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SUMMARY

Background

For many types of decisions, it is important to know
how many people or objects there are in a particular category
(e.g., the number of possible candidates for a particular
position, or the number of options at an opponent's disposal).
In the absence of accurate statistical data, the decision
maker must rely on his or her own judgment for these estimates.
In earlier ARPA-sponsored work, Tversky and Kahneman proposed
that people make such estimates with the aid of the
"availability heuristic;" a category is judged to be large to
the extent that category members are easy to imagine or recall.

In a series of experiments, Tversky and Kahneman showed
that although availability of examples is often a valid
indicator of true category size, it can lead to predictable
errors when factors like vividness affect availability. 1In
none of their experiments, however, was availability measured
directly. The present studies attempted to fill that gap.

Findings

Although the availability hypothesis was supported by
some of our results, it was also found to be an
oversimplification of the process of estimating category size.
Specifically, for a situation in which category instances were
easily retrieved, availability was a better predictor of
category size estimates than was actual category size. 1In
that situation, exhaustively listing instances in memory led
to improved estimation. For a second task, however,
availability did not predict subjective estimates.
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Implications

Several theoretical and applied conclusions may be
drawn from this study.

1. Availability is an important factor in category size
estimation.

2. Research is needed on other factors that supplement or
supplant availability in some situations. (Some
speculations about these factors are advanced in the

paper.) !

3. If one is going to use the availability heuristic, it is ]

best to use it intensively, that is, to work hard to
exhaust one's memory for instances before making an
estimate.
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1. INTRODUCTION

Tversky and Kahneman (1973) have proposed that people

evaluate "the frequency of classes or the probability of
events by availability, i.e., by the ease with which relevant

instances come to mind" (p. 207). In a series of nine studies

they showed that although availability is correlated with
ecological frequency, it is also affected by other factors
and can, therefore, lead to systematic biases.

In only two of their nine studies, however, was
availability measured. Experiments 1 and 2 gave subjects
7 seconds to estimate the total number of instances they
sould be able to produce from a particular category and then
had them actually produce instances for a period of two
minutes. Subjects' short-term estimates proved to be good
predictors of their long-term production. 1In the remaining
studies, plausible arguments were advanced for why particular
manipulations should affect availability which should, in
turn, produce biased estimates. Although the predicted biases

were observed, availability was not directly measured.
The present investigation explores the use of a

number of direct measures of availability in hope of attaining
a better understanding of how the availability heuristic works.
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2. METHOD

Thirty-six first-year Hebrew-speaking psychology
majors participated in the present study as partial fulfillment
of course requirements. The entire experiment was conducted in
Hebrew. Each subject was tested individually in a soundproof
room seated at a table beside the experimenter. A cassette
tape recorder rested on the table with the attached microphone
20-30 cm away from the subject and recorded subjects' responses.
The following instructions were read by the experimenter who

throughout the experiment remained impassive:

"In the present experiment we are interested
in people's ability to retrieve items from their
memory. In some of the questions you will be asked
to retrieve and list various items; the more you
retrieve, the better."

"In the remainder of the questions you will
be asked to give a numerical answer to questions
whose precise answer you probably do not know.
Therefore, we will ask you to give the numerical
answer which seems to you most likely to be correct."

In the first part of the experiment, each subject
performed two retrieval tasks, one dealing with names of
countries and one with names of kibbutzim (communal settlements
in Israel). The order of the two tasks was randomized over
subjects. Instructions for those tasks were as follows:

"There are some 140 countries in the world
(240 kibbutzim in Israel), we will concentrate
on countries (kibbutzim) whose names begin with
one particular letter. We will give you one
letter and you will be asked to list and
simultaneously say aloud all the countries
(kibbutzim) which you can recall whose names
begin with that letter. When you feel that you
can remember no more, tell me. Is everything
clear?"
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"Try to list all the names of the countries

(kibbutzim) whose names begin with the letter _ .

START."

Subjects generally devoted about two or three minutes
to each retrieval task. After giving up, they were asked
whether they had remembered all of the possible instances.
After replying "No" (as all subjects did), each was asked,
"Of the 140 or so countries (240 or so kibbutzim) how many
do you think begin with this same letter?"

Three initial letters for countries and three for
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kibbutzim were used. Letters were chosen so that the true
number of members in the categories varied fairly widely.

The letters used and the true number of members were, for
countries, "Aleph" (19), "Kuf" (12), and "Yud" (5); and for
kibbutzim, "Mem" (31), "Beit" (15), and "Hei" (8). One-third
of the subjects (12) produced instances and such "aided"
estimates for each of these categories. Following the two
retrieval and aided (after-production) estimation tasks, the
recorder was turned off and subjects were instructed in the

second, "unaided estimation" task.

"I will now allow you only 5 seconds to
estimate the number of countries or kibbutzim
whose names begin with a certain letter. I will
state the letter. Five seconds later, I will
point to you indicating that your time is up and
you will give me your estimate."

Each subject made unaided estimates for the two
country and two kibbutz letters for which he or she did not

produce instances. Thus, 12 subjects made unaided estimates

| and the remaining 24 made aided estimates for each letter.

|
|
|
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3. RESULTS

The following information was derived from each
subject's responses: (2) unaided (five-second) estimates of
category size; (b) the time betwez=n the word "START" and
production of the first instance; (c) the number of instances
produced in the first five seconds (the period allotted for
the unaided estimation task); (d) the number of instances
produced overall; and (e) post-production (aided) estimates
of category size. Summaries of these data appear in Table 3-1.

3.1 Countries

Comparing the top row of the table and row a reveals
a substantial bias in unaided estimates of the relative sizes
of the categories. 1In particular, the "Yud" category is
judged to be considerably larger than "Kuf" (2 = 2.72,
Mann-Whitney U Test), even though it is actually less than
half the size. This reversal is, however, predicted by either
measure of short-term availability (rows b and c¢c). Subjects
take half as long to produce the first instance of a "yud"
country and produce twice as many instances in the first five
seconds. The availability explanation of the bias in estimates
seems even more plausible when the instances included in the
two categories are considered. The five "Yud" instances
(Israel, Jordan, Japan, Greece, Yugoslavia -- all written in
Hebrew with the same first letter) are much more familiar than
the 12 "Kuf" instances (Cambodia, Cameroun, Canada, Columbia,
Congo~Brazzaville, Congo-Kinshasa, Costa Rica, Cyprus, Cubpa,
Kenya, Korea, Qatar). However, although "Aleph" instances
are less available than "Yud," by both short-term measures

(rows b and c), "Aleph" is judged to be a more numercus




TABLE 3-1

PRODUCTION AND ESTIMATION DATA
COUNTRY AND KIBBUTZ CATEGORIES

Countries Kibbutzim
Letter Aleph Kuf Yud Mem Beit Hei
Actual number in category 19 12 5 31 15 8
a. Median unaided 15 7 1.7 29 23 10
(5-second) estimate
of category size
b. Median time to 1.9 2.9 L.5 4.5 547 5.8
produce first
instance (in sec.)
c. Mean number of 1.5 115 2.0 0.5 0.4 0.6
instances produced
in first five seconds
d. Median number of 9.5 Siadk) 5 3.8 4 3
instances produced
e. Median aided 16 10 6.5 15 20 10

(after production)
estimate
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category (row a). Clearly, availability is not the only
determinant of judged numerosity.

After exhausting their memories for category instances,
subjects produced considerably more accurate estimates of
category size (row e vs. row a). This superior performance
suggests that at least some of the bias induced by relying
on the availability heuristic can be eliminated by using that
heuristic properly, i.e., by working hard to see how many
instances are in memory. Note, however, that the order of the
final estimates (row e) is not the order of the number of
instances produced (row d). Again factors other than
availability (at least as measured here) are at work.

3.2 Kibbutzim

Subjects' unaided estimates (row a) were generally
quite gcod. Differences in category availability (rows b and
c) were, however, so small here (none being statistically
significant) that it is hard to imagine them serving as the
basis of the discrimination shown in the estimates. In
contrast with the country task, exhaustive listing of
instances produced poorer estimates of category size (row e),
suggesting that hard work alone is not sufficient for accurate |
estimation. Although the order of these final estimates was
the same as that of the number of instances produced (row d),

production differences were gquite small.




4. DISCUSSION

The results indicate that where instances were easily
available, with the country task, unaided estimates of
category size were uncorrelated with actual size, but were
correlated with two direct measures of availability: time
to produce first instance and number of instances in the
first five seconds. In this situation, exhaustively listing
instances in memory lead to improved estimation. In fact
that aided estimates of country category size do not
correlate completely with total production (rows d and e)
indicates that there must be other factors influencing
frequency judgments.

For the kibbutz task, instances were not easily
available; half our subjects were unable to produce any
examples at all within five seconds. Here, short-term
measures of availability (rows b and c) did not correlate
with unaided estimates. The correlation between unaided
estimates and actual category size in this situation must
be taken as further evidence for the influence of factors
other than ease of instance production on frequency
estimates.

Further research is needed to identify these factors.
We suspect that they will prove to be highly situation
specific. Tversky and Kahneman suggested that direct
knowledge of category size (or item frequency) may be stored
in memory, a proposal also advanced by Underwood (1969).
This seems unlikely with the unnatural categories used in
this experiment. A more likely factor is knowledge of the




lexicographic structure of the language. For example,

subjects may have known that "Aleph" is a much more popular

initial letter than "Yud", a factor which could have

tempered their reliance on availability information in the

unaided task (rows a, b and c¢). Similar use of analytical ]
information might also explain the accuracy of the unaided

estimates in the kibbutz task, for there are more Hebrew

words beginning with "Mem" than with "Beit," and more with

"Beit" than with "Hei".

Even unsuccessful attempts to produce instances may
be informative. Some kibbutz-task subjects reported that the
search process reminded them that there are many kibbutzim
with names of the form "Beit " ("House of e
"Beit" being both the name of the letter and the word for
"house") or of the form "Ha ____" ("Ha" being the Hebrew
word for "the"), even though they were not able to produce
any specific instances. Quite possibly "Kuf" subjects in
the country task increased their frequency estimates
following the production of relatively few instances
because of a feeling that there were quite a few obscure
countries "in there" but unretrievable; "Yud" subjects in
the country task may have lowered their unaided estimates
because of the opposite feeling. Such information is
reminiscent of that reported in "tip of the tongue"
experiments (Brown & McNeill, 1966). If this sort of
information is to be considered an aspect of availability,
then that term should be expanded to include the "ease with
which instances almost come to mind."

One subject for whom the instance-producing strategy
of availability estimation did seem relevant asked for an
extension of the five-second estimation period, begging,

"Just wait until I can think of at least one."




5. REFERENCES

Brown, R. and McNeill, D. The "Tip of the Tongue" Phenomenon.
Journal of Verbal Learning and Verbal Behavior, 1966,
5:325-337.

Tversky, A. and Kehneman, D. Availability: A Heuristic for
Judging Frequency and Probability. Cognitive Psychology,
1973, 5:207-232.

Underwood, B. J. Attributes of Memory. Psychological Review,
1969, 76:559-573.

9=1

N ek s




T T

CONTRACT DISTRIBUTION LIST
(Unclassified Technical Reports)

Director

Advanced Research Projects Agency
Attention: Program Management Office
1400 Wilson Boulevard

Arlington, Virginia 22209

Office of Naval Research
Attention: Code 455

800 North Quincy Street
Arlington, Virginia 22217

Defense Documentation Center
Attention: DDC-TC

Cameron Station

Alexandria, Virginia 22314

DCASMA Ealtimore Office
Attention: Mr. K. Gerasim
300 East Joppa Road
Towson, Maryland 21204

Director

Naval Research Laboratory
Attention: Code 2627
Washington, D.C. 20375

Office of Naval Research
Attention: Code 102IP
800 North Quincy Street
Arlington, Virginia 22217

2 copies

3 copies

12 copies

1 copy

6 copies

6 copies

L

" i




"!—'-"""."'-..--l-lllllllllllllllllIIllIlllIlIll!llll!llllllllllllﬂ?'""“ﬂq!

Revised August 1977

SUPPLEMENTAL DISTRIBUTION LIST
(Unclassified Technical Reports)

; Department of Defense
i Director of Net ssessment Chairman, Department of Curriculum
: Office of the atary of Defense Development
Attention: MAJ .u.ert G. Gough, USAF National War College
The Pentagon, R .m 3A930 Ft. McNair, 4th and P Streets, SW
{ Washington, DC 20301 Washington, DC 20319
k Assistant Director (Net Technical Assessment) Defense Intelligence School |
Office of the Deputy Director of Defense Attention: Professor Douglas E. Hunter |
Research and Engineering (Test and Washington, DC 20374 |
Evaluation)
The Pentagon, Room 3C125 Command and Control Technical Center
Washington, DC 20301 Defense Communications Agency
Attention: Mr. John D. Hwang
Assistant Director (Environmental and Life Washington, DC 20301
Sciences)
Office of the Deputy Director of Defense
Research and Engineering (Research and Department of the Navy
Advanced Technology)
Attention: COL Henry L. Taylor Office of the Chief of Naval Operations 5
The Pentagon, Room 3D129 (0P-987)
Washington, DC 20301 Attention: Dr. Robert G. Smith

Washington, DC 20350
Director, Defense Advanced Research

Projects Agency Office of the Chief of Naval Operations
1400 Wilson Boulevard (0P-951)
Arlington, VA 22209 Washington, DC 20450
Director, Cybernetics Technology Office Office of Naval Research
Defense Advanced Research Projects Agency Assistant Chief for Technology (Code 200)
1400 Wilson Boulevard 800 N. Quincy Street E
Arlington, VA 22209 Arlington, VA 22217 ﬁ
i Director, ARPA Regional Office (Europe) Office of Naval Research (Code 230)
E Headquarters, U.S. European Command 800 North Quincy Street
£ APO New York 09128 Arlington, VA 22217
I Director, ARPA Regional Office (Pacific) Office of Naval Research ]
I Staff CINCPAC, Box 13 Naval Analysis Programs (Code 431)
. APO San Francisco 96610 800 North Quincy Street
5 Arlington, VA 22217
1 Dr. Don Hirta
I Defense Systems Management School Office of Naval Research
: Building 202 Operations Research Programs (Code 434)
' Ft. Belvoir, VA 22060 800 North Quincy Street

b Arlington, VA 22217




Office of Naval Research (Code 436)
Attention: Dr. Bruce MacDonald
800 North Quincy Street

Arlington, VA 22217

Office of Naval Research

Information Systems Program (Code 437)
800 North Quincy Street

Arlington, VA 22217

Director, ONR Branch Office
Attention: Dr. Charles Davis
536 South Clark Street
Chicago, IL 60605

Director, ONR Branch Office
Attention: Dr. J. Lester
495 Summer Street

Boston, MA 02210

Director, ONR Branch Office
Attention: Dr. E. Gloye
1030 East Green Street
Pasadena, CA 91106

Director, ONR Branch Office
Attention: Mr. R. Lawson
1030 East Green Street
Pasadena, CA 91106

Office of Naval Research
Scientific Liaison Group
Attention: Dr. M. Bertin
American Embassy - Room A-407
APO San Francisco 96503

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps (Code RD-1)
Washington, DC 20380

Headquarters, Naval Material Command
(Code 0331)

Attention: Dr. Heber G. Moore

Washington, DC 20360

Head, Human Factors Division

Naval Electronics Laboratory Center
Attention: Mr. Richard Coburn

San Diego, CA 92152

Dean of Research Administration
Naval Postgraduate School
Attention: Patrick C. Parker
Monterey, CA 93940

Naval Personnel Research and Development
Center

Acquisition and Initial Service (Code 310)

Attention: Dr. Leonard P. Kroeker

San Diego, CA 92152

Naval Personnel Research and Development
Center (Code 305)

Attention: LCDR O'Bar

San Diego, CA 92152

Navy Personnel Research and Development
Center

Manned Systems Design (Code 311)

Attention: Dr. Fred Muckler

San Diego, CA 92152

Naval Training Equipment Center
Human Factors Department (Code N215)
Orlando, FL 32813

Naval Training Equipment Center

Training Analysis and Evaluation Group
(Code N-00T)

Attention: Dr. Alfred F. Smode

Orlando, FL 32813

Director, Center for Advanced Research
Naval War College

Attention: Professor C. Lewis
Newport, RI 02840

Naval Research Laboratory

Communications Sciences Division (Code 5403)
Attention: Dr. John Shore

Washington, DC 20375

Dean of the Academic Departments
U.S. Naval Academy
Annapolis, MD 21402

Chief, Intelligence Division
Marine Corps Development Center
Quantico, VA 22134




et St s Lot
.

IL i a R —— . - oo i

Department of the Army

Deputy Under Secretary of the Army
(Operations Research)

The Pentagon, Room 2E621
Washington, DC 20310

Director, Army Library
Army Studies (ASDIRS)
The Pentagon, Room 1A534
Washington, DC 20310

U.S. Army Research Institute

Organizations and Systems Research Laboratory
Attention: Dr. Edgar M. Johnson (PERI-OK)
1300 Wilson Boulevard

Arlington, VA 22209

Director, Organizations and Systems
Research Laboratory

U.S. Army Institute for the Behavioral
and Social Sciences

1300 Wilson Boulevard

Arlington, VA 22209

Technical Director, U.S. Army Concepts
Analysis Agency

8120 Woodmont Avenue

Bethesda, MD 20014

Director, Strategic Studies Institute
U.S. Army Combat Developments Command
Carlisle Barracks, PA 17013

Commandant, Army Logistics Management Center
Attention: DRXMC-LS-SCAD (ORSA)
Ft. Lee, VA 23801

Department of Engineering
United States Military Academy
Attention: COL A. F. Grum
West Point, NY 10996

Chief, Studies and Analysis Office

Headquarters, Army Training and Doctrine
Command

Ft. Monroe, VA 23351

Commander, U.S. Army Research Office (Durham)
Box CM, Duke Station
Durham, NC 27706

Department of the Air Force

Assistant for Requirements Development
and Acquisition Programs

Office of the Deputy Chief of Staff for
Research and Development

The Pentagon, Room 4C331

Washington, DC 20330

Air Force Office of Scientific Research
Life Sciences Directorate

Building 410, Bolling AFB

Washington, DC 20332

Commandant, Air University
Maxwell AFB, AL 36112

Chief, Systems Effectiveness Branch
Human Engineering Division
Attention: Dr. Donald A. Topmiller
Wright-Patterson AFB, OH 45433

Director, Advanced Systems Division
(AFHRL/AS)

Attention: Dr. Gordon Eckstrand

Wright-Patterson AFB, OH 45433

Commander, Rome Air Development Center
Attention: Mr. John Atkinson

Griffis AFB

Rome, NY 13440

IRD, Rome Air Development Center
Attention: Mr. Frederic A. Dion
Griffis AFB

Rome, NY 13440

HQS Tactical Air Command

Attention: LTCOL David Dianich
Langley AFB, VA 23665

Other Government Agencies

Chief, Strategic Evaluation Center
Central Intelligence Agency
Headquarters, Room 2G24
Washington, DC 20505




T P —————

Director, Center for the Study of
Intelligence

Central Intelligence Agency

Attention: Mr. Dean Moor

Washington, DC 20505

Office of Life Sciences

Headquarters, National Aeronautics and
Space Administration

Attention: Dr. Stanley Deutsch

600 Independence Avenue

Washington, DC 20546

Other Institutions

Department of Psychology

The Johns Hopkins University
Attention: Dr. Alphonse Chapanis
Charles and 34th Streets
Baltimore, MD 21218

Institute for Defense Analyses
Attention: Dr. Jesse Orlansky
400 Army Navy Drive
Arlington, VA 22202

Director, Social Science Research Institute
University of Southern California
Attention: Dr. Ward Edwards

Los Angeles, CA 90007

Perceptronics, Incorporated
Attention: Dr. Amos Freedy
6271 Variel Avenue
Woodland Hills, CA 91364

Stanford University
Attention: Dr. R. A. Howard
Stanford, CA 94305

Department of Psychology
Montgomery College

Attention: Dr. Victor Fields
Rockville, MD 20850

Director, Applied Psychology Unit
Medical Research Council
Attention: Dr. A. D. Baddeley
15 Chaucer Road

Cambridge, CB 2EF

England

Decision Analysis Group

Stanford Research Institute
Attention: Dr. Miley W. Merkhofer
Menlo Park, CA 94025

Human Factors Research, Incorporated
Santa Barbara Research Park
Attention: Dr. Robert R. Mackie
6780 Cortona Drive

Goleta, CA 93017

Wharton School

University of Pennsylvania
Attention: Dr. H. L. Morton
Philadelphia, PA 19174

Decision Research
1201 Oak Street
Eugene, OR 97401

Department of Psychology
University of Washington
Attention: Dr. Lee Roy Beach
Seattle, WA 98195

Analytics, Incorporated
Attention: Mr. William Martin
7405 Colshire Drive, Suite 200
McLean, VA 22101

Eclectech Associates, Incorporated
Attention: Mr. Alan J. Pesch

Post Office Box 179

North Stonington, CT 06359

Department of Electrical and Computer
Engineering

University of Michigan

Attention: Professor Kan Chen

Ann Arbor, MI 94135

Department of Government and Politics
University of Maryland

Attention: Dr. Davis B. Bobrow
College Park, MD 20747

CACI, Incorporated-Federal
Attention: Dr. Bertram Spector
1815 North Fort Myer Drive
Arlington, VA 22209




| Department of Psychology

« Hebrew University
Attention: Dr. Amos Tversky
Jerusalem, Israel

Dr. T. Owen Jacobs
P.0. Box 3122
Ft. Leavenworth, KA 66027

Dr. Gary Ireland
500 23rd Street, NW - Apt. B30l
Washington, DC 20037

Dr. Andrew P. Sage

School of Engineering and Applied Science
University of Virginia

Charlottesville, VA 22901

Professor Raymond Tantor
Political Science Department
The University of Michigan
Ann Arbor, MI 48109




availability in frequency estimation appeared to be guite complex..d
L, - - DD 5O8%. 1473, EDITION OF ! NOV 6815 OBSOLETE - CLASSIFIE YO e

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS

1. REPORT NUMBER ? 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

8. TLILE (and.Subiisde) -—stgeo

DIRECT MEASURES OF AVAILABILITY AND ! / /Technlcal }epz;t
ngGMENTS OF CATEGdﬁYégBEQUENCY (‘ J

6. PERFORMING ORG. REPORT NUMBER

&~ e arA—

g s

——— ; 3 ]-8. CONTRACT OR GRANT NUMBER/ <
Rut%,geyth—Marom§ Hebrew University, / e S
¢ Jerusalem ' ‘&00014—7§-C-207{, _J
Baruch/Fischhoffj Decision Research ’f i ol 1\

V S BERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. pROJECl RSk
Fbo - NIT_NUMBER!
Decision Research Ve a

A Branch of Perceptronics ARPA Order di@e--3052

1201 Oak Street, Eugene, Oregon 97401
11. CONTROLLING OFFICE NAME AND ADDRESS

Defense Advanced Research Projects Agency|

1400 wWilson Blvd. *~NUMBER OF F f‘“’"ﬂ“,
Arlington, Virginia 22217 22 (2) Roy.
T4. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) | 15. SECURITY CL ASS'_fI’I:_:_s—:;:L_J

Office of Naval Research, Code 455 Unclassified
800 No. Quincy Street
Arlington, Virginia 22217 T2 DECLASSIFICATION DOWNGRADING

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if dillerent from Report)

18. SUPPLEMENTARY NOTES

NONE

19. KEY WORDS (Continue on reverse side if necessary and identify by dlock number)

Estimation
Probability
Memory
Heuristics

20.\ TRACT (Continue on reverse side if necessary and identify by block number)

\g%versky and Kahneman (1973) have proposed that people judge the
numerosity of categories by the availability of category instances.
The present study tests this hypothesis using several direct
measures of availability for lexicographically defined categories
(e.g., "How many countries are there beginning with the letter ")
Although these availability measures were successful in predicting
some estimates, including several judgment errors, the role of

PR T




e s

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

26\ (Continued)

\

A number of possible confounding factors are discussed._

\




