i - c t  ~u . ’ t i t e  sub jec ts  worked three pr~~ i iCC pro blems

l;~ iTs 3 t ie  s~ me pro ced ure as in t n  iia~~n e :-;~ne’ r irc- t . T Lu ,~ o :s  w e  of eac h

O f p aL l  em used j r  the mau ? - ~~~& nment ; rn unaided ‘ M a j or- n’ problem , a aider

• p rob le m , and :‘ “~~ im :l’ j -  uL l’~ da r e inclurie l un tL . r pract ice not so

t L ; 5  t rIo stir c ’ c t s  w a , i ld  ha -v ~‘ :~ ‘ e ’ 1 - : rr . w . LI a~ l of the ‘types of problems t •  be

~r:co ntere d ii s t e  mat  u

Lie’?n~~n ~~ the ‘~ 1 u i d  . i~ ’ sig i a 2 r~ b/ 2 mi - - vA  ~‘. c t n i~ l wV ’re

exp ertis e is a reLwc ’~- - - n aups - -~~~-: inbie , . 1  i~~~iV ar of I- Sr and ai.iing ~ l u

with i —~i r o ; p s  van ~h . ~hI ’ ?  d~- r n- ( 0 ;  n e  -d:tu m problems , and four

-1’ 1, i. ~ i : ‘ ~ • 
r 

- ch -,tiL’ ‘( t UTiS a x  i-’ l on 507. of the ~

cj 1l lnter bz il a nc ed a c ross  no u n- a r of  L S so t i nt  ~~ch prob lei u ,o a i i-i equal 1- ,-

o f t e n  ~o ’  € a c  1 ~r - ~ ip . ~~~~ two “A~iiMriI “ j : rci l.’ ‘~ wer e i ur lule’i ~ t in  t he c i  -4-it



Majors ” proh l ems , so ea ch o;:5’ ec 1 uo ’F - -~ . ru’r es of t en U~~~Ll  cvi ; 11 t o— ri

l:’art of the ex pec- i me n t . The order ot the tu :~ ~rr~:l~~ o was  - - . o r i i z e l  fo r  each

I-. sut’je c t.

~ uT~~~u2o1
~J’e:-~~. lol lowing t re  inn cu~uc t lon - . the ~ t - ’ct~ w c n  ‘ .l t - n  p o5~ c-m s at

t hec r  on.— pace. T he expe ’ ri~ enL i sess ion ty~~~ra l  I y l -u ~ t~~ Latwee :  n~ e m l  (me

~zind a half hours. The data cnL ITI problem woO d~ ~: . u ~~Cd :1 ire vid~ n ~r ree~ of

the co m cn t e r .  T tu’ n subj ect-’s answer ’ s 0:-ia 5 , - n - I  xn tc the ccvipu’te’r &a , - ~nr~ . For

the ‘ llajo - -n” prou lc-ri~ a spe i i i n~ check a m~u • .~ ’ ~-y t Ie Co~~’nte ’. ~~~ei

s ubject entere’ l a major  it was compar to a i- i -~t ol’ ~iuP 63 pos~ i t i  i-: s i x .  If

an ex’ ct l.~ Lte u ’’- f r a  - l e t t e r  ci~~Lc r: w c  r00 ’i, the majo r  wa s i- ~’l-o d to the

subject s h st of’ p la~ ;i ble mc~o -- s .  Il’ I-hi; r:utc n ~~ i i - c _ ,  then the computer

e . e c u t e d  a ro u t i ne  w~~eu -e it atte ric ie l to ide : c -fy n t , entry . If a run or clcsei y

rpp ro n i  ~at ~ t t e  Sub :eC L’s c- t ry  ans  t o. i , U ’:’ comp uter as ed for

c ori f i imat on that this ma jor U-as l’il I~ c S She one t hat the sub iect i nten’leo . The

sub o c t  C O i L r u e d  tc  e1 cor ma o- s until the sub j ect Lu~~l ieved that all the

m~~~u ’ wt-  i c r  tnclu.ie.l ~~~~ Sb- , ,  2’l a t  U-a ‘ o . ~.c - ’~~~s~ n~~cj had t ake-n the spec u

( :ou rses t ;o  t e e n  ui c - ri t i ~ L ed. Iron the nun :-j c - c S c- L-n ’e- l “ DONE” unto the computer.

.1 the ~n o51 ’i ~~~S t r a i i’ T  f r . - t;~~t nil.: er t • , th~ progr am be-inn tine ne ;

pro bl eui . If tha n proble m w a .1 :-i t in-n the a i ling d:~~pIcu ’~ w as “~~eca ted .

Sut ’ j e c t x  w e r e  u nawar e S r - I  a ~z i ’t . ’ i i :’  - O i . -l~ w a ;  ai~ e-1 unt~ l t h is  ~‘oint to

contro l  the p os s i b l u i t y tr~ t ;In.-y i.-~~t eel’1 o u  the nil uf tl’uey knew nLt  a

p ar t x c u la r  pr o c  le~ was ai led i a ~u - iv~~:- :  e

If a problem was ~~1 1 u  , the 1~ .1 c ’  ‘~~ a r r r s ’ tl’ua t the subject -~ene ezt-e~ , the

data of that u- nt - l e ’ , a u l  t i e ’  ~~~~ c ’ - iu- ~ -~ ’.- t t- ’ by t i e  i . $  we re  •lis~’~ - -i~~ ) .  ~~ay

maj ors that  t he cu~-~ ec S -~c’i-err te.J were u-ema ~~’1 f ro- i t i e  aid before it u n
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displayed to the  sub j e c t .  The subject ‘,ad been tol l  dux’in•~ the instructions a-id

the pract ice proble ms that this aidi-n~ list was ~enerated by the computer on

the b asis  of othe r people ’s responses an’i that it uzis -to be searche’i for majors

that were 9rezu ter than 2Z to be added to ‘cc :’ list. The majo rs su~igested by the

~s id were numhere’i . Subj ects in’iicaLed which majors were to be added to their

list by t yping the number of the major . They could adopt several Majors by

enterin9 the numbers associated with tl-1e major s , separated by plus signs. Any

majors so adopted were t ransferred from the aiding list to the list of’

responses adopted by the subjec t on the d isplay . This process was repeated

until the subject  entered the number indicating that all the desired transfers

to their list had been made. Ul-,eut all 10 problems had been worked , the session

ended and the subjects completed a short questiouuaice concerning the aid.

A ll hypotheses that the subjec t ‘yenerated were recorded , as were the hypotheses

su~~este d by the aid and adopte’i by the subject .  The basic index of performance

-for aided and unaided responses is the posterior probability associated with

each of these majors , as u s  indicated previously in the exiam ple problem .

Creation of the aid.

The aid is created by generzitin.3 a list of’ possible hypotheses for each datum ,

and s to rin9 these lists in a computer for f uture access. Iii principle , t here

are many ways that these lists can be •3e ul r-’rated. In situations which are

relat ively wel l  und erst ood , such as automotive and electronic troutile shooting ,

author i tat ive sources  of informat ion can be con sulted to gene rate these lists.

A l t e rna t i ve l y ,  historical recor.is can be consulted to provi’l~ this information.
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~ 1 S t  ‘ u _ n ~ ‘: ~ ~
. -~:-e:!I- _- c  —

‘ F. u ‘ r u t ~0u c - id .  [ - c ~ t , - r  ; ‘ , - . -c a

~f ç. -n t : ~~•~t i~i l  ~.- I . i 1  t i c -  ,. F i r~~~~. i t  is c , ’oi ; l e  to U i r ’ c ’ r ’  cC i -  -the ~~-~~~- ~~~~~

q i c Itunt “ u~~~ ’I L. - ;.ec ’ ‘. ~~~~~ L , ?  ai l .f ti h- .-i - - i t h- ’ - :~~. j5 -.-~~~ p- i ” -t  ui t r ’~

u~~e :  w i c r t ~ 7 t r t e Ct .  ¶r~ c n ’ J , ~~~- ~ t r r a - u i :  ‘ -: O f  ~n ,u ’, : u -j r ’l ‘ e u  C~~.r .~~
-

u - t i~~~ u t ’ - , usI .~ ~~~
‘- ‘  P. - ’~~~’ i c - c  ;:i~~. r a I d  of I’at r ’,-c. , i ’ i 5 t - ~~~ . . , - ~ m~~~:’~ (~~ v ’ ct ~~.

hi r i , ‘- S o r  ciIH~.’ t n  - n - - ~ ‘ 0 ’ . 1 c . 0 i 1  - H u -n ’n - c t u;  a t u  list ~hon l hc

u tc ’ i .  T l - e s ~~ ib is Meu -/ a - - - ~~~~~~~~ - i - . - r i  t ic  ‘I n u t  t~~i ’ t C c -  c f  U- is u i - i  ç ; ’ o v — n



to be s u c c e s s f u l  in contain si tuat l i ’ S .  1JnfontuuaLe l- ~ t i ne-ac Lechni.iue~ r-?qu z c e

‘ ier i i ic ml  pos t e - i n r  pio lat  1~ t~ -ns -~~~c n r  n:”~ t~- - l i l f icu ’ t , or i 1 C ,-~~ 1PO l& t n

obt ru lut i u u  s o me s i t c :ut io - % .

T his  ui:t i: is named i.~At :u F’ , a o l  it n:  base’j or the ~o l cwir ,q ide~~.. Each

c o n t r i b in to r  to the 1- ic t s  i - c.  gl en c~ -1 ,t am and is ~~t eul to 3aae r nt e  in h o t  a-f

possib le hy pc t he ~ e s .  ~ .: I of U-a’cun list~. c :  tue c ha rccte r i~ e.1 by the

p r ob ab i l i t y ,  F , U- c u t the con -ant - -/~- oL: ’ - c -;1r. 19 c o n t a i n e d  lii t i e  ~im t . F’ i~

c a l c u l a t e d  ly  SU~~~~i a thur  p-nnte :’~’ proLu b. lii c . -~ for each hypo Y n~-,~ is on the

li ~~t .  Ihis nc-~ the ~~ut - rn ’ c l’u t - .’ U ut thn l~ ct i~1l1 C -‘S cn th~ C u r

r y p a t r a c i  s. T hL ’ v a lue  of ~ l t - c . _  c u - u c  1 .0 to the er :tcn 1 it  the list i ~ not

ex haus t  i’ie , o r  I - jC  ks  role .- -r  I r- , ~ iI :-nv s . c~~c IOUS c,ni. tr  ib- .cto — t o thtd list do

not ~c ’ ~ nt€ - e’ a~ tl\’ ~~‘-~~ ~~~ - ‘--  0 . :  —, t r c ~~;. ~ : a I e - I  l i st s  s . , _ -H I c c- ,H~~n er ie

plaus~ bIe hypotheses !‘ ou] ;uu : i in c l  :1 ~ 1 -
~~~ - u - i  w i l i  I nv :- gc ‘~~ - 0 -  va lue

cif P. This techa~quo C a ,  i& - I i l~~ L’e ~‘ n n e; l L  - I  to ~ iii ii’ idli;l5. ftuc-

d i f f e r e n c e  co  p t e t a e e c  an i -
~n i - - i ] : 1 i ~t uu ’ l  t : e  poc H- I l it  result leg ‘fm . ’ i~

.i ndiv lie :: I is termed in Ia F , ~ . ch ic. U:’ ‘ia~~fl i i  F osultin3 from the

j:’ool a process. Ihe,a - . - I e. - n ’ ~ C- ) :- l i P  - : ~- n ’ ’ ~ y i  oH- : :‘i ni l in L~~c c- U-

i ~ a U I t S

Eu - S u~nh c-j ‘ i c ’ :  ~n~~:rt : ~~~~~ : 
‘ ‘ ‘ .r.t , ~f F’ ~s cn l~ ul - tori f n r  r, ‘ I  of the

c on tr ilc t- or s , th~ av e i’3 ‘ v.: UC nit F’ is in ~st nn . . Sc o~ th~ p e 1  o - man ce of ~
u i n a i n i e d  u ser for a particul ar do Lu .. ~I-~ r3mury tc ~~ ir~ mali-I  of t.?~ tys , Fisher

and ~cf can ha used to -u n e a rough O s t i n it a  of L I .  ~~~ .1 peu’torn a r e  f O u ’

miU j— .j c , tc  p U - i c — r n  h” ~~j ; !  a Carlo tec1nunqu-~s.

F~ t u~ u ! ‘:-~ Y:’ - 5 ~~~ ,~~ L”:-~~!~!’~ il-n !1u tri)fi Li~~ ~u ‘i. it ii del to p value



resu lt inq f r o m  poOl iun ~ thu hy~j ot he nc- . lir ~t’c. or all conLrit ’ut ’a s is an ~~~t i’ i -’t’

i f  tin e m ai im u~ poss i b le  -3- ill tu • u, n” :u ~ of  the n — m ~ levo ] ot e>cpertise as the

u: ont r i tuto r~ . Thi s qa i t )  ni- ’,’ 1,0 1. 0 1 c al ico- l in prcict i.: e if the cs i.bed user •Jn~~,

not e .cpl oi t t ine fLu1 1 pot ~ nSn l of t i e  i i i , but if th r- ai 1 :tnaw -, a small va lue

ot Del t a  P in i~ g i v en si t iu t iou ’ ti Cu ) t i n -  i l l  wi l l  I.e uf l i t t le , or no use iu

‘that S lt t h i t i Of l .

E~tiiiii ti u~ t i e’ ~iamt ’~r of r ) i ’u !. ’~ I - n ~ to U~ n i - c d .  by ve,ryin~ the number of

c o n t r i b u t o c  s , N , f o~ o c -- to its ~ n imum v alue , oii ’b C~u1cUlOt~ ii’~ F’ for each

poss ible value of $, ru a c - i  ~ ~ve1y—a ccele -t ed CIn~~IC in F’ is t raced out. this

a nalys i s ca n be pe rfou - m . ’-i by Mo te Carlo tec hu cques where the hats of tin-

van otis col t F ib. - to uc u ’ - : c i i - c  :4 i~ ol in’ C a , Ic ti -/ an e>~hnustive ancI- /sn s wtc~ro

all po s s i t i e  camb -~n.,Lii- - ’. of ouot u it:.ujt i’s ia’e a—.~sessod.

~~~~ 1 n-J th? ~huu_ n ’ t i  ‘ . 1 :  -r ~ ,‘f 1;- :: u i-I . The’ e :‘ure two thresino~d values that

i~~~ iuC t on the pe r f~ ri~: c~ m i ’  the ~s id. ~~ :d iustno q these values the hypo thesis

t e t  that the ai.i I:rr luces c a n  l:’e yarned at w~1l . First , the cri te ,’iun for

inc luding the b~p u t t e s  ~ 5 u n  the I ist c-on be vnunied . In the present stu’iy this

cr i  te n on wcs  set so that if ~ny c f  tl’u(? 1~ :oc ~ ibutac tc’ t I e  ~i.Iic 1 ists

suqq eoted a major for  the e,i.i it ~c . c incl’n-ir-’i in the lists t h I S  th~ compu ’ or

se i ra lued . Suc h ~ c r1L~ ria , In t o man’/ r jors to the list that i C - , qu i te

un l ike l y ,  but ml ; :  im i  ~ es tine nu~ tc n c f  ce I ( - al- h-,~rot hc- :es inc lude.j 0 ttu~ l~ a t .

We chose thic cc i t c r c c u u l  b4-:rr,lise it is poss ible Lu calculate whi t i-ide’l

per fo rma nce wou ld  h ave bc’~ ii ~f a anr e strin gent criterion hc~i bee n emç’ioyesl ,

and so are aI:’’Le -to e <~ mine St -r~ p - ifor man ce of tI”e oil  w ith  v-~ iou c riteria.



The i nC ’ , s . ~ t ,  1 1 4C 1 0 n  l i n t . - r iot  be ,let_ - u’ ;~~~~~ - , I lo -the ruluc’ to S I u5~~I by tine

C o~ puter whe n  5 e : u .  S i  n ;  it-c t f~~’ ~~~~ OS t. ~re common to cover ci l of

S he l i s ts .  For tt . e t ’ ~~’ l- ut u i -  u u a ! ’ i ,~ t i~~ U -n re is forced , re. only one l i s t  i~~

s e 1r c ine d .  For t r t - tin , n- .. - i : t i -  - ; ‘a I ’ l u-m -~ i-J - ‘~
( i - u i - I  a cmi terio-, ‘that the ma 101’ m . ,nt

.]~~L- C i u l  Oil 11t le~,St t wo of tuiC t i n t- ’ I unt ’ ;  bc-for ’~ it i su-~gested to the

sub u~. t. Ue cIcn n a val u e of twa .u? -n . . o,e  pu ’ev uus - -aa e o ct ’ u (Gettys , Fisher , ni

M,hle , ~9Th ) s u- - i u c s t - , that sub J Pa ‘i- i - u - c- .:’ a t vt :-i-tH?s u’~ from memory when it

s ta~qed for t u c  oct of t ree - l -~ i.

By ~“i t ij O t i c O  ‘ in c- n’ tw o cni t i- -n a ~t is :ble ~t increase true numb~’r of

relevant t ’j pot in~ ses that U- a  - i i  reti’eives hut at i- c a t  of 1ncreasjn’~ the

FuJ MbOu ’ 01 u u u ~ i.CeIy In- ~ ri ,ha~~0’ . LS~, S are r e ’  ‘ i ‘~ie l . E,:ch u t inc the aid is

i~~ lem ert ”1 t’ c-se dec 1s~~uu’, w 1 1  - u v ~ to b & ri~- d - . In at  i - U - , nj - n est  i : ’ ue of

the net must be set to j r- I’i- ,’i.ic. t i e  n1i~~ n - : n  ~ i ’€- f fis’i U - u t  w i ll ti e clue-n t.

tJsin’~ tl-,ese C u ’ it~~u~ia U’ cu ’1 , ,.:la:, Sc- I 32 ~~~~~ for 5 r -  c~e~~~ln problem

‘li~~u : u u i ~ . ~ i ç’ - v u o u s l y .  ( t i c  t ape .i to t O  I.!’? m~~- ; i , ’. n mumber of ni uuc

‘ 1u9- 3es ted Li- i c y  pr ~- 1o .i t i f  •
~ 

- 1.~I n a ~ u S  lU-u t ,uc ~ ri C’ u -’~ 11 ~ l-, t iui 1 :: , 9

were  c~~ l’ U--i on ~~ c- a id  Ii~~’ . U-~ -i ‘ lAd ‘u ’uGt  , u u & ’ .tc ~~~. ‘ ‘ - i IC1(’ L,ut ) .. t Oiy

t ec h -n lo’3y ( 9 .  3~ - ci ‘j S  u- ~ - - .1 ~ u , a u : -  iliu l iu’ S i- , u i  - -~e (11 . ,~~i . r i - u t

i t  uii’i re t n ie v ø  t . - j r c t 5 i -~~,-’ c J u ;  ‘~ I u j  wr ‘
~~
‘.‘/~~~~. H - i  tine c n i t e r i r~n f a r  U-i-

i u i ( L u u ~~fl,ii ()~ a m e n  ,iu , 1 1 4 -  au li~~t~ t ( ’ -Cl u t  le~ ’~t - u  out ol the 13

c o n t r i t . u t o c s  ‘ - t - - a u - i , then t ’ i-~ :i.i ’ :. pc- u  ~~~~~~~ ~c- u 1 in n-i’ L u C . - ,  6 s .~~~, i - u i

t ine i i i  w o u l l  na ve ( iu lv  ‘,u .I- ~~- s ’ o-~1 “ ,,;:u;;r.~~u’ , Ie:,s h u n  2~ r_ Si’ ,eu th~ucc 23 as

u~~s ~ct ~- a l l y t I e c~.se.



1?

l u ; - ’i 
~~~I~’~~:’ _ 1 c ’ ~m n

oul tL , - ’ ~~ u’i tro I

f~u i t i i- -  E’ . ’ . I.I~CiMCu1 t c ’ l-ip iu )~ ej  —.jo ‘ll’ . t i n c t  i’oI ’~ Ic. S~~a : a  i - f  si - h: 1- ~ , Is , we inc h lu-i a

cont ro l  c o n d i t i c n  to ‘U- t c - ct  possible ui i f tuc r - c C e s  ~u ,’~~~~~~’ ,u our no n—ex ~- ’~ - t  on ’ -J

exper t  ~ub ;ec t s  00 ~ t Dt : ic t r o t  k~i- l u - iC m V ’ iuu t  to the c- <p e c t  s pec ue~ ty.  11 a

task c ho s en W a s thc - ‘~~ni~ n i’  t~~;k w S i c c ’ we f a it ta r - pa l  i lo is  o f  :.s~~r r  ~nowIe ’ e

wh i ch  both grou p s o r e u l  ‘I hiuv~~. Th us di l ieu ‘- ‘c r  a iu~ :0 ‘ rn cu ~irc m- U- c tu l l  Sc- dtu& to

hypothesi s ~e r u e ra t io n  U- 11:-i .

thu nunbe;’ of c u l l :, 1  u’ :‘:ç..o ’  ne - n t r o t  w ero c ...,:’ is t an  w i t h  the .lat~ W a r  C

tibui :te’l for c- th ~rouips . thu n e - -n , l~~~ ,2 r Of 1 ic 5 ’ u  D~. u 1iu I~ ‘iaspC ,i:o~~S for  the

non—e xpe r t s  w a s 5.16 , ut i le t i e  ~~
,
~~u C i ’ t n  c e e  a ~ :. e C~f o i l y  ~~~. 9 crc - ic-c S

r es ponses  ( F  ~- . 9 O ;  df ~~ .3~~; p .05) .

it n ‘nh t be tempti iu~ 1. 1 e ’ ~
,’1 ‘ 1  “u L i’oe i’O ’a uu I La u~~ici -~ ~~~~ of tine COmmon

prej ud ice s  cocunrc ted U I ~r oilier t- . , but ~e bel ~~~ ~. at cu uo&huar o~ ui ..ur I iC ’ is

more I i~ :-I’j . U~? u u O I,~~c O- i  I: ut ttue ::I;-.?it’ S nt ’ t. ~t’”1e taoa,U- ti-ese “~ ,‘.i~ Ol

t:.ro b i e ms  i ’ S  o o m e t i m e s  one of cc - - l i  f f a - , a n c u  . i t -a  e :pc’c - u i?CC IQI . it J l t e u~ w it h  the

idea t Si - t t’ ei r e : 2 e u ’t l ae w c u u A ’  co’,iti’i u i - u t . ?  - the c - ’~~l i u r t ~~u u t  of t i -~ a id . Ue dpi

s-to t ,~c-r.t , -ni ~n our n— c ‘111 t ;~2i, t. ii a-u ’i,t . t u e  J~z i- iothe ’ ~c “ ua~ of n~ - e ç-~ I

;uc-
~~~r.t’ :  woui’j ~~~ u t i - u  ‘nI tl,.a ‘ ;~~u ? rii~ 

- a t , iul t ino I: ; p.~~ c- Qf 1 5 4 -  crucia l

pr ob1~ m ’ , nor di d we vo lti,-, t(-ei t I n  a info r  i-.t t O~ i - i u-u l u - n ,:u a~ a- I . icr t i’~’c-

re~ison ’a , sc - e~- of  I i - ’  O i ’ s t ~ pCinOi -L’l’/ u. .- ’~~., rd’-’ .l f - n C  
~

, el~~c-e5 un Ic

I ri -
~ 1 a .  lIe nor —e ; p e -  ,t .U-Cc t ~cer e no .. t ly n- I - ionce d p s y c h : )  r jq - -  mc i ns w in -n

i: erha~’ -n uc~~’P I’ u ’de~~ - i to the ~ u ’cu t i - . - -~ of Q~~ ”’ u in’ u i L i  psycr ,oloqi , ts  . Uhi le



t hus  c omplu rl si on is pec t c -V .  f i  - u W - - . Ic tr ue above u’ & ’ fs ou:a , the  resul is

t h a t  t h u  e~ pert S u ~’ ICC I; .~ u u,- - ,  u . - ~, . - Ii u~~a t~ a I o n  ~c~n c f o u -t 5  I 0 qrc re ral

I-.y po t h~ n.i s -~e n e r u u t i o n  l L i 1 c t , , , e n t u i t  c i i ’ I C u iill c u i l  ‘~he Iruterpretuit lua : of

other resu lts.

Uniui,lr ui uau?r u - ~~ c : ? .

For problems w i - c rc  the -a - : :c ~u ’ t 1 o u ~ of  tIu~ ‘no~a - ~~ui~ re la :.‘ u u l , uS a? Ml”~iut €x i ’ Oc t

that the e x p e r t s  w oo l  d c ho w sLu~: r  i n n  f u lau füiri  a .  u e to 1:1,1—c- . ;:ents , i - i  in fac t

tht~ W a s  t h e  c i S u ,? .  LJc~ sunned the pu u,j’ c -n  Iu’t ies of all t IC “filu i o ns ” h/ç ’at he C- :

~enerated by the subjects w~ t ocu~ tj u~ A i l  Uu i ut ~ e ,  cc - ‘~ ~.nto , thnn .‘~~ for bo th

qroups usi n9 tin e tec t u h i- ;i -, ’i I l’ Ia t u ’’~ t c - d  ~- r c - V A  a ’ ’  d y  . Tint? hu ’ u !  nc - c - 1-a r iioncua of t;’ e

no n— e x p e c t s , e c - : p r e s c -- .I ‘C S  Ii i - e u - .: - u ’ S ~u - ’ - . Li’a ’n ~~~~~ -a~u i I C  t! c’ ‘- ? u for the

Px pe r ts  wa s 50.6Z. ~re  in - au ( - u u C ’ ~ in Ic . .c 1r~~~ , , CL’ ~rc . . u Z , u i ’~~ ~i u i 5 .j i f t” uc n u: i is

s t c t ~ s uc ~~~1y e l u a b le  ( F - 4 . ’,; i f - r i , :~ ; p( .05) .  Tl- u i ~ di l k- - ua n :e , wlu i l t’  iii Cuc-

u’ x l u e c t & - i  d i r e c t i o n , is - ‘ uu~~: -u n S l ’u . n i / l u - n j . U- ‘ana,a . ‘ .1 ,, h u u - -i-- ’ u ’ -j~~r f ’ au - ’a ruce.

linu s 5i~ u 1 l  d if f u e r c e  S - y t w ’ . - ’- ’ui ~- - ‘au 15 ,~ ui’j ‘ u ’ C .  ‘ e n s  ‘O i l ” - -’, auno’? i,i -.,- r ’n5 ’ -~

q u e s t n o a o  about the m u l e  c - ’~~ : t i c - a ~~u / . . ii: t u u - ~ ‘ -~~-cu S ho~ is -~c’r ,-! r i- t n”c u ’u ,‘ . r o r i -~~~ .

Our e a r l i e r  re p o u ’ t s  cl ’  l u — f l :  •~ - - - o n  i u u  ,n’ 1’ , n t h t? , 1S -~ c - r - - i S , c u u  usi:’~ l u ,u a e; ‘ ‘~
- t

su b  ~.-c tc  r u ve t ’ c - ’ ? uu ,
~ u u n n t i o ’ eui ‘1 P tO c ulu ’ S l u t .  Ca t ’s l a i n  of i-. t c - r t : a e .  ( J u u

result s for th e c - - p e r t  ~c - l no - o n - r e n t  ~u5- : ’ : - - : t ’~ -
~ u , u - ~ -i - : ’s t  th-:u t s ’ u i ’ ’ec

‘i -c r’ A S  u :O ’~~~~ pc-t en’S V c , r  i C~” iO  i lu I 7p0 I hc,s~ ‘; iu~~’ ’ rn Si - S C , on-I U-i c ,

5 1 O f l e ç ’~~ u t S u m  c ’ -  U-i a r e  ,ii ’t i ~~ f -,u : S a c - ,’ S u i u ’ i r u q 0 t ~~n ~~Ou ’ - -~‘- - . “ S  sub je r t s .  It i a

snot fo I iou f r o~i tf ,~- , u — ~~~~~p , u1t ~ LI t ~ pu -u L s I c ’ - -- ‘ l v  i - ‘e1e’~’~~u n S in

I u , p O t i n t - S i S  n u - r a t i o r u . It ~~
‘ -y I . ’  l t ’ i-t  ‘~~‘ - ‘ _ - C t i ’ c ii i - l a  ~ t uc ’ i uc’ ’ : t ri ut U- r  i-I’ t Iuc-

L as fr ni - so t al- : ’u bu ’ - rau , ) 1  wi t h ‘ l u L l , t ’ -~~U- u’ ,’u ” ” uudu ’C  of ti’ ’. - t - . - ’nl’ f or t : u i- t u u n ”  
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iu.lv S n t : u i l l  of e x ç ue r ’. iS&  to ;..? u : ( ‘ ‘  u 1 0 1 ’ r i :  c- t .  cud  ~uIi~ CV 1u’ u u t , t - - 2 n 4 -  ‘~~ Cu . i t t ’. b

:Lndica ~ C d l u  it  Li’i~ un. :’;’- i 1 S i u ’~ n~~f c c i , u u . c : . aa I . IjpOi i u ’:’~ic~ ‘l.u u i l a u :,t i fJ!i  
~~~ 

f ’j :u, n ince

w h i c h  w~ tu iu c- r~ o n - r v ~ d p r eV i -~~~ ’ i t ’~’ , Au 1’i l”r1 ’ i A , , 0 ’ ” ur~Cc. , c- ’O’ r ot ‘i’iC hO I ’O CV  of

sub 1 ~
- t ~ at tt- ~in’:~~-u :- ,’ ~u

~ u’ln~~ps tine nost ‘u , I ‘~ u 5 , l c , u caa .:.c t c - f  t r c , ‘,L . u l ’ n :- ’l n?u - : - , c n-1;c;re of : , r ut I - u al ’ C I i S

n i  ,~c b  c c - c  ca is i t ~ 1’l I . - I 1 C iu~ .i 1u ’ f r ’  pr.: c’ ti c - l  -1r~~~i .  i o n  miukon . 1•.U-~~~-~~-

i~~1tt u uc- u’U- Cu ’!, 21 ~~~ ‘ “~~~~i CA l: ?fl i Ca~d i
~~~u; (‘j r  U - u l~~u~~~ t i .i j  n

‘,‘, - ,‘ a t i 5 ( ? ’ ,  ‘u. u l . in ~~~~~ I,~~ ’~l’ . Ulu ile ice ~c uno ’ nc11 t l ,u c - f  t iu i~~ e ’fect f - :s uiOt bee:

co n~- l e t e ’~y estabI is~ eui , th i .  is  u ru~~-~ ‘for al ,’uro .. H “ pa ’ c .: e u t c - ’~a ’ - i:.’:o: tod

prec  iou-d y ~~‘P iiot : c ~i’ n~~c- uuu - y Sco re  -
. 
, they r e t  lect the p101:- :. ‘ A  i I i - ’/  that tI- ’

sub s e c t  ‘s I t  ct wo Ii O A t S ”  t h u  ~‘(UC t ,V t uOt hCSiS  . I A Id th’~ u” ~~C Ic 1 1 ~u su~’je ct

~ c a e r e  - nt o’t~~ O. -~Z ‘ n u n s  r’ ’- c u - c  t i n t  01 II’ ,.: C u ’) ~ ‘ c - t . ?  n ina t rue hypothe sis

w il 1 not t a  a or: i de ru ne O lu c - i n c - .: 1 50,. 5 i  th ‘ SdC uS 0 ’ S  Ai i u - au !  t u e  s iub jac t  ‘~e u1 e u’i Les

hy pot r -e c ’ c .  U’,? ~~~dc - u’ - c h a t en ‘ i o c i s n a ’ .A cu c - - ’ f c A r  ~ n. . als c r’? u j ~~5 a c- i l l -  to

t o l.,- r a t c  such  ~u hus h e: -or r ,t - ’:- ”

i l , ’ c - c -  ~,c- u;- _ ‘r~ie u’, , I  p u a d n i a l e  uc n p l ~ i u ’u ’uLiunu i ’ o  iou’ ina’lt’- nu, - Ir’ :‘,‘ - n b he s _ ;  lC’u ’u 1’ u - u t iol.

One i s  tt t A u t ?  “ m a j O r S ’ tc , Si u c c  A ) u _ u c - l1b~~/ -J~ fficul l . t r -~~
- e is c- in e l i n_ - u . ~ f

r u j  t in in ru n Zu r - ~uICo- n t ; ii ‘10-I c a d i , .  k i n ’S I t’~’ c S  5 , u  f a r t  ~~,: Ic comp i Ca . ‘c - u’ i ii~

a iri lt - i i-i vi’ i u i-s I c eu be ‘c u . : : .~ of tb’ e l : - ,’i. of Col ic ‘ cc -  on - i  rn :-’ , 5Mu2,’n t a l

r e q u ir en €’ unt o , u’ ‘c :- u-’ieu ’ - .I rt ion~~, ‘,un’i : t c u l u .’ u u t  ‘~ u C f o u ’e u) CeS.  U- ~u l  ~~~~~~ u, u - .i,.- .-~ - r

t IuOt t t u i S  A S  au c t a r n : t e r n  1 u  o f  M i ’  ‘c - n - c l - w o r ld s i t u , -~~ion: , t i u ’ u ~ ‘uui - :‘t

.c u m ; l - ’ Lc- I’/ uiuuuiu:’ u S t ’ ~~ -~~. In nu ’ ’- i ic~,i d t u i u i lu S~~~5 , fcc - ’ ec:~ umpl’” , it r-In s _ i - c n i - l u  a

l’. now ~ e - e  is cot i ;.’el r~~b~~m— tt ’ t l u c - ’t il at u , (C ,n i . 6’ u ’ t S  1’ , ,,0u1c r~u , ~ . Bot ,u - Q ’ u 1’~~ are

uie~u I in’~ w i t h  ~ j n~’c - m~ . i c ’ t l~ uu u d — :  n I o u , n p , 1V nO) ’ ”u ’n- ’ , j ’_ .  i,j H’u ’ i , u j i , . d  0 C c -  ‘ . c u S  ‘ Of

‘ic- ’ hssq w i t h  1 ( uc I t l I u I’ p~ ol .’ k’r ‘ ; . ,~, u ’ c- c t n u , - J ~’u - ’l lS, ’OC&a u l t u i  iS P’ 1St .  T I ’ u i- .(C rout ine



prob1em- ~ ~- c -  u’- ’u I j _ u ]  ‘,‘ i - In?  c . u~:- - 
‘
~~lT I Cl  ‘1V~ a ~ I ii S “I -a _ i  r u ’ ,:~u:r tys i  is

u s c - a l l - c  • -mrp in ’ j ed  wld A ~~‘ - u ’ c-Cu’l: i~~ L . , ~ . ’I A Sf t .1u- - ‘ ‘- ‘ - u u . - - cI 55  n r ’ ’- c - i f :’c t , -~:-l ‘i~

ii th ,, n~’ ‘,u u ’, ~~u 1 n ’ j c-~~ S ‘ u ;ut ‘ ‘ 1 -  ~~
“. C. “u(~~’t ~ i - - u  ~ii i  i~~f A C  i c - i n C A :, 2 5

-3 e 11e I O u t . r L u ’ t ine :  i i ’ ; l~ ! u ~ ~,- n  ‘ r -
, C C’A ’ . aA Id~ ~1 n-: I. ‘ ‘ I’ St ’  I C  1 c-SI ;u’ - f i  f-li 5 , 1  1.

rnu lc l r cs , ~~~~~~~ ‘ .n r’ : . c-~ pr . :. . - ‘-~~ . u~r~~uJ’ . I:e,u~ - 1 t l ,u ’ Cl- (- ?u ) (c -c- ” . - Ic- ’ O u t ”

sub~pec t S .

An r l t c - u’ c - : ’ t i v p  ‘~‘;‘:p l~~ u u c ’ i - tLu t ’c ;~ d’i’ f f ~ c n u h t , - i- ’/ d I d L ’,nC li y ‘ur c ac -a r, U f’n ’r ~u

per c e n t c - 4 e  of t i n t ’  SL ut .- ~:-C ’. , j 1 . A t c i . ’ u  L A - a  i i  l u -n o  St n i - n-  ‘ .? ‘(u(C ”Cu ’ i j S . I n  : ‘
e x O M : r u c r ’ - c  I n  p i u : - d r s c  

~
- -

~ 
whicln c- u ‘ : ut t u aac- ’n c u c-? c .t i ’ .’ ’,r’ ,l ~~~~ ~~~ i u ”’.’~ 6et t -~’r ,

Fi ohem’ , iuut’ i  ii -~ ( I  ?,“l I I 5 .u H . A t rCu t . r’ s’ t c’n :~ u I “c- u: u .n0u ~ r:rd? ‘ .upri a . d u l y

I n t . t f o c i a r , t .  Ti ’ .~~ ‘es-fl ’ c::-5-~’a t i n ’  t inc- : - ‘ n - ’ -, a n — d r a i n  ~- rec” :- ’ Lu ’.~’ W t , ; a ! u

sub j ec t s  r d f ~u’’tC ’ Cu: -i ; , , . t a - c - n  x s ~~~; M. CC/ li ’,’ u : : o S l u u - r o:. U n C u t ul ’O’ 1,0 M~d i1S” ’/ , L u i t

r:~~ t ,ot he 0 C C P S C ’ c~ I a  .u tin .’ ~ - t , u .  If tI’u l S  is t; ‘, r r ,~~:- , t r us s ~:- : c  of tine

‘iCf iC il_- c - I c - S  ilu lyç’O~~C ~~~~ l’a Ci ,’ , t’u t 1~’5,i c i ’(j- u ’Iuj ’ to f c , i I u . :-a to  n’et i~av o

:I ru l o r n , , t i O S  Ctu ,u i- t h~ - i . - : i ; i a n  ii ‘a -  - 
a ’ . , ‘:C ’ ,~’ ~c.  l h s ~ ‘cc - c cL-nc  s , -if 1:,u A , ’

u-’ ’;u C t l ’1 t i n t -  ~I t A m . , 1. .s ,u ’,-. i tI ’  m i - I  t In -  , n n -~ i-u. f ’ c - n ’n ’ ’~,nc- ct tuj  1- - t , ~u~ t ’ b w ’ ?  w o ’ ; I - ’l

. - ‘r ; - u ’ IiC t  ~ ‘~~u ’ th iS  flrj t lrj t5  ‘ic - i . , ’. t l u ~ cu~ d -: l’ o u l - l  ~~u cu ’-,c - -  e A ’- - S o - - c -  i i i  ~- ‘I’O~~ - ’ i u u A  . 51-

~ iitu ‘i ’~~~~S r u - i’ u

‘ lu ’ ’ n 
~u I u’

),,I u u 5 Cu ? ~ l uL , 
- ~c t .  U i  c- :1 .o ,’i a i t . La-m ’ .n ~~~ zl~ o czsl - :A 1 1 - -f ~~~ - i  the a ,

, r r ~c e - i u ~n t ’ ~, d ’ ’~~c u  uI- u - I c, u p v i c _ u ,u n j ’ c ,  c ”~ t’ c- l~L Lu , , t  t o , - A t —  J I , OL’ I ’ms tln.~ f i o - ~ 1 1,

h ,u~ t ’~e Suit ’ j e s t  “~ i t ? - - t te ’ i i f  L O u  ‘ u s i n i  t i c -  aid w S v c o u ’ - ” - ,i. fluaau n u i - i c - I r-

-~ r f c  Mi c e  -~ ,u.  6j . ‘Z u - I  uicu - o - : j . — ’ t  r u - C t ’ s u , ’,C w 52)1 . Ih’~ iL  A f t ’ u  .~- ,‘ -,,i-’



bet~ e e n  -n c - L - ’ -a  IC( S : ‘ . “ c- i  t nn:ic- ( r -~~~. 1;  u1~~-~ 1 ,~ ’3 ;  p. - .: , I’’. u ’, Int l  a n t s

- ide ’ 5 n l c -~~f 1 5 c t i ’ i  1 .7  (C uc- c - A - i . H - c -  ~‘c. ” t ’ ,  ~t’ :’-c- ;~- . Z u :  C ,  n ‘. ‘u ? u~ ’~~, u t  , t

I-j u u l t? .’ i , - , u O , u ’ — u ’ ” u ’u. ’- - 1  
‘ -~‘. ,- ,c a- I -Sn t 5t ’J ’ -a ’- ’ ’ u’i Of ~~t . ’ .,. r o a r  t IuC~ r’ c u~,. u .IaI

~‘ e i ’ 1 c c ~~ t n L u .  T n t ’  d t f ’ f a u ’-~c cu :e ~ a ,  O IC. u C ’ ~~
’ ,’, .’ ,nt  1 s: i.-i ’n”’~ ICC ~- - s

F = 4  . 6; u j f  ~ ,?Ei p . 0 5) .  H ‘ — “a a A d , )  .a h’~ c- ‘at i u ”C I ‘ I c -. t’c t i c -  ~~~ -

c - f  d~~t~u .  P e r ~~r ’ , ‘~~uu 5 C ii 011 0 - ”- - 1.c- i - s n’, prct: n euis s irs . , w h t l e  pC ’  A Cu c1 , n , n ~~~. C.
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lable I

A C oMpan i - S io ru  Betuc-en Unaided ~ n-i A i l ed  Huuiac - 1-s r f o , ’-n~ rc c-
~nd Tiu c- A id  By Itself

HuMan Aid  onl y us1Ii ’3 u~ c i ’- u t e i~ion of:

Unaide- b A i d e d  I per 18 2 per IS 2 pEu~ 18

Perce nt  50 .6Z 6 7 . SZ  ? a . O ~ ,~i . ; Z  ~~.9Z

it t~yp >2Z 3 .04 4 .7 1  6. 12 ~;./5

4$ Hyp<27. 3.75 7.53 15 . 12 7 .~-’~ 5.00
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L~hen tine sub j ec t s  - 
~u i d~~i ttn L il-i , th~? ‘ 0 1 ’ i’ c-”r f o  - t1-SO Ce ih-S l_ ,.~55

~c - c - ns tht, t t t - c -  -~ f:- i,rcI ’n ,‘-‘ru ’u - c t ’ / i i - ?  ‘c - I  . n ,’fi i-i ~~~~~~~ t ic- i t  ti c- not

re t r i eved  by the i l-i, s i n i  ct ‘us powe ’’i c- I teo L -:,uic- ’un’t ‘to tt,n- t- I

pcA o l uf l ’ 3  a r o c e s s .

‘f ine t u i l  uul~ o per forn~~J in’: I t—i ’- than the uno~ded subject r t-i tIc - ~idc-d ~i-ui -j ect

1-ut ~t the cos t  o~ t ’ i ’i i n q  Hit -e ly  u ’,’pO’Sii ’ses to tI- c’ i ic t  of  ~- : u i - - n ’ , -  ~ti-~t :-- -’~- t

as ~e nt i one- i prev ious ly ,  tin-u’ ct-ia .:- an - a aC ’ 1  U’1 the ~c-~d can b’:~ :ud uc ’ n- t e ’ I  Is i- c--ic-ce

the number of ‘ i tu ’, se al am ” . Tines? cc - i r ’.lrtcons a:r9 p~~’focuic -- 1 for ~ 
‘ ‘ a~ d as

the sole in-,pnn Li - u-s n- i 5 ‘:;c- ’ u c - :”in ’ t ,C ’  v::,: I 005 ac id ci it’c ,’ia . Uc-’ ~i~Olçu l ~t e- I tt-,o

cr i t e r io n  used to n ’ n c l u ,dc -  , - s : u ;o , -- Ci ii t ic’ :? lists nit ‘I’ut- ai-i cc ~r~- c.u te  ec - c ory,

ij si~~ ~ c nj t e ’ ,-- ion o f c~i’Line ,’ ’c - t  tu :-i’t ’ t 1 , 2, or 3 c~~~tr i tuIaum c-ut ~-i ‘t I- c 18

co nt i - b c - t o r t  as tin e ru le for’ c c i’j ’ r i ou  cu ,, t l’~ -n i -S In at:. The results ‘:f Inc- in

C alculiu t c-r s, A n-i tI’,e n c - i t-c- n Ct  i n , ’ t ”O LIn? e; ‘LI u t  1. ‘iii- ” aid “ tidO( I (,‘u] ’ t . ‘ t .  Wc -c -~~

qreater  , or less thin 21  a re St Ot-Fut 10 t a b l e  I wi ’ Lt~ the c - c - cc - I ’ S  - c-f n - i c -  I

1 1 0 0 A i d O C  r uf-iuun ~‘~n’- f’ orcr unce .

‘ it u u  ,Ai ’ :i t ts,t-l’~ I about I’uc- rg I

As c a he SOt - i ,  f l— o n t, ,) 1 u’ucp u5u: L io n  ;r ta I le  1 t he uui ’i -c - i  ~nic ‘41 t in t c c - i  ‘‘: 100 of

2 out un 18 s u b  p p c t~ is c I . rr l-~ so’~’erio’ - to -the uutiui’i~ ’l subjec I. it is a lso

Most inte’e’,t in~i that it :-erfo ’MS as well a; a Cu Z ’j c-.i t u r u , .’ u , ‘ u ’ , i u i c - v ’, 5-3 ZL-o tu t  the

‘saM e p c e r ut a ’3e pe r fornance i-LA th rOuI’3hly equivalent f’ -:- 1-se alau re’i~.

‘rhe C. uf lO l i - u c- lO uS l’s i l lS ’ S  ‘~ ‘- c u L u le .  In U i~ “ ituat ior , rut lo :act , the aui I could

co M p l e t e l -/ ‘ c - 4 t c e  the I.ic,i~u c- - i c - a icu ’ i n M uI’ ,Or with oct loss nn ç’er’focria ’ce. Uc- do

u- at sen noucl y Ou iv :,c:u t~ ’ i_ UCI~i 00 e - ’ : t u- ’s-eu r c - C)r ~ MCf ldAu t 1uu)  ait th i-s  t ine for  -

of user A , cc ea u t a u nc e , bt nt t l u tti! i c - ’ : c - i  Is uc-; ’ i --~ t ti it  tin? :i’. u t:- ,1 ects wa&ul’J hove
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c on tnib:u U— -i ~ Z i T I ~~ “ ‘-S i- - c -  i- o - ~~ - - a ,
~~~o d ’  ‘it I ce  - u 1 ’ ~ a l  ‘I, ’- t tS’ - lc-: i -- eu— i c -~~- ”~i 5 , a . .

:n~ ..”,u- i- ’, ‘

f ine Pu~’~ -~ ~t- c- L I S  ‘? ‘?uS~~u u I ,iC~ i ~u~~’l - .i ’- ’~~ Oi ’ ,G’,40  to ‘ c - a c - n r c -  the hypo’Ihesn -I - ac- - - ‘ u ton

perf omn ce ol’ both t,- T-Ci - t  and uuc’n—-ei:per’t subj ec ts  to a yiøt~ - :er t I  -u’

these resu l ts  a lso  dc - Mon a tu ,’Se ‘L” ,c- p o I e n - ’iial of c - & : u t i  ui ’3 a r  ac -ti A i r ’  I ,,i ‘: -c- ’lc ,L u te r

~e~ory based  on hn -~~n - ,~ io-lqi~ent , u~j u i i : h i~l i- ,,iS 51’t IJAut lOni rat Lu ’ : ,, r an  ‘C~ u 1~ ‘!P

by i tsel f , bet te ’ per fo r ne u uAc ~ ti n-ui A u n u-ula~ --Je-i hui~~n hypothes is - iener - Icc’.
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