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A memory retrvieval zid to enhance hypothesis generation performance

The structuring of a decision problen 1s & vital precursor to the actual
decision, since model specifications are used in all furtner analyses of the
decision problem. If the decision maker fails to consider relevant hypotheses
or acts in the decision model thew the entire decision process can Qo0 awry

because the nodel enployed is incomplete or faulty.

Recently we have becaome couvinced that the process of hypothesis 4geweration,
one of the vital constituents of problem structuring, 1s quite inefficient in
non-routine tasks involving many possible hypotheses. For example, Gettys,
- Fisher and Mehle (note 1) found that hypothesis generation performance 1s quite
imspoverished; anly about 30% of their subiscls were able to generate two of the
three vrelevant hypotheses 1in @ hypothesis generation task. Curiously, while
subjects were unable to retrieve complete hypothesis sets from memory, their
assessment of the completensss of these sets was quite optimistic (Gettys,
Mehle, and Fisher, submitted). Evidently the subjecis telieved that the
hypothesis sets are more complete than they actually ace because hypotheses
that have not been generated are relatively unavallable 1n memory (Tversky and
Kahneman, 1974). The inabality to generate all rvelevant hypothesies coupled
with the belief thal more of the relevant hypotheses have heea generated than
is actually the case wnmakes the subjects particulavly vulnerable., Unaware of

their deficiencies, they ave, in effect, “fat and happy",

Since subjects fail to retrieve enouih relevant hypotheses from memory, and ave




often unavare of their failure, it would be profitable to develop am aid for
hypothesis generation. The hypothesis Jeneration aid we propose is identical in
logical structure to the hypotheses retrieval model developed by Gettys, Fisher
and Melle (1978) to describe the retrieval of hypotheses from human mewmory.
Houwever, it differs in that its associative memory is enhunced because it
conbines, 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 beczuse the aid, in effect, searches the memory
ot aauy-individuals, counteracting the inefficiencies in the menory of the
individual user. The supplemental hypotheses provided by the aid should provide

a larger, improved .. othesis set.

This aid is best suited for repetitive decision situations, or other situations
where it is deened worthwhile to 30 to the effort of constucting an artificial
menory in advance. Some decision situations occur frequently such as automotive
and electronic trouble shooting, ov medical diagnosis; other situations wmay
never have occurred, but are objects of much advance planning, and thought.
These latter situations, such as planning for & passible smelt-douwn of a auclear
reactor, have possible repercussions that are so profound that advance planning
is conducted. In either of these types of situations the effort of comstructing
an artificial wemory to aid hypothesis genevaltion may be warranted. Uhile the
gain fron each decision in a repetitive decision situation may be relatively
snall, there are nany of these decisions that could be aided. In the case of
the latter type of decision whose repercussions may ke profound, the effort to
construct an aid to hypothesis generation may be worthwhile, even if it is

never used.




The @id is implemented by constructing an enhanced artificial semory in
advance. While there are other techiiques for constructing the artificial
menory than the pooling process mentioned heve, theiv discussion i1s deferved to
a later point in the paper. The pooling process involves asking a wnumber of
individueals to search theiv memories for hypothieses that are zssociated with a
datum. From these varied ussociations, a list that is rich in hypotheses 1is
constructed by pooling the hypotheses of the contributors to the list. This
process is repeated for each datum that is emticipated in the envivoument. The
result is an enhanced ascociative memory where the lists for each datum consist

of the associations between that datun and @ number of hypotheses.

Once the artificial memory 15 stored in the computer it is ready for use. ATter
Cthe arvival of x dalum, or @ collection of data, a search is wnade of the 1licst
of possibtle hypolheses for each wew datum, and hypotheses thatl appear on many
of the lists are woted and added to & list of coapuler-generated potential
hypotheses. Then this list of hypothezes is compared to the list of hypotheses
that the user has geaerated. Hypotheses that the computer retrieved from its
tnenory that were not retrieved by the user ave displayed to the user. Finally,

these additional hypotheses are assesced for plausibility by the user and addad

to the curvent hypothesic cet if the user Tinds them plausible.

This aid is similad in logical structure to early medical diajnosis aids. These
wids wuvere wunsuccessful because they enmployed determinictic 1afevence in a
probabilistic task., However, such aw aid is viable when the task is aiding
memory retrieval, as no attempl is made by the aid to engage in probabilistic

inference. Since hypotheses are vetrieved Tor subsequent evaluation by the




user, the difficulties that weve eacountered in medical diagnosis are avoided.

The prisary empirical gquestion to be addressed in this study is the assescnrent
of the actual gain iw hypothesis generation performance that the aid provides
when hypotheses sujgested by the aid are assessed by the user. One variable
that should have an effect on the improvenent produced by the aid is the
expertise of the wuser. Non-expert wusers should show the biggest gain in
perfornance, and expert users should show more modest gainc. This manipulation
also addresses the question of whether non-expert subjects can serve as

“surrogates" for scarce expert subjects.

A second wvarizble of interest 1is the number of data in the hypoiliesis
deneration tasks. The aid does wot contain @ unique list of hypotheses for
.every possible combination of data that could occur. If, for example, there
were 100 data that were possible, then the numier of lists that would bte
neccessary mwould bte two to the hundredth power. Iastend, only 100 lists of
hiypotheses weuld be created. Hypotheses that are appropiate for multiple data
are found by searching for hypothzses that ave comaon the lists for the data of
that problen. The advavtage of this latter procedure is a tremendous reduction
in the effort to construct the avtificial memory of the aid, but the rule for
finding hypotheses suggestied by multiple data may be ivefficient. Consequently,

we decided to study the aid on the single, and in & multiple-data case.

Accordingly, the desian cof the @i1d study incorporates a betuween-subjects

variable of expertise of the user, and within-subjects variables of wusber of




data, and whether or not = particular biypothesis qeneration prablem 1s aided.
An additional non-aided control condition is incorporated in the design to
assess irrelevant differences between the non-expert and the expert groups.
This condition employs a hypothesis generation task in a domain where experts
and nonexperts have comparable msounts of background and knouledge in order to
assess differences in performance of the two groups due toc nulsance varizbles

unrelated to expertise, such as 1ntelligevnce and motivation.

Method

Methiod and procedure for the aiding experiment.

ﬂygg&bgg;é Jeveration tasks. The hypothesis generation tasks chosen for the
aid experiment are the "Majors" task and the “Aniaals" task (beltys, Fisher,
and Kehle, 1978). In the Majors task the subject is giveu several courses that
an University of Oklahona (OU) student has taken, and 1s azked to jenerate a
list of plausible majors for thic student. The Animals tzask 1s similar except

that the subject is asked to qenerate a list of plausible animals from several

animal characteristics.

The Majors task was chosen because we have access to the veridical posterior
probabilities of various majors 3iven the classes that a OU student hus taken.
The- presence of +the veridical probabilites makes the evaluation of the aid
possible as they provide the information necessary to creste objective indices
of performance. The veridical probabilities were not used in the construction,
or the operation of the aid. The veridical probabilities are population values;

166,858 enrollment records at the University of Oklahomz covering a four-year




period were tabulated to obtain these values,

Froblems 1in the Hazjors task had either 1 or 3 data, and were alded on 50% of
the trials. The Animals task where possibile animal hypotheses were Aganerated

from animal characteristics served as a coatrol task, znd was not aided.

An exunple of a Majors problem 1s now desciiked. This 1c @ ithree data probles;
the three data are: 1) Chemistry 1314-General Chemistey, 2) Chemistry
3053-0rganic Chemistry, and 3) Hathematics 1513-College Algelwa. The list of
hiypotheses generated by a vandomly chosen expert subject included the following
majors: Chesistry, Engineering, rharmacy, and Fhysics. There were in fact 1.
majors which had nown-negli3ible probabilities Tor this probles. These oz jors
and  thele wveiridical percentages ave: Business (4.1%), Chemistry (6.2%),
Education (2.1%), Engineering (4.1Z), Laboratory Technology (9.3%), Liberal
Studies (2.1X), Medical techwoloay (4.1%), Microbialogy (6.2%), Pharmacy
(21.6%), Psychology (9.2%), University College (11.3%) and Zooloay (10.3%).
University Colleqe 1s an “undeclared" wmagor for beginaing stwdents. The
remaining mojors all had perceatagqes of less than 2%. The sum of the
percentages of majors with percentages gqreater than 2% i1s 90.4%. If a subject
achieved such a sum, 1t would have Leen optimal performance in this task as the
subjects were 1nstructed Lo respond with all hypotheses greater than 27, As
caen be calculated from the perceatajes of the hypotheses that the subject
generated, the subject’s perforaance was J31.94, and the subject failed to
qenerate several mportant hypotheses such as  Laboratory Technoloay,

Microbiology, Psycholoay, University Caollege, and Zooloay. This pevformance is
typical of the average subgect foir this problem. The nuaber 31.9% has a dirvect

theoretical interpretation; it is the probability that the subject’s list of




majors, or hypothesis set, cownlains tue corrzct hypothesis. Thus, for tnis
problem, this subject would have failed to coasider the correct hypothesis with

@ probability of 48.1%.

An example of an aninal problem was lo name animals that have aatlers. The
vesponses of the same subject to this problem were: deer, moose, antelope, and
reindeer. The reader is Iavited to genervate additiownal hypotheses for  Lhis

problem.

Apperatus.  The  experiment was contvolled by @ Compucolor computer which had

color gqraphics capability, and was programmed 1n extendad Rasic.
qrap F ’ J

Sule jecths . he subjects 1a  this sperinent were drawn froa ivwo popula ns.
Sulx jects Tr b je ¢ experinent ¥ froa two population
Non-expert subjects were Universily of Oklahoma studeotls who were required to

have at least 60 hours of cours

m

work at the Universiiy and typing skills,
These <students were recruited from classes and newspaper advertisements, and

were paid $5.00 for their pacticipation. There weve 14 subijects in this group.

The expert subgjects weve University of Oklahomna Curriculum  Advisors. Various
Colleges and Departments of the University maintain advising offices and employ
individuals with & job title of “curriculus advisor" who are expert on
University, College, and Departmental requirements, and the coucrse offerinas of
the University. This qroup of experts are professional student advisors who
work. with student schedules on o dairly basis, There are about 30 such advisors,
and we recruited 16 for this experiment. These subjects were paid a $10.00

"honorarium" for their pacticipation v addition to  their uwsual salary.




ajects. The 1nstructious to subgects were elaborate. First,
written instructions explaiviing the experisent and the aid were presented on
the computer. It was explained that the possibilities sugaested by the aid were
to be carefully assessed; that the subjects should use their best judgment in
deciding whether or not to include the @id’s sugjestions on their list of
hypothaeses. A particlarly pertivent section of these instructions is

reproduced below:

We are investigating a computer aid for memory in this study. Ue have
found that people sometimes fail to vemember relevant information in
certain situations. The computer @1d acte a a prompt for memory. UWe
are interested in 1a iearning how useful the zaid is 1n helping peaple
searth their memories.

As we arve interested in the extent to which the aid helps you search
your memory, 1t is vitally important that you understand everything
about the experiment. For this veason, we want you to ask questions
whenever you need clarification. We will be happy to explaan  aay
aspect of the experiuwent to you.

One of the first things that a Jdoctor does before making a diagnosis
is to make a mental list of the possible diseases that the patient
might have based on the patient’s symptoms. If this list does not
include the disease that the patient has, the Jdoctor’s diagnosis is
bound to be wrong. So coming up with @ complete list of possibilities
is very isaportant and we are studing an aid that should help people
create a more complete list.

Instead of investigating wmedical diagnosis uwhich requires special
expertise, we have chosen similar problems which have the same
characteristics. Some of these problems involve generating a list of
possable majors for an unkaown OU student on the basis of courses
that this student has takea, For example, 1f you kneuw thal the
unknown student had taken 9 hours of Zooloay, vyou would probably
include Biological Science wmajors on you list such as Zoology and
Botany. The student could also be a Psycholojgy major who took these
courses as part of a Pre-Med program, or evea an Art major who 1is
fascinated by Zoology. Art, of course, 1s nolt nearly @s likely, but
it 1s possible. MWany other possibile majors exist. Can you think of




~v-

any? How likely ave they?

Toe cut the task of jeneraling this list down to manzgeable size, you
need not add possikle, hut highly unlibely wazjors f(such as Art) to
the list you will generate. IT the chauces of & particular major ace
less than 2X you should wot add it to your list, but all aajors which
are more likely than 2% should be iwcluded on your lisi.

One way of making this cleaver 1is to imzgine that wll the
non-transfer students who had taken these Zoology courses for the
last several years were asseni:led 1n a lavge awditorium. Students are
seated by wmajors under lurge siqns giving their sajors, Some majors
will have many siudents, others will have only a few, or none. Your
task will be to list all the majors which include more than 2% of the
total number of studewts in this voom. If this isn’t perfectly clear,
now would bte @a gqood time to discuss this with the experimenter.

COther problems will involve wmaking lists of aninals fros their
characteristics. Use the 2X rule here alsc. If the animal having the
specified characteristics 1s quite rave, you need wol @dd 1t to your
Fist.

Following the wratten instructions the subjects worked three practice problewms
using the same procedure as in ihe main experineat. There was one of each type
of . problem wused in the sain experiment; an unaided “"Majors" problem, an aided
“Hajors” problem, and an "Aramal’ probles were included in the practice set <o
that the subjects would have experience with all of the types of problems ta ke

encountered in the main cession.

besign of the otuwly. The design 1s a 2 by 2 by 2 anived factorial uhere
expertise 1s & belween—groups variable, and wumber of dala and aiding are
within-groups varrables. There were four one-datus prablems, and four
thnee~data  prollems. Each <ubject was alded on S0% of the fproblems

countertalanced across number of date so that each problem was aided equally

often for each group. The two “Animal” probleas were included with the eight
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"Hajors" probleas, so each subxject worked a ceries of ten problems in the maln
part of the experiment. The order of the ten problems was raidomized for each

subject.

Frocedure. Following the instructions the cubjects worked ten problens at
their own pace. The experimental session typically lasted between one and ane
and a half hours. The data of the probles was displayed on the video screen of
the conputer. The subject”’s answers were typzd into the computer keyboard. For
the "Hajors" problems a spesling chieck was made by the computer. UWhen the
subject entered a major 1t was compared to a list of the 43 possible majors. If
an exact letter-far-letter match was fouwd, the nzjor was added to the
cubject’s list of plausible majors. IT this match failed, then the computer
esecuted @ reouline where 1t attempted to identify the eatry. If a major closely
approximating the subject’s entry was found, the cemputer asked for

confirmation that this major was 1n fact the one that the subject intended. The
subject continued to enter majors until the subject believed that all the
majors which included move than 2% of the zludeatls who had token the specified
courses had been identified. Then the subject entered "[IONE" into the computer.
If the problem was unarded for  that subject, the program began the next
problen. If that problem was aided tihen the aiding display was denerated.
Subjecls were unaware that & particular probles was atded until this goint te
control the possibliity that Lthey wight vely on the aid if they knew that &

particular problem was arded 1a advance,

It @ problem was avded, the list of "Majors" that the subject qenerated, the
data of that problem, and the "Majors" sujqested by the md were dicplaved. Any

majors that the subject generated were removed from the aid btefore 1t was
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displayed to the subject. The subject had been told during the instructions and
the practice problems that this aiding list was generated by the computer on
the basis of other people’s responses znd that it was to be searched for majors
that were greater thaw 2% to be added to tie list. The najoirs sujqested by the
ald were numnbered. Subjects indicated which nmajors were to ke added to their
list by typing the number of the major. They could adopt several majors by
entering the numbers associated with the majors, separated by plus signs. Any
majors so adopted were transferved from the widing list to the list of
responses adopted by the subject on the display. This process was repented
until the subject entered ithe wumber iundicating that all the desired transfers
to their list had been made. When all 10 problems had been worked, the session

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

All hypotheses that the subject generated weie recorded, @s were the hypotheses
suqqested by the aid and adepted by the subject. The basic index of perforrance
for aided and unaided responses ic the posterior probebility associated with

each of these najors; as was indicated previously in the example problem.

The aid is created by generating @ list of possible hypotheses for each datum,
and storing these lists iwn a computer for future access. In principle, there
are many ways that these 1lists can be qenerated. In situations which are
relatively well understood, such as automotive and electronic trouble shooting,
authoritative sources of information can be consulted to generate these lists,

Alternatively, historical vecords can be consulted to provide this information.




in other situatiuns, where uch  authorailstive sources of pafTorsation are

study because weo believe 1t 15 likely to be ithe easiest to i

tiul because way individual may

hypotheses. If, hauwsver, several i are used, then rvelevant hypotheses
which one individual fails to retrieve wve often velvieved by  another
individual because of diffe s 1n theiy and 1z S n

retrieval Trom semory by one individual may J successa
other 1ndividuals.

Jiite the 1is ot hypotiheses for euach datum are created, wi  stored in the
conputer, atd 15 rceady for use. As dat ive thise 13 re acc ed aad

earched for hypotheses that are comman to several of the listis.

that occur sorve fregueantly than t 1o 1 e ited to t! ision
maver fov a sement, and ave adopled 17 they are sufficiently plausible,
St (513 i ‘:if'_“', ! Lo 1k ?'(_‘ (0 e f‘..;ﬂi“f,l"»l;‘ and number of
contributors to Lhe lists ave Loth 1mporiant variables which affect the quality
of the lists. First, 1t 15 desivable thal the lists ke gensrated by experts as

the hypothesis set of an expert should be lavger than that of a won-e

should contribute Lo each list. A&n

+

mce e j11st o the extent




that their experience and kaowledge drf

to consult is primacily govecned by their expertl

problem. An 1ncreass v the nwueber of contritwtors

compensate for a lack of a bhiah deqgree of

contributors. On the other hand, 1f the conlributors ace exper

Jquality, them o cssxller

Contributors used 1n thas eqecieent. I

used t¢ genevate the lists since there uwere not ewoudgh experts

ge, and the importance of the

tc tie 1ist should pr.n“..l"'il‘/

expertise on the part of the

i
"
o
-4
=
(’il

tiighest

number  of conbributors should be sufficient.

the presenl study, non-experts were

i

to de this task

and also participate 1n the 2xperinent. The non-experis used were studenis in

N

Experisentnl Peychology at the Universty of Oklahoma, This courcse is

Laken by upperclazssmen dus to il: prerequisites.
list 1in esponse Lo e d3 LM, i Lheir lists'w
L gn the list if it was 3iv woany of the
Thee  dait Fometvic. Once th a1d  has  been
aseess 1ts ad juacy. W2 have Jdevalig; W & '\".I':"Iquf
the li1sts wused in the hypothesic Jenaration aid.

lypically
Figtiteen students generated a
pooled. A hypothesis wus

18 contributors to the list,

jenerated 1t 1s important to

for studying the adequacy of

Tivies tockmigue has a variety

of patential applications. Farst, 1t 1s possible Lo chauracterize the maximum

qain Lhat could be expected using the aid if the hypothesis assessment of the

user were perfect.

Second, the pecformance of an unaided user can be roughly

estinated using the menmory ratrvieval model of Gettys, Ficsher, and Menle (1978).

Third, it 15 possible to decide how many

used. These 1deas may have considerable practical

cobeributors to each list should be

importance 1f thas ai1d proves

13
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to te successful in certain situations. Unfortunately these tectmiques require
veridical posterior probabilities which may be difficull, or 1apossible to

obtain 1w some situztians.

This wmetric 1is named Delta F, and it 1s based on the following ideas. Each
contributor to the lists 1s given a datum and 15 asked to generate an list of
possible hypotheses. Each of these liste canm be characterized by the

probability, P, that the correct hypothesis is contained in the list. P is
calculated by summing the postericr probabilities for each hypothesis on the
list. This sum the probability that the 1list will contain the correct
hiypothesis. The value of P 13 less (han 1.0 to the exteni that the list 15 not
exhaustive, or lacks relevant hypotheses. Various contributors to the list do
not qenerate exattly tre same hypotheses. Pooled lists should contain more
plausible hypotheses tham any indavidual’s list and will have o greater  value
of P. This techaique cas ve:dily be generalized to N iadividuals. The
difference in P between aa 1ndividual list and the pooled list resulting fron N
individuzle 1s termed Delta F, which 1¢ the gain 10 F resulting from the
pooling process. These elementzecy considerations yield several  intevesting

results.

Estimating ovmatded pevforaoncie. Fivst, if P is calculzted for each of the
contritutors, the average wvalue of F 1s an estimale of the pecformance of an
unaided user for a particular dalun. The memory tagzing model of Gettys, Fisher

and Mehle can be used to make a vough estimate of unaided performance for

multi-data problems by Aonte Carlo  techniques.

Estimating the easimge possivee  Jain from  the

atd . The delta P value

- .




resulting from pooling the hypothesis lictc of all contribwtors 1s an  estimate
of the muvimnus possible Jain for users of the came level of expertise as Lhe
contritutors. This gain may nol be realized 1n practice 1f the aided user does
not exploit the full potential of the wid, but 1f the @ad chows a small value
of Delta P 1n @ given situation thea the aid will be of little, ar no use in

that situation.

Estinating the wumber of contribotors to the aid. by varying the number of
contritutors, N, from one to its maximum value, and calculating F for each
possible value of N, a neg.tively-accelerated curve in P 1s teaced aut. This
analysis can be performed by Hoole Carlo techmiques uwhere the lists of the

various contribwtors ave vandomly chasen, ov by an  exhaustive analysis where

all possible caoabinations of contvibulors ave assessed.

Setting the threshold values of the aid. There are tuwo threshold values that
inpact on the performonce of the aid., By zdjusting these values the hypothesis
set that the aid produces can e ;aried at will. Fivst, the criterion for
ancluding the hypothecis on the list can be varied. In the present study this
criterion was set so that if any of the 18 contributars to the aiding lists
suggested @ major for the @1d 1t was included in the lists that the computlsr
cearched. Such a criterion admits mzny majors to the 1ist that are quite
unlikely, but maxinizes the number of velevant hypotheses included on the list.
We chose this criterion because 1t 1s possible to calculate what aided

performance would have been if & moce stringent critecion had been employed,

and so are able to examine the porformance of the aid with various criteria,

A 0 A AT




The second critevion that must be determined 1s the rule to be used by the
conputer when searching the list for hypolheces that are common to several of
the lists. For the one-datun problems the choice i1s forced, zs only one list is
searched. For the three-datla problems we picked a criterion that the major must
appear on at least two of the thres lists before it 1s sujjested to the
subject. We crose a value of two Lecause previous research (Gettys, Fisher, ang
HMehle, 1978) suagests that subjects reblrieve = hypothesic from memory when it

1s tagqed for two out of three data.

By adjusting these two criteria it 15 possible to increase the number of
relevant hypotheses thal the aid vetreives bul at « cost of increasing the
nunber of unlikely hypotheses Lhat are rvetrieved., Ezch tise the aid is
inplemented these decisions will have to ke made. Ian effect, thz mesh si1ze of

the net must be set to determine the minimum size of fish that will be cauaht.

Using these criteria the aid  cwygested 32 wajors for the example problem
discussed previously. (Thas ropgpens to be the maximus  sunber  of magors
suggested for any prchlem.) Of the 12 majors thot weve more likely than 22X, 9
were icluded on the aid list. The aid dad not sucessfully retrieve Labaratory
Techunologqy (9.3%), Liberal Studies (L.1X), and Universaty College (11.3), but
it did retrieve hypotheses whose sum was 8/7.7%. Had the criterioa far the
1nclusion of & major on the @1d lists bean &t least two out of the 18
contributors to tre aid, then the ai1d’: performance would have beewn 43.9%, and
the @a1d would have only sujqested 9 hypotheses less than 2% rather than 23 as

was actuvally the case.

poa
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Ferformance on  the coatrol  tack.

As the experiment employed two distinct populaticns of subjects, we included =
control condition tn detect possible differences between our non-expert and
expert subjects on a topic thatl was irvelevant to the expert’c specialty. The
task chosen was the "Aniwal" task whicih we felt lepped itens of common knowlege
which both qroups should have. Thus diffeveaces av pevformance should be due to

liypothesis generation whility,

The nunber of animal responsez that were coosisteat with the data were
tabulated for both groups. The mezn pumber of appropriate vesponses for the
non-experts was 9.16, while the experts achieved a mean of only 3.19 correct

responses (F=46.90; df=1,30; pi.05),

It might be tempting to explain  these vesults wusing sose of the common
prejudices  connected with experts, but we believe thatl another explanation 1s
more likely. We woticed that the expert’s attitude tloward these “Animzl"
problems was sometisnes ane of indifference. The experis were recruited with the
idea that their expertise would contriiute to Lhe evaluation of the a1d. We did
not meation in our recruitment literature thal avather qroup of acu-expevt
subjects would e a part of the experiment, or the purpoze of the zniaal
problens, nor did we volunteer thic inforsation unlese asked. For these
veasons, some of tie experts probabldy reqarded these prohlens s irvelevant
Lrivia. The non-expert subjects were mnostly advanced psycholoqy majars who

perhaps were hacdened to the practices of euxperimental psychologists. Uhile
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this conmparision 15 perhaps flawed for the above reasons, the results sugiest
that the expert subsjects are o hetter than the non-experts 1n  geznéral
hypothesis generation abality, & vesult which will aid the 1nterpretation of

other results.

Unanded  performance.

For problems where the expertise of the experts was relevant, ane might expect
that the experts would show superior performance to noa-experts, and in fact
this was the case. We summed the probabiilities of all the “"Majors® hypotheses
generated by the subjects without the aid that weve greater Lhan 2X for both
qroups using the technigue 1lluctrated previously., The wmean perfarmance of  the
non-experts, xpressed =@s @ percentaqe, was A47.7%, uwhile the mean for the
esperts was 90.64. The dirierence 1w performance 1s 2.9%2 and this difference is
statisically vreliable (F=4.9; df=1,23; p<.05), This difference, while in the

expected direction, 1¢ curprisivgly low. We expected a lavaer difference.

fhis small difference between experis and non-e perts ralses some 1aterestiing

questions about the vale expertise plays 1v the hypolhesis gqeneration froce

¥

w0

Our earlier reports of deficieaces 1w hwpothesis generation using non-expert
subjects nave been questioned due to our subject’s lack of expertice. Qur
vesults for the expert and woo-expert subjects sudgest that subject-matter
expertise 15 wot @ potent veriable 1n hypolhesis gqenaration, and that
non-expert subjects are satisfaclory surrojdates for expert subjects. It does
not follow from these results that expertise 1¢ laecgely 1rvrelevant in

hiypothesis 4qeneration. It aay be thal expertise in the subject matter of the

task aust alco be coupled with daily pervformance of the task for the true

o
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advantaae of expertise to kecome apparent. In any eveat, thece resulis de
indicate that the surprising deficieacies in hypotiesis genecation performance

which we have observed previcusly, and replicate here, are not due to lack of
i

subject matter expertise.

Ferhaps the nost intevesting aspect of the unalded performance of both groups

of subjecls 1s its implication fTor practical decizica making. Sub e

erther  expert oy now:

vty ave wnot copable of genecating an adequate
hwpothesis set 1 this taskt., While the generality of thic effect has not been
conpletely established, thic is cause Tor alarm. The percentades reported
previously are wot arbitrary ccovec, they reflect the probability that the
subject’s list will contain the true hypothesis. In other words, if a subject
earns a score of of 30.6Z2 tnis amezns that on the zverage the true hypothesis
will not be considered on about 50Z of the cccasions whea ine subject qenerales
hypotheses. We wonder whether decision analylic models a@re  robust ewcugh  to

tolerate such a high error rate?

Therve are several possible explanstions for inadequale hvpolhesis generation.
Une 15 that the "majors” tasi is 1ncredibly J4ifficult. fhere 13 an element of
Leath an this arquient; a modern university is in foct gquite complex, and wo
sinqle 1ndividual can be awire of the layers of College and Departmental
requirements, reconmendations, and student preferences. UWe believe, however,
that this 15 -a . characteristic of ﬁuny real-world situstions that are not
conpletely understood. In nedical draguosis, for example, a physician’s
knowleqe 1¢ conparablie to that of our experts in some sevse, Both gqroups are
dealing with an mperfectly understood eaviornment. Roth giroups ave capable of
-

dealing with routine problems wheve stawdavd procedurzs exist. These routine




prroblems are not usually the cuiject of decica ialysis
usually ewuployed whea our undecslan 2f the prablen 1g
in these very probless that one would expect to find defic
3eneration. Furthermore, earlier results were act L
problemns, 1nstead we used prebless which fiould

sub jects.

An alternative explanatl on to diftficulty may actuall
percentage of the subjeci’s deficiencies in hypothesis ae
evamining the process fiy 2@ are relrieve

Filche ’ and lizhle (19278) found EY strieval proce
inefficient. This result < ‘ thiat th MOTY S
subjects re Uzt
cannot be accessed from the data. If this 1is the

deficiencies

deneration g e
infornation that
the situation whitch the
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that the
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subject’s menoiy.
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Jhat the subject genevated after us the aid
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prerformance was 40.3%4 and wnon-espert pevforMance  we
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between qroups was nolt reliafde (F=1,89; 47=1,28; p>.2), but hoih )

aided siguificantly by the ai1d. The ewerts showed an i1eprovement of 13.3%,

—

while the nov-experts chowed an  isprovesent o 12.5% over their unsided

perfernance. The difference 1 the improveseatl 1w performance was veliable
(F=4.16; df=1,28; p{ .05). There uas also @ velizble effect due to the nusbe

of data. Performance on owne-datum probless was &§2.2X%, while performaace ow

i

three data problems was 55% (F=23,94; d4f=1,23; pl.01),

The @aid does produce the expectsd gain in perforaance that is consistent with
the notion that Jdecisicn wakers can vecognize, but wot aluways reirvisve,
relevant hypotheses. It 15 interesting o note that the inmitizl difference
between non-experts and 2xperts 1s reduced v the aid.  ihee  ald  eahanced  the

perfaormance of the non-expects to a greater exlent, a5 might Le expected.

The decision a5 to whether the aid is uwovihwhile to i1mplement will  depend on

the importance of the gain in perforsance that 1t produces. The caneean
W 3 E g

the dain will depend in & complicated way ow  the decision model which i3
appropriate in @ gJiven situation, @nd as we Jd1d not embed our hypothesis
generation problems 1n a decision situation, we cannot calculate & Jain 1im
potential payoff from using the aid, wnor can we estimate the cosis of
inplenenting the a1d 1a a 3iven situation, except to say that 1t shoula be
velatively inexpensive. ihe «1d does seem to be promising enoush to warrant

further development in other situations to Fuirther <tudy 1ts utility.

fthe results for number of data were as predicted. We hypothesized that when
hypotheses must be retvieved thal are consistent with several dala that both

the memory retrieval ard and the sulijects would have moce difficully. However,
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the effect of number of data rntecacted significantly with the probles (F=5.467
df= 1,28; 04.03) and we eaployed only four probless ot each level of number of
datz. These tuwo considerations sugiest that tlas result should be  interproted
with caution, it maay be an effect due to the particulzr probiems chosen for the
eaxperinent.
Fotential pecformance of the aid
Is 1t possible that wmost of the hypotheses the subjects genevated were
anticipated by the @id? Considerable insight into uhat actually happensd in the
experiment can be guined by "turning the tables" on the subjects and the aid.
Suppos= that all of the sugaestiove of the aid were zdopied withoul assesceeunt,
and the subjects were tavited to "ai1d" the @id. The aid that ihe subjects would
provide 1n this situation would be thoce hypotl tial they retrieved frowm
their memories that had wot  been gensrated by the id. To perfors thas
analysis, it 1s first wneccessmry to calculate how the aid would have performed
without the nelp of the suiijects. The resull of lhas calculation is that the
@id alone perinrned with o score of 728X! The abi“‘ube s1ze of this nuaber is
not the najor reason why 1t 1s 1impressive, 1f more, or batler, contvibutors had
been wused it would have been higher. (In fact, had the historical technigue
that we used to ascertain Lhe veridical probaliilities had been used to jenevate
the lists, the aid would hive performed perfectly, achieving @ scove ot 83.94.
This percent 1s just the sum of the probabilities that are greatec  than  2%.)
The i1nteresting result 1s the relative comparicion of the atd alone conpared to
either the aidad, or the unaided subvjects, and conpared to the subjects mding
the aid. This latter result 1c the simplest, so 1t will ke discussed first.
——*—»n——~—~i~ 7 'LA , ‘wn- ——— e e
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Table 1

A Conparision Between Unaided And Alded Human ferformznce
And The Ard By Itself

Hunan #1d only using = cviterion of:
R R e T N
Fercent 50.6% 67.5% 76.0% Patd &2.%%
# Hyp>2% 3.04 4.71 b.12 4.75 4.25
# Hyp<2Z 3.75 793 Vit Tadn 9.00




Uhen the subjects "aided the ai1d", the 3a1n 1w performance was  lese  than 1%,
This means that the subjecte ravely vebtrieved hypothesss thut were not

retrieved by the ard, which is a pouerful testameal to the efficency of the

peoling  process.

The aid also performed better than the unaided subject and the =zided subject,
Lut at the cost of adding unlibkely hypotheses to the list of majors. Houever,
as mentioned previously, the criterim used Ly the aid can be adjusted to reduce
the number of "false alarme". These calculatione were pecformed for the ald as
the sole hypothesis generator for various @id  eriteria. We aaaipulated  the
criterion wused to include o magoer on the lists in the aid conputer wmemory,
using @ cviterion of either at least 1, 2, or 3 contributors oul of the 18
coentritutors as the rule for incliusion on the s1d liste. The results of these
calculations, and the wunber of hypotheses that the a1d "adopled" that  were
qreater, or less thaa 2% @re showa 1n tabde 1 with the rvesulis of wided and

non-aided human pevformance.,

Onsert tahle 1 about heve)

As can be seen from an 1nspection of table 1, the aid alone with = criterion of
2 out of 18 subjects 1s clearly superior to the uansaded subject. It 15 also

most interesting that it perforns as well @

5 @ aided humon, achieviag aboutl the

same  percentage  performance with roushly equivalent false alaras.

The conclusion i1s mescapable. In this situation, at least, the axd could
completely vreplace the human decision maker with we loss in performance. We da
not serrcucly advocate such zn exireme recormendation at this time for veasons

of user acceptance, but these recults sugqest that the subjects would have




cantributed little to the per f 144

ST K - 3 .
I e pertormance of the aid had the takhles been rewveised.

The hypothesis generaticn aid was shown to evhance the hypothesis geqeration
performance of both expert and won-eupert subjects to a noticeable degree.
These results alse demonstrate the potential of creating an aetificial coaputer
memory based on humain judgeent, which iwn this situation at leust, can achieve,

by 1tself, better perfornznce Lham an unaided human hypothesis generator.
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