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Acquiring knowledge froa a map depend. upon pro-
cedure. for focusing attention , encoding information ,
and integrating diverse knowledge. This paper describes
the heuristics people use to study and learn maps. Ver—
bal protocols obtained from eight subjects suggested
four’ categories of procedures that were invoked during

• learning: attention, encoding, evaluation, and control.
The use of certain heuristics in each category was
highly predictive of learning success. Good learner’s
differed fro. poor learners in their ability to encode
spatial information, to evaluate their learning progress,
and to focus their’ attention in accordance vith a learn—
ing plan. Many of the successful heuristics appear to
be readily trainable.
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PREFACE

This paper was prepared for presentation at the Sixth

International Joint Conference on Artificial Intelligence , to be

held in Tokyo , Japan , in August 1979 . The research sumaarized

here was funded by the Office of Naval Research under Contract

N00014-78-C-0042 . It is reported in more detail in Rand Report

R’-2375-ONR , Individua l Differences in Knowledge Acquisition from
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SUMMARY

- Acquiring knowledge from a map depends upon procedures

for focusing attention, encoding information, and integrating

diverse knowledge. This Note describes the heuristics people use

to study and learn maps. Verbal protocols obtained from eight

subjects suggested four categories of procedures that were

invoked during learning: attention, encoding, evaluation, and

r control. The use of certain heuristics in each category was j 
-

highly predictive of learning success. Good learners differed

from poor learners in their ability to encode spatial

information , to evaluate their learning progress , and to focus

their attention in accordance with a learning plan. Many of the

successful heuristics appear to be readily trainable.
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: I .  INTRODUCTION

Any image processing system, whether human or machine ,

must translate the information in the sensory display into a

meaningful internal description of the sensory image [1, 3].

This paper investigates how humans acquire knowledge from

geographic maps . Artificial intelligence studies of map learning

(21 have emphasized the use of cartographic knowledge to guide

segmentation and interpretation of map features . The present

study, in contrast, focuses on the high-level procedures that

people use to select, combine , and encode map information in

memory . I shall refer to these procedures as heuristics to

emphasize the variety of available techniques and the lack of

prescr iptive learning methods. The research goal is to develop a

theory of expertise in map learning by analyzing differences

between good and poor learners in terms of differences in their

learning heuristics.

I

I
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I I .  THE KNOWLEDGE ACQUISITION PROCESS

Figure 1 schematizes the knowledge acquisition process.

The maps used in this study contain a variety of conceptual

“elements” (e.g.,  buildings , roads , parks) .  Each element has

both spatial extent (shape and location relative to adjacent

elements) and a linguistic label. Because map learning is an

active, intentional process, it resembles a problem-solving task.

The goal state corresponds to a complete memory description of

the map (shown at the top of the figure), and the problem-solving

operators are the heuristics the learner applies to produce the

memory representation . These heuristics regulate the flow of

info rmation and determine how it will  be encoded in memory .

Atteational heuristics restrict the set of informa tion on

the map that the learne r focuses on at any point in time, as

illustrated in the lower portion of the figure. Encoding

heuristics elaborate the information currently in focus and

integrate it with other information from the map and knowledge

already in memory . For example , one such procedure (P 2 1 )  might

form a semantic association between the names Aspen Road and

Forest Road using knowledge about their comon property, “trees.”

Since the processing capacity ( i .e . ,  the upper bound on

processing effort , size of working memory , co unication channel

capacity, etc.) is limited (4 ) ,  only a subset of the available

procedures are concurrently active . Therefore , control

heuristics oversee the selection , activation , and schedul ing of

competing encoding and attentional procedures .
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II I .  ANALYSIS OF LEARNING HEURISTICS

To identify the heuristics tha t people actually use ,

Cathlee n Stasz and 1 (5 1 collected verbal protocols from eight

subjects attempti ng to learn real maps. On each of six trials ,

subjects would f irst  study a map for two minutes and then attempt

to reconstruct the map from memory . During the study period ,

subjects thought out loud , describing their attentiona l focus ,

their study heuristics , and their evaluations of their learning

progress.

Four general types of processes emerged from the

protocols: attention, encoding , evaluation, and control. These

processes and the heuri stics subjects used to implement them are

described briefly below .

Attentiona l processes included those by which subjects

restricted eye fixations to a particular subset of the map (focus

of attention) and shifted their focus of attention to a new

location (attention switching). Two types of t~ttentional

heuristics were observed . The first of these , partitioning, was

a procedure for focusing attention on a subset of the map

information. Since a map contained too much information to be

assimilated on any one trial , partitioning the map enabled a

learner to attend selectively to a well-defined aspect of the

map. Subjects partitioned the map either by (a) spatial region

(e .g . ,  by attending only to elements in the north of Market
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St reet) or by (b) conceptual category ( e .g . ,  by attending only to

the st reets on the map).

The second type of attentional process comprised sampling

heuristics. These • cedures determined shifts in a subject ’s

focus of attention among various map elements. Systematic

L sampling invol%ed shifting attention according to a subject-

defined algorithm (e.g. ,  studying elements from west to east) .

Stochastic sampling involved shifting the focus of attention to

an inmiediately adjacent element, but in no systematic or

consistent direction. In random sampling, the focus of attention

jumped haphazardly around the map , with the new focus seemingly

independent of the previous focus in both location and content.

Memory-directed sampling occurred when a subject decided to study

particular elements that had not yet been learned . For example ,

at the beginning of a new study trial, a subject might study the

location of a river because she or he could not remember it on

the previous recall trial.

t
When information was in a subject’s focus of attention,

va rious heuristics could be used to elaborate and encode the

information in memory. These heuristics may be divided into

those that operated primarily on verbal or linguistic information

and those that operated primarily on shapes and location

information.

Three verbal learning heuristics were observed . Counting

j helped subjects to cluster several elements sharing a particular

property (e.g., “there are two parks on Victory Avenue”).

-—— —- —.------ - - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Mnemonics were used to generate easily memorable retrieval cues

for a set of names , such as “BUD,” the order of the three

structures on Market Street (bank , undertakers , and department

store). The association heur isti c involved the elabora tion of

the map information by association to or embellishment with some

related prior knowledge. For example , one subject noted that

Forest and Aspen Roads were both names for “trees .”

Similarly, several heuristics for learning spatial

information were observed. Visual imagery was a learning

technique in which subjects constructed mental images of portions

of the map. During study, some subjects closed their eyes and

attempted to draw shapes or name elements in a mental image and

reported attempts to form a mental picture of some portion of the

map. !~~jJ~g involved the generation of a verbal label for a

complex spatial cesfiguration . For example , a subject might

notice that the three streets in the northwest corner of the map

resembled the mathematical symbol pi. In pattern encoding, a

subject would notice a particular low-level shape or spatial

f eature of an element, such as Victory Avenue curving to the

east. Finally, the relation encoding heuristic refers to the

creation of a spatial relation between two or more elements . For

example , one subject stated that Victory Avenue is “below the

golf course” and is “parallel to Johnson .”

The third type of process evident in the protocols was

evaluation. Subjects would monitor their learning progress by

considering what they had already learned and what they sti ll

needed to study . In particular , they would focus on an element

_ _ _ _ _ _  
L
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and then determine whether or not they had learned it well enough

to r ecal l  i t later.  This evaluat ion requ i red a search and

retrieval of information from memory and a comparison of that

Info rmation to the representation on the map of the target

element. When subjects decided they had not learned the

information , they might then decide to study the element using

one of the elaboration heuristics.

Finally, control or executive processes presumably

directed the overall flow of processing. Since processing

capacity is limited , only a subset of the processes can be active

simultaneously. The control processes include a mechanism for

selecting from a set of available heuristics those to be

activated (selection) and a mechanis, for deciding when to

deactivate a heuristic and switch to a new one (switching). For

example, several subjects began to study a map with an

unrestricted random-sampling heuristic and then switched to a

more selective partitioning heuristic.

_  —u
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IV. ANALYSIS OF INDIVIDUAL DIFFERENCES

For each subject, the accuracy of the maps reproduced

after each of the six study trials was computed as the proportion

of map elements whose name and location were correctly recalled.

Performance ranged widely, from 94% of the map elements correct

after only four trials to 39% correct after six trials.

The protocols of the successful learners (three subjects

who recalled at least 90% of the elements correctly) were

directly contrasted with those of the other five learners. For

each subject, the number of occurrences of each heuristic in the

subject’s six study protocols was computed . While subjects did

not vary in how !~~~ 
heuristics they used, they did vary in which

heuristics they used. The major differences between good and

poor learners’ use of heuristics are su arized below for each

processing category.

Attention. When good learners used the partitioning

heuristic, it was acccompanied by either systematic or stochastic

sampling. Once they had decided to focus on a defined subset of

the map information , they would sample only elements in the

partitioned set. In contrast, poor learners either (a) did not

use the partitioning strategy , (b) used random sampling to

accompany partitioning , or (c) were unable to restrict attention

to elements in the partitioned set.

On later trials , when the basic framework of the map had

been learned, good learners relied on memory-directed sampling to

-

- ~~~~
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determine their focus of attention . That is, good learners knew

which details were as yet unlearned and searched for and focused

on tha t particular information. Their heuristic for selecting

attentional focus was thus goal-directed. Poor learners, on the

other hand, rarely used this sampling heuristic.

Encoding. All subjects successfully learned the

linguistic information; however, subjects varied in their success

at learning the spatial information . Effective learners used

frequent and varied spatial-learning heuristics , while poor

learners did not. Good learners reported constructing in memory

and rehearsing a visual image of the map . They would also refine

their knowledge of spatial location by noticing and encoding

explicit shapes (pattern encoding) or spatial relations (relation

encoding) among two or more map elements . These heuristics were

used significantly more often by good learners than by poor

learners . Poor learners frequently reported that they could not

think of a technique for learning the spatial information in

their focus of attention.

Evaluation. All learners extensively evaluated their

learning progress after each recall trial , but both the accuracy

and content of subjects ’ evaluations differed between good and

poor learners. An evaluation resulted in a decision that the

subject either did or did not “know” the eva luated information.

Good learners evaluated primarily unlearned elements (82% of all

evaluation statements), ignoring information they had already

learned . Poor learners evaluated a significantly smaller

proportion (62%) of unlearned elements, and instead spent some of

E~~~~ ____
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their study tine confirming that they knew certain information .

As noted above, good learners appeared to be goal-directed during

studying. They would bring to each new learning t r i a l  knowledge

of what information they had not yet learned , find that

information on the map and then study it using an appropriate

encoding strategy . Poor learners seemed more data-driven : they

would fi rst focus on a randomly sel ected map element and then

evaluate the element in memory to decide whether or not it bad

been learned .

When subjects assessed whether or not they knew an

element , they could be either correct or incorrect in the

evaluation. (Accuracy was assessed by comparing the subjects ’

statements about the elements with the accuracy of the

reproductions on the previous trial.) Good learners were

significantly more accurate in their evaluations (96% correct)

than poor learners (82%) . Tha t is , good learners were superior

at determining their current state of learning and “knowing what

they know .”

Control. When good learners adopted a particular

heuristic , they would continue to use it until it had achieved

its purpose . For examp le, when good learners used partitioning ,

they would sample only information in the partitioned set until

all elements had been considered . In contrast , poor learners

frequently abandoned this heuristic abruptly and prematurely.

This typically occurred when subjects could think of no heuristic

for learning the sampled information.

T~~~~~~~~~~~~~~~~
- - .   
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Poor learners also failed to select and use heuristics

effect ively following evaluations . When a decision had been made

that an element had not yet been learned , good learners

i ediat.ely studied the element . However , poor learners would

frequently shift their focus of attention to a new element

without studying the unlearned information . 

— -—-~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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V. CONCLUSIONS

These analyses suggest that the use of powerful

heuristics is principally responsible for differences in learning

success. We have completed another study that demonstrates

directly the ut i l i ty of using these heuristics (6 ) .  Three groups

of subjects, equivalent in map learning ability , were given

differential training in the use of learning heuristics. One

group learned six of the effective heuristics reported here:

three spatial-learning strategies (imagery, relation encoding,

pattern encoding), two feedback-monitoring strategies

(evaluation, memory-directed sampling), and partitioning. A

second group learned six heuristics that were uncorrelated with

• learning success. The third group received no instruction.

Subjects trained to use effective heuristics improved their

performance on a new nap significantly more than subjects in the

other two groups. Further, the magnitude of the improvement was

a function of the frequency with which subjects used the trained

heuristics .

These studies exemplify a growing body of research in

cognitive studies of expertise and individual differences.

Psychologists are beginning to view expertise as a collection of

well-tuned information processes that combine to produce complex

task performance. This analytic approach has, of course , been

successfully applied in the contruction of knowledge-based Al

systems. Based upon the early successes of this approach in

-
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cognitive psychology , it would appea r to have a promising f uture

in that area as well. 
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Chief of Naval Education ard

Tra in in 9
Code N -S
Naval Air Stat ion
Pensacola , Florida 32508

- -~~~~- ,‘ - - _~~~~~ _ ___ _ -~~_*_• .—

________ 
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33 14000—3 14303 Director , P6D Plans !~iv. (NOP—987)Office of Research , Develc~irent ,Test 6 Eval uation
OUice, Chief of Naval Operations

— 
FOR Pr. Robert Smith

314 Dr. Alfred F. Smode
Training An alys i s  & !valuation

Group (TAFG)
Departmen t of thø Navy
Orlando , Florida 32813

35 4100—C9000 Technicil Informat ion Division
(Code 813)1)

N a v a l  A i r  t .vølopment Center
W a r m ir s t e r , Pennsy lvan ia  189714

— FOR Cdr . Charles J. Theisen,  Jr.

36 ~000—5503 3 Naval Ocean Systems Center
— Research Library, Code 447~B

FOR W . Gary Thomson

DEPARTMEN T OF THE A R M Y

.37 ART Field Unit-Leavenworth
P. C. Box 3122

• Port Leivenworth , Kansas 66027

• 38 Office, CCS/Operat ions
• USAA REUR Cir~ctor of G PO

Eq USARFU E 6 7th Arm y
AP O New York C9403

39 3300—C0600 U.S . Arm y Infan try School library
For t Eerrinq, Georgia 31905

FOR Capt. Ilinton , AT SH-t-~ —IT

-

-

- _____
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*0 U. E. Arv y Research t n st i t v t o
500 1 !is~ n hower Aven u e
A l exandr i a , Vi rg in ia  22333

FOR t r .  James Raker
FOR Lr. Ralph Dusek
FOR Cr. Frank J. Harris
FOR Cr. A. Hyman
FOR Cr. Ed Johnson
FOR Cr. Hilton S. Katz
FOR Cr. Harold F. O’Neil , Jr.
FOR Cr. Joseph Ward
FOR Jack Farrell
FOR Lana Id Wei tzman

*1 Dir~ctot, Training DeveloFeentU.S. Army Administra tion Center
Attn: Dr. Sherrill
Pt. B e n j a m i n  Harrison ,
Indiana *621R

D E PA RTMEN T OP TN! AIR FCRCI

*2 2303—85700 Advanced Syste.i’i Division IAS)
Air Force Huma n R~ souitces
Labcri tory, USC

•OR Cr. G. A. ~ckstrand

*3 Dr. Alfred P. Pregly
Air Force Ctfic4 of Scientific

Res~ arcb, NL, Bldg. *10
Rolling AP R
Vaahinqton , r. C. 2033?

‘4* 2303— 86100 A? H u m an Resources Laboratcry . USC
Techn ical Training Divistor
Lowry APE, Colorado 8023fl

FOR Cr. Marty Rockway

*5 2303— 86200 Flying Training flivision (PTJ
AF Human Resources Laboratcry, USC
Williams AFB, Arizona 8522*

FOR Cdt. Mercer
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*6 2305—02500 Research Branc h (MFCYPR)
Eq .  U Ma npowe r f~ Per sonnel  Center
Randol ph API). Texas 781*8

‘47 Mdi . trier K. ~Ia’ersChief , Instructional Tech. Branch
A ’ Eunan Rus~~~~’s Labotatcry
Lowry AF O , Cnlorado 80230

DEPARTMENT OP THE MARINE S

• C ir ectot , OtfIce of ManpOwer
U t i l t ’a t i o n

Eq Marine Corps (MPh )
BCB , P11g. 2C0~
Quartico, Virginia 22134

49 Dr. A. I. Slifko~ikyS c i e n t i f i c  A t v i s o r  (Cod. RI—i )
Eq U.S. Mari’~e Corps
Washin~ tcn, o. c. 20380

DEPART HEPT OP THE COAST (
~UA R C

50 Mr . Jcsø~ h J. C~ win, ChiefPsychoI~ qicaL Research (G-P-i/62)
U.S. Coas t Guard Eq
Washinqtcn , D. ~~. 20590

D!PARTM ’!NT OP DEFENSE

• Si 1100—C500) Cefenso Advanced Research crolect.
Aqerc y

Attn: Frc~1 A. Koether

FOR Cr. Dex~er Ftetch.rFOR Cr. Stenhan Andricle

52 Mili tary Assist~ant for Hua*nRescurces
Office o( th,t Under Secretary of

Defense for ~es~ arch ~ !rgin.ering
Washington , C. C. 20301

53 D ir~ctot, Pes~ ar ch ~ DataO f f i c e , Asst. Secretary of Defense
(Hanpcw ~ t, R~ sarve Affairs and

Logist ics)
Washin gton , C. C. 20301

— — — —~~~~~~~
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OTHER GOVERNMENT AGENCIES

54 5800—61000 Central Intelligence Agency

FOR Cr. Joseph M a r k o w i t s

55 Basic Skills Program
National Institute of Education
1200 19th Street, N.V .
Washington. C. C. 2020R

FOR Cr. 1homa~ G. StichtFOR Er .  Susan Chipman
FOR Lawrence Erase

56 Dr. Joseph L. Young, Director
Memory ~ Cognitive Processes
National Science Foundation
W a s h i n g t o n , C. C. 20!50

56a 1300-01000 Defense Documentation Center 12
NCK—GOV FRN RENT

57 Professor Earl A . Allulsi
Depar tment of Psychology
Code 287
Old Dovinion University
Norfolk , Virginia 2350R

58 Dr. John P. Andersen
Department of Psychology
Carnegie—Mellon University
PittsLurqh , Pennsylvania 1521 3

59 Dr. Michael Atwoo d
Science Applications Institute
NO Denver Tech. Center West
793~ P. Erentice Avenue
!nqlewood , Colorado 80110

60 1 Psychological Research Urit
Dept. of Defense (Army O f f i c e)
Campbell Park Off ice
Canberra , ACT 2600
AU SIP AL ! A
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61 Dr. Nichclas A. Bond
Dept . of p~j ycholoq y
Sacrauento State College
600 J a y  Street
Sacrai rento , c a l i f o r n i a  95819

62 Dr. L yle Pourne
Depart irent  of Psychology
Universi ty of Colorado
Boul der , Colorado 80302

• 63 Dr .  J ohr  Seeley Brown
Bolt P er anek  & ~Iewnan , Inc.• 50 rcul ton Street
Cambridge , Massachusetts 02138

614 Dr.  John P . Carroll
Psych cwet r ic  Lab
Univ. of North Carolina —

Davie Hal O11A
Chape l Hill , North Carolina 27514

65 Cr. William Chuse
Depar tment of Psychology
Carre gi~ -Mellon UniversityPit ts~ ur q h , Pennsylvania 15213

66 Cr. Michelin ’ Chi
Learnin g R&C Center

• U n i ve t s i t y  of P i t t s b u r g h
3939 C ’H a r a  St reet

• P i t t sb u r g h , Pennsylvania  15213

67 Dr. Allan N. Collins
Bolt Feranek & Newman , Inc.
50 Moulton Street
Cambridge, Massachusetts 02138

68 Cr. John .3. Collins
Essex Corpora t ion
201 N. ~airfax StreetAlexan d ria , Virginia 2231*

69 Cr. Meredith Crawford
5605 Pontgo irery  Street
Chevy Chase , Maryland 20C15

_ _ _ _ _  - - . • , ~~~~ 
-
~~~~
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70 Dr. Ruth Cay
Center tcr Advanced Stud y in

Behavioral Sciences
202 Junipeto Serra Blvd.
Stanford , C a l i f o r n ia  9 14305

71 Dr. H u b e r t  D r ey f u s
Depar tmen t of Psychology
Uni versity of California
Berkeley, California 94720

72 Major I. N. Evonic
Canadian Forces Pers . Appl i ed

Research
1107 Avenue Road
Toronto, Cntario
CANAD A

73 Cr. Ed Peiqenbaum
Dept. of Computer Science
Stanfcrd Un iversity
St a n f o r d , California 914305

7* Dr. Victor Fielis
Dep t .  of  Psycholog y
Non tqcmery College
Rockville, Maryland 20850

75 Dr. Edwin A. Fleishman
Advanc~ I Research Resources Orgr .
4330 East West uighway, Suite 9CC
W e sh i r q ton .  C. C. 20C14

76 Dr. John P. Fre Ier iksen
Bolt F eranek  & New ma n , Inc .
50 Moultcn Street
Cambridge , Massachusetts 02138

77 Ct. Rcbert (‘~laserLR C C
Uni vers i ty  of P i t t sbu rgh
3939 O ’H a t a  Street
Pittsbur gh, Pennsylvania 15213

78 Dr.Ira Goldstein
Xerox Palo Alto Research Center
3333 Coyote Road
Palo Alto , California 94304

• • ••~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -~~
-• 

~~~—~~~~~~~~~~
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~~~~~~~-
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79 Dr. Jants U. Greeno
L P DC• University of Pittsburgh
3939 C’V$ara Street
Pittsburgh , Pennsylvania 15213

80 Cr. Ron I$aaLleton
Schcol of Education

• University of Massachusetts
Amherst , Massachusetts 01002

• 81 Dr. Richar d S. Hatch
Decision Systems A ssn . ,  Inc.
350 Pcr tune ‘errace
Rockville , Marylan d 20854

82 Cr. Jaires P. Hoffman
Department of Psychology
University of Delaware
Neward , telaware 19711

83 Libra ry
• HuwRRC,Western Division

27851 Betwick  Drive
Carnal , California 93921

81$ Cr,  E a r l  H u n t
Dept . of Psycholog y
Universi ty of Washinqtcn

• Seattle, washington 98105

• 85 Mr. Gary Irving
Data SciencAs Division
Technology Services Corporation
2811 Wilshire Blvd .
Santa Norica, California 90403

86 Cr. Lawrence B. Johnson
Lawrcrce Johnson & Assn., Inc.
Suite 5’~2200 1 S Street , N. W .
Washington , C. C. 20009

• 87 Dr. Arrold P. ~anarickHoneywell , Inc.
2600 E~idçevay Pkwy
Minneapolis , Minnesota 55(113

‘.4 
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88 Dr. Steven W. Keele
Dept. of Psychology
Unive r s i t y  of Oregon
Eugene, Cregon 97*03

89 Dr. Walter Kintsch
Departmen t of Psychology
University of Colorado
Bould er, Coloralo 80302

90 Dr. t a v i d  Kieras
Depar tment  of Psychology
Univers i ty  of Arizona
Tucson, Arizon a 85721

91 Mr. Marlin Kroger
1117 Via Goleta
Palos Verdes Estates, CA 90274

92 Lt. Ccl. C.P.J. Latleur
Personnel Applied Research
National Defense Hqs
101 Colonel By Drive
Ot t awa
C A N A D A  E1 A 0K2

93 Dr. Jill Larkin
SESAME
c/o Physics  Depar tment
U n i v e r s i t y  of Cal i fornia
Berkeley, California 94720

9* Dr. Rober t  B. Mackie
Human Factors Research, Inc.
6780 Cottons Drive
Santa Barbara Research Park
Goleta, California 930 7

95 ~r. Mark MilletMassachusetts Inst. of ~ecbnoloqy
Artificial Intelligence Lab
514 5 Tech Square
Cambridge , Massachusetts 02 13~

96 Dr. R icha rd  B. Mil ivard
Dept . of Psycholog y
Hunter Lab.
Brown University
Providence , Rhode Island 029 12

_ _ _ _  ~~~~~~~~
-
~~~~ - —~~~~
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97 Ct. Corald A. Norman
Dept.  ot Psycholog y c—009
U n i v er s i t y  ~f Ca l i fo rn ia
La Jolla , Cal i fo rn ia  92C93

98 Cr.  Jerse Orlansky
Institute for Defense Analy sis
400 Am y—Nav y Drive
Arlinqtcr , Virginia 22202

99 Dr. Seymour A. Papert
• Nas~achusetts Inst. of technology

Ar tificial Intelligence Lab
545 Tech Square
Catn bridqe , Massachusetts 02139

100 Mr. Luiql Petrullo
24.fl N. !dqewood Street
Arlin qtcn, virginia 22207

101 Dr. Pe$cr Poiqon
Dept. of Psycholog y
Univetsi ty of Colorado
B o u l d e r , Colorado 80302

102 Cr. Diane N. Ram sey—Klee
P—K Res earch S System Design
394 7 ~idgeiront DriveMalibu , C~lifornia 90265

103 Cr. Peter B. Read
Socia l Science Research Counci l
605 Third Avenue
New York , New Yor( 10016

101$ Dr. Mark C. Reckase
E du c a t i o n a l  Psychology Dept .
Universi ty of Missouri
12 Hill P~illCo l u m b i a , Missouri 65201

105 Dr. Fred Reif
SESAME
c/o Physics Departn~entUniversity of California
Berkeley . California 9*720

_____ - —
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106 Dr. Joseph N. Rigney
Universi ty ot Southern California
Behavioral Technology Labs
3717 South Hope Street
Los A ngeles, California 90C07

107 Dr. A n d r e w  N . Rose
American Insti tutes for Research
1055 Thomas Je f ferson St . ,  N . W .
Washington, C. C. 20C07

108 Cr. Ernst Z. Rothkopt
Dell  Lat crato r ies
600 N cu n t a i n  Avenue
Murra y Pill, New Jersey 07974

109 Professor Pumiko ~amejimaDept. of Psycholog y
University of Tennessee
K n o x v i l l € , Tennessee 379 16

110 Dr. Walter Schneider
Dept. of Psychology
University of Illinois
Chanpaign, Illinois 61820

111 Dr. Allen Schoenfel4
SESAMP
0/0 Physics Department
University of California •

Berkeley, California 94720

112 Dr. Robert Singer, Director
Motor Learning Research Lab
Plorida State University
212 M cntqcwery  Gym
Tal lahaFsee , Florida 32306

113 Dr. R i c h a r d  Snow
Schoo l ot Education
Stanfcrd University
Stanford , California 94305

111$ Dr. Robert Steznberg
Dept. of Psychology
Yale Uriversity
Box h A , Yale Station
New Haver ,  Connecticut 06520

~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ — — — 
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115 Dr . Albe rt Stevens
Dolt  E er an ek  & Ne wm an , Inc .
50 Moulton Street
Cam~rid qe , ~jassachusetts 02138

116 Cr.  P a t r i c k  Suppes
Institute for Mathematical

Stulies in the Social Sciences
Stanfcrd University
Stanford , California Q8305

• 117 Dr. Kikuir i Tatsunka
Computer Based Education Res.arcb

Labcra tory
25’ Engineering Research Laboratory
Universi ty of Illinois
Ur bana , I l l ino is  6180 1

118 Dr .  B en t o n  J. Underwood
Dep t .  ot Psychology
Northwcst3rn University
!vans tor , Illinois 63201

119 Dr .  T h o n a s  Wal l s ton  d

Psychcmetric Laboratory
Davi~ Hall 013k
Universi ty of Nort h Carolira
Chara l Hill, North Carolina 27514

120 Dr. Claire ‘ . weinstein
Elticatina l Psychology Dept.

• Universi ty of Texas
Aus tir, lexas  78112

121 Dr. David J. Weiss
~~~~ E l l i o t t  Ha l l
University of Minnesota
75 E . ~ iver  Road
M i n n e a p o l i s , M inne sota 55455

122 Dr.  Susan F . W h i t e l y
Psychology Department
University of (ansas
Lawrence, Kansi3 6 044

ii

3 !
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123 Carnegie-Mell on Univ ersity
Psy cholo gy  Department
Pittsburgh , Pennsylvania 15213

POE H e r b e r t  Simon
POE ~i ch a r d  Hayes
FOR M a r l l ,~n Mantei
FOR Fob Neches

12* Stantcrd University
Computer Science Department
Stanford , calitornia q4305

FOR Mark Stetik

125 Dr . Steve Koss l yn
Depar tmen t of Psychology
Harvard University
Wil l i a m Ja mes  Hall
33 Kirkland Street
Cam~rid qe , rnassachusetts 02138

126 Dr. Steve Palmer
Depar tm ent  of Psychology
University of California
Berke ley, California 94720

127 Dr. Geoff toftus
Departwe, t of Psychology
Uni ve r s it y  of Wash ington
Seat tle, Vashin~jton 98195

128 Dr. Judi th Reitman
Depar tment of PsychologY
U n i v e r s it y  of N ich iqan
Ann Ar bor , Michigan *81044

129 Dr.  M i c h a e l  Fr i end ly
Depar tment of Psycholo gy
York U n i v e r s i ty
Downsvi.w, Ontario
CANADA N3J 1P3

130 Dr. Ben Kuipers
Art ificial Intelligence Prclect
Massachusetts Inst. of Technology
5*5 1~ chnoloqy SquarnC a m b r i d g e , Massi~ch u s et t s  02 13~

~ T~ 
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131 ki ’os 1vci~~kyPsychcl~~ y Cnpartmc~rt
Stirtcr i University
S$ir t c,r~~, CaLi fornia 94305

132 Dr. Johr : ~1onjd€~iHiiw~ n P~ L it ~ri~anc€ Center
!J ivr% t~ i t v  ot M~ chiqan3~ 0 Pick~ rd lined
Ann A r tor , Michijan 48104

• 133 W j lI i~tn FLew c~r
Psvcol oqy Cepar tmc~nt
Univets ity of Illinois
Ch~tlT p~iiqr, IlLinois 61820

134 G q r hv t~epartrr~ ntPenrsy lv ani i State Ur iversity
Unive rsity P~trk , Penr .sylvaria 16P02

FC~ tc~tcr Goult
FOR Foqcr Cown~

135 A l ex  C ieqE~l
Unive t~~ity o1 Eittsburgtt
39~~ C’ii~ ra Stre’~t
?i~~’ t ~u t q n , Pennsylvitnia 15213

136 P*~~ c kr (~~rT L1FRA R IFSI

.

________________________________________ 
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137 ADDRESSES
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