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INTRODUCTION

IThe proliferation of the scientific literature in recent years

has encouraged the application of computer technology to such

traditional human endeavors as information analysis and problem

solving. Within the biological sciences, for example, the knowledge

base reportedly doubles every five years (Ziman, 1980). As a result,

domain experts have become increasingly inundated with new

information.

Computer technology, particularly the field of artificial

intelligence, has been shown to hold considerable promise for dealing

with this problem. This has been especially true in the realm of

medicine where literature proliferation has become an immense problem

for the line physician. Consequently, it was appropriate that one of

the first successful knowledge based expert systems, MYCIN, was

' developed for specialized medical diagnosis and treatment (Shortliffe,

1976).

Prerequisite for effective use of intelligent machines such as

MYCIN is the design of user/machine interfaces that encourage user

acceptance and that optimize user/machine performance. Accordingly,

this paper describes empirical research investigating the cognitive

psychology of user interactions with the MYCIN system. This research

was performed in the context of a more general research program that

focused on advancing a general understanding of the psychology of user

interactions with intelligent machines and that also endeavored to

generate design principles that could lead to optimal user engineering

of future expert systems.
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The central theory of the current study is that a user's ability

to solve problems in conjunction with an intelligent system depends

upon the user's mental model of that system's operating processes.

strongly supported this idea. In the Lehner and Zirk experiments,

problem solving with a generic expert system, ERS, Embedded Rule Based

System (Barth, 1984) using a stock market game domain was shown to be

significantly enhanced by an accurate mental model of system

operation.

Although this mental model concept appeared to be supported by

the previous experiments, it acquired support within the confines of

.an artificial domain whereas the present study examined the impact of

mental model on problem solving performance within the domain of real

world medical consultations.

In the case of expert systems like MYCIN, mental model can be

understood in terms of two general categories: machine understanding

-' and content understanding. For instance, machine understanding refers

Lto recognition that (1) knowledge is encoded in rules, (2) rules tend

to be organized as inference networks, and (3) that the problem

solving processes are goal driven, (i.e., MYCIN selects a potential

diagnosis and then tests symptomology against medical laboratory test

results to confirm or disprove it.) Content understanding refers to

the extent to which the user knows the specific heuristics that have

been encoded into an expert system. In the present study, the impact

of mental model on the problem solving performance of domain experts

was investigated through the presentation of mental model -specific

instructional material in terms of machine understanding.
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METHOD

Subjects

Six second and third year medical students from Howard Medical

School and the George Washington University Medical School

participated as paid participants in the current study. The mean age

-: was 26 with a range of 24 to 30 years. None of the participants had

, prior experience with rule-based systems or computer aided problem

solving tasks.

Materials

A rule-based expert system, MYCIN (Shortliffe, 1974), was used as

the intelligent interface testbed for the current study. MYCIN is a

backward chaining heuristic medical consultation system that provides

advice to physicians on the diagnosis of bacterial infections and

appropriate drug therapy. The data base in this case is the physician

himself providing information in response to questions generated by

the program. The Mycin program contains several hundred rules with

attached certainty factors of the form "if premise then action" within

which, antibiotic treatment knowledge is encoded and against which the

patient's state and initial laboratory findings are tested. Rules

with matching conditions are subsequently executed and the final

result is a set of rank ordered therapy recommendations.

The MYCIN system consists of three interrelated programs. An

overall diagram of MYCIN and the relationship between the component

programs is shown in Figure 1.
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The Consultation program serves as the core of the system; it

interacts with the physician to obtain information about the patient,

generating diagnoses and therapy recommendations. The Explanation

program provides explanations and justifications for the program's

actions while the Knowledge-Acquisition program allows domain experts

to update the system's knowledge base.

MYCIN is written in Interlisp-D and currently runs on Digital

Equipment Corporation DEC System-20 computer systems using either the

VMS or UNIX operating systems.

For the present study, an APPLE IE computer was remotely linked

to MYCIN at Stanford Medical Center's SUMEX-AIM computer via TYMNET.

Experimental Design

The two levels of the independent variable were (1) mental model

and (2) no mental model. The dependant measure was task performance

as measured by the number of system queries used for each of the four

problems. Subjects in the mental model condition received as part of

their instructions a written and illustrated description of rules,

inference networks and backward chaining procedures. This section

described the structure of a general inference network, explained how

the MYCIN system identified goals, intermediate hypotheses, and data

items, and chained up and down the network to obtain degree of

certainty values for each goal. Included in this section was a

- - pictorial display of an inference net and a simple example of its

operation. By working through this section, the user presumably

developed a mental model of how the expert system solved problems.

Subjects in the no mental model condition were only afforded a cursory

explanation concerning machine knowledge.
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Test Bed Domain

The experimental domain was a medical consultation system, MYCIN.

Task problems were constructed by creating four completed consultation

sessions for which a number of heuristics were employed by MYCIN to

* generate diagnostic heirarchies and their accompanying treatment

recommendations (a sample MYCIN consultation is contained in appendix

A). Thus, for each of the four problem's set of rules, there was only

one rule responsible for the primary diagnosis and it was that rule

the subject was instructed to find.

Procedure

Subsequent to reading a description of the experiment, subjects

received the instruction booklet pretaining to their particular mental

model condition assignment. These instructions specified the

objectives, procedures, and requirements of the problem solving task.

i Subjects were seated at a table directly in front of the terminal with

*. ample space to arrange their individual work sheets. Upon completion

of the experimental booklet, the subjects were afforded a walk-through

practice consultation with MYCIN and shown how to access the rules

which had been used to generate the system's theraputic

recommendations.

Performance Measures

For each of four. consultation problems, subjects were given a

printout of a previous consultative session and a sequential list of

the rules MYCIN used to reach its diagnostic and theraputic

- conclusions. The subjects were then instructed to interact with the

MYCIN system in order to examine those rules in any order that they

saw fit until they had isolated the particular rule responsible for

6



* each of the four predetermined primary diagnoses. The number of

"rule" commands was recorded for each of the four problems for each

* subject.

A second performance measure was the ten item subjective

questionaire. Subjects indicated on a ten point scale from 0 ("very

strongly disagree") to 10 ("very strongly agree") their agreement with

statements addressing (1) the understanding of MYCIN's operating

. procedures, (2) the ease of system use, (3) the confidence of final

user decisions, and (4), the adequacy of the time allotment.

A second questionaire was also employed which was designed to

determine which components of the mental model (in terms of

instruction booklet sections which compartmentalized the concepts of

"- rules, inference networks, and backward chaining procedures) were of

most value to the participants in understanding and performing their

* tasks.

N PRELIMINARY RESULTS

Due to difficulty in securing the participation of medical

students (whose intensive training and time consuming professional

responsibilities precluded easy accessability), only six subjects were

actually recruited for the current study. However, performance

differences were observed between the two mental model conditions.

-[ The beneficial impact of an accurate mental model on the problem

solving tasks in terms of system queries is exemplified in Figure 2 by

L. the mean scores of the two experimental groups.
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In addition to the mean differences, a T-test revealed

significant differences in user performance between the two mental

* model conditions in terms of their use of the "rule" command

T(4)=1.94, .l>p>.05,lt,sig.

Further data analysis was performed by evaluating subject's

responses to the 10-item questionaire. Users receiving accurate

mental models reported greater "understanding of the system's

operating procedures", than did those in the no mental model group

with means of 7.3 and 5.4 respectively. Reports of "ease of system

* use" followed the predicted pattern, the means being 7.0, and 6.5.

There was no difference between the two groups in terms of "confidence

of final user decisions" and "time allotment adequacy".

Responses to the second questionaire concerning the task

relevance of the instructional materials revealed that their knowledge

S of rules, inference networks, and backward chaining processes had been

the most helpful in terms of subsequent task performance. On the

other hand, the no mental model group felt that the sample

consultation had been the most helpful to them in terms of their task

performance.

DISCUSSION

In general, the preliminary results of this study seem to agree

with the basic theory that the quality of user/expert system problem

solving is driven to a large degree by the user's mental model of the

expert system's problem solving procedures. Highest problem solving

'w -
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performance was achieved by subjects having a good mental model, i.e.,

those having an understanding of the system's use of rules, inference

networks and backward chaining procedures. The basic explanation for

this is that a user with an accurate mental model is well suited to

S- interact with an expert system for which he or she has a conceptual

grasp.

Future research efforts should continue to focus on

user/intelligent machine interaction using "real-world" systems such

as MYCIN. The information gleaned from such efforts are likely to

contribute toward the development of a theoretical base of user-expert

system interaction which in turn would permit the design of more

. optimal, hence user acceptable, user/intelligent machine interfaces.
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i

13-Aug-a5 10:00.45

-- -;.. -- PATIENT-321 -- ------

I) Patient s names
* PT321

2) Age:
a. 3 YEARS
3) Sex:
* FEMALE

- 4) Races
cc CAUCASIAN
5) Are there any cultures for Pt321 which may be related to the

present illness, and from which organisms have been grown
successfully ,in the microbiology laboratory?

-c NO
6) Are there any pending cultures for Pt321
** YES

- -- -------- CULTURE-I --------
7) From what site was the specimen for CULTURE-I taken?

00 CSF8) Please give the date and time when the pending cof culture

(CULTURE-I) was obtained. (mo/da/yr time)
cc I7-Mar-76 12i02PM
9) Was a smear examined at the time that the specimen for the

pending csf culture (CULTURE-I) was obtained?
Yc YES% "10) Were any organisms seen on the smear of the specimen
submitted as the pending csf culture (CULTURE-I)?U cc YES

-- -------- ORGANISM-t I-------
11) The stain (Gram, India ink, or Ziehl-Neelsen acid-fast)

.--of OROANlSt-li
'is - ccGRPH'JEG

.-1%, 12) Is ORGANISM-I a rod or coccus totc.)t
cc ROD
13) What is the form of the individual organisms (e.g.

Lancet-shaped for cocci, fusiform for rods, etc.)?
**UNKNOWN

14) Any other organisms noted on the smear*?
Ce NO

15) Are there any, other pending cultures?
cc NO
18 Have there been negative (as opposed to pending) cultures

* * obtained from Pt32I which may be relevant to the present
l lness?

a. NO
17) Do you suspect Pt321 may have an infection at a site from

which you have not obtained culture specimens?
:- NO
1e) Is Pt321 currently receiving therapy with any antimicrobial

agent'
cc NO
19) During the present., illness, has Pt321 been treated with an

antimicrobial agent which is no longer being administered?
0c NO

2U) Has Pt321 recently had symptoms ot persistent headache or
other abnormal neurologic symptoms (dizziness, lethargy,
etc.*)

cc YES
.21 Has Pt321 recently had objective evidence of abnormal

neurologic signs (nuchal rigidity, coma, seizures, etc.)~i., documented by ohivscin obser,oation or examination
>

is- A-2
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4%.

*e YES

The CSF Cultures will be considered to be associated with MENINGITIS.
22) Please glue the date on which clinical evidence (symptoms,

signs, or laboratory tests) of the meningitis first appeared.
cc 17-4"1ar-76 9,02P4

Although all of the CSF cultures were obtained before the clinical
, evidence of MENINGITIS began, I will consider for therapy those

that were obtained within 48 hours of the onset.
23) Is the meningitis a hospital-acquired infection?
". NO
24) Has Pt321 had any injury or insult to, or defect in the

central-nervous-system (excluding neurosurgery)?
cc UNKNOWN
25) On a scale of 0 to 49 where higher numbers indicate increasing

severity, how would you rate Pt321's degree of sickness?

26) Is Pt321 febrile?
0o YES

27) Do you know the results of a recent CBC of Pt321?
e YES

* 28) What was Pt32l's peripheral white count (in thousands)?
** 5.6
29) Percent of WBC's which were PMN'st
cc 79
30) Percent of the peripheral WBC's which are immature forms,
** 12
31) Is Pt321 a compromised host (e.g. alcoholic, sickle-cell-

' disease, immunosuppressed)?

eNO

Considering organisms (other than those isolated from cultures)i which might be present ... ]I

32) Does Pt321 have an abnormal chest X-ray?

cc NO

33) Does Pt321 have one or more 0f the following risk factors for
tbo a) positive intermediate strength PPD, b) history of close
contact with a person with active tb, c) a household member
with a past history of active tb, d) apical scarring on chest
xray, e) history of granulomas on biopsy of liver, lymph node.
or other organs.>

ccNo
34) For how many days has Pt321 had abnormal neurologic signs?
_c 9.6 HOURS
35) For how many days has Pt321 had neurologic symptoms?
cc 12 HOURS

36) Has Pt321 had recent evidence 0f tender or enlarged sal ivary
glands'

t, 4 cc NO
:- *;~37) Has Pt32l been exposed to any contagious disease recently

ke.g. meningococcal disease, mumps) ?
ac I0kNOWN

38) Does Pt321 have any cutaneous lesions or rash on physical
exami nat on?

. _ NO
39) What is the protein value (mg/IOOcc) in the CSF?

A. c 326
. 40) What is the total W&C count of the CSF?

c* 1000

N" 41) What percent of the WBCs in the CSF were polys?
** 100

42) What is the glucose value tmilligrams percent) in the CSF2
cc 113

43) What is the simultaneous blood glucose?
.. 220
44) Does Pt32l have evidence o ocular nerve dysfunction?
cc NO

LL A-3



45) Has Ill2 ever undergone any type 04 surgery?

46) Does Pt321 live in a crowded onvironlmint?

47) Is ItII clinical history consistent with EPIOLOTTIThS?

46) Is Fill1 clinical history consistent with OTITIS4IEOIA?

a5 UNMi@OMR'
49) Is Ill.I a burn patient?
Ill UNKNOWN&

50) Does FillI have fol neurological signs?

(Determining which drugs apt desirable for use against the~ Hemophilus-influonzae ... I
ST6110ces III2 have a clinically significant allergic reaction to

anyxsntlelcroblal agent?

INFWCTION- is MENINGITIS

<I(TEM.-I> HEMOPI4ILUS-INFLUE4ZAE IORGiISM-I I

(Considering AMIiCILLIN AND-CHLOP4P49ICOL for use a-%inst
INFECTION-I. ... I

52) Do you have reason to suspect that Ill2 may have impaired

reonal function?
CeNO

53) Itll weight in kilograms (or (number> POUNDS)
020

(REC-11 My preferred therapy recomendation is as followss
Give the following in combination,
1) AE1PICILLlN
Dose, 1.0g (6.0 ml) q4h IV (calculated on basis of 50 mg/kg)9
(The do should be modified in SEVERE renal failure. I can

adJust the dose only if a creatinine clearance or a
~ serum creatinine Is obtained.]

2) CNLOR"IlENSICOL
Dose 500 mg (3.0 ml) q~h IV (calcuisted on basis of 25

A-4

'Ni

4hL



I-.

-V.

:,) ATTACHMENT A

. -..

*-*. ..

* r



OCT2 9

OFFICE OF NAVAl, RESEARCH

Lnglneering Psychology Program

TFCHNICAL REPORTS DISTRIBUTION LIST

OSD Department of the Navy

CAPT Paul R. Chatelier Dr. Andrew Rechnitzer
Office of the Deputy Under Secretary Office of the Chief of Naval

of Defense Operations, O1'952F

OUSDRE (E&I.S) Naval Oceanography Division
Pentagon, Room 31)129 Washington, D.C. 20350

Washington, D. C. 20301

Dr. Dennis Leedom Manpower, Personnel & Training

Office of the Deputy Under Secretary Programs

of Defense (C 1) Code 270

Pentagon Office of Naval Research

Washington, D. C. 20301 800 North Quincy Street

Arlington, VA 22217

D epartent of the Navy
Mathematics Group

Engineering Psychology Group Code 411-MA

Office of Naval Research Office of TPaval Research

Code 442EP 800 North Quincy Street

800 N. Quincy St. Arlington, VA 22217

Arlington, VA 22217 (3 cys.)

Aviation & Aerospace Technology Statistics and Probability Group

Programs Code 411-S&P
Code 210 Office of Naval Research
Office of Naval Research 800 North Quincy Street

800 North Quincy Street Arlington, VA 22217
,," Arlington, VA 22217 o

A g V 2Information Sciences Division

CDR. Paul E. Girard Code 433

Code 252 Office of Naval Research
Office of Naval Research 800 North Quincy Street

800 North Quincy Street Arlington, VA 22217

Arlington, VA 22217
CDR Kent S. Hull

Physiology Program Helicopter/VTOL Human Factors Office

Office of Naval Research NASA-Ames Research Center MS 239-21

Code 441NP Moffett Field, CA 94035

800 North Quincy Street

Arlington, VA 22217 Dr. Carl E. Englund
Naval Health Research Center

Dr. Edward H. Huff Environmental Physiology

Man-Vehicle Systems Research Division P.O. Box 85122
NASA Ames Research Center San Diego, CA 92138

Moffett Field, CA 94035



.,,~f (€ f I" I (-)F I9 4

Department of the Navy Deortn-i~t ,f the Navy

Special Assistant for Marine Dr. Rul'crt C. Smith
Corps Matters Office of the Chief of Naval

Code lOOM Operations, 0P98711
Office of Naval Research Personnel Logistics Plans
800 North Quincy Street Wasiington, D. C. 20350
Arlington, VA 22217

Mr. R. Lawson Combat Control Systems Department
ONR Detachment Code 35

. 1030 Fast Green Street Naval tnderwater Systems Center

Pasadena, CA 91106 Newport, RI 02840

CDR James Offutt Human Factors Department
Office of the Secretary of Defense Code N-71
Strategic Defense Initiative Organization Naval Training Equipment Center
Washington, D.C. 20301-7100 Orlando, FL 32813

Director Dr. Alfred F. Smode
Naval Research Laboratory Training Analysis and Evalustion

" Technical Information Division Group
Code 2627 Naval Training & Equipment Center

Washington, D.C. 20375 Orlando, FL 32813

Dr. Michael Melich Human Factors Engineering
Communications Sciences Division Code 8231
Code 7500 Naval Ocean Systems Center

NaVAL Research Laboratory San Diego, CA 92152
Washington, D.C. 23075

Dr. Gary Poock
*1 Operations Research Department

Dr. J. S. Lawson Naval Postgraduate School

Naval Electronic Systems Command Monterey, CA 93940

NELEX-06T
Washington, D. C. 20360 Dean of Research Administration

Naval Postgraduate School

Dr. Neil McAlister Monterey, CA 93940
Office of Chief of Naval Operations
Command and Control Mr. H. Talkington
OP-094H Engineering & Computer Science
Washington, D. C. 20350 Code 09* Naval Ocean Systems Center

Naval Training Equipment Center San Diego, CA 92152

S-. ATTN: Technical Library
Orlando, FL 32813
Naval Research Laboratory

Washington, D.C. 20375

"S '., I

..-, -- .:5 .. , --.
,., • , ' % . -. - % % , % %, -. '% , . . , . . . • - . . . - ,. . - • .. ., • . . ,. - . . . . . .



I t . . . .. . . ... . ... ( . . , (- , , ' ' . . . . . . . . .

PDp..ztn'ywnt of the Navy Depinttent of the Navy

Mr. Pau] lieckman Commander
Naval Occan Systems Center Naval Air Systems Command
San Diego, CA 92152 Crew Station Design

NAVAIR 5313

Dr. Ross Pepper Washington, D. C. 20361

Naval Ocean Systems Center
Hawaii Laboratory Mr. Philip Andrews
P. 0. Fox 997 Naval Sea Systems Command
Kailia, HI 96734 NAVSF.A 61R

Washington, D. C. 20362
Dr. A. .. Slafkosky
Scientific Advisor Commander
Commandant of the Marine Corps Naval Electronics Systems Conmmand

* Code RD-1 Hluman Factors Engineering Branch
Washington, D. C. 20380 Code 81323
D.. Vashington, D. C. 20360•" Dr. L. Chmiura

" Naval Research Laboratory Mr. Herb Marks
Code 7592 Naval Surface Weapons Center

.- , . Computer Sciences & Systems NSWC/DL

Washington, D. C. 20375 Code N-32
Dahlgren, VA 22448

Office of the Chief of Naval
Operations (OP-II5) Mr. Milon Essoglou

* Washington, D.C. 20350 Naval Facilities Engineering Command
R&D Plans and Programs

Professor Douglas E. Hunter Code 03T
Defense Intelligence College Hoffman Building II
Washington, D.C. 20374 Alexandria, VA 22332

CDR C. Hutchins CAPT Robert Biersner
Code 55 Naval Biodynamics Laboratory
Naval Postgraduate School Michoud Station

Monterey, CA 93940 Box 29407

New Orleans, LA 70189

Human Factors Technology Administrator Dr. Arthur Bachrach
Office of Naval Technology Behavioral Sciences Department
Code MAT 0722 Naval Medical Research Institute
800 N. Quincy Street Bethesda, KD 20014

Arlington, VA 22217

Dr. George Moeller
CDR Tom Jones Human Factors Engineering Branch
Naval Air Systems Command Submarine Medical Research Lab
Human Factors Programs Naval Submarine Base
NAVAIR 330J Groton, CT 06340

., Washington, D. C. 20361

@ 4 "* ' " * ' ' " ',' , ''. '""" . " . ", ' . -• . . , - - . - , . . .



* epartnent f if the Navy

Head Dean of the Academic Departments
Aerospace Psychology Department U. S. Naval Academy

•Cde 1.5 Annapolis, M:D 21402. .x'::: Naval Aero-,;pace NL-.dtcal Research Lab

Pensacola, FL 32508 Dr. W. Moroney
Naval Air Development Ceniter

Commanding Officer Code 602
% Naval Health Research Center Warminster, PA 18974

San Diego, CA 92152

Fuman Factor Engineering Branch
Dr. Jerry Tobias Naval Ship Research and Development
Auditory Research Branch Center, Annapolis Division
Submarine Medical Research Lab Annapolis, MD 21402
Naval Submarine Base
Croton, CT 06340 Dr. Harry Crisp

Code N 51
Navy Personnel Research and Combat Systems Department

Development Center Naval Surface Weapons Center
Planning & Appraisal Division Dahlgren, VA 22448

S. San Diego, CA 92152

Mr. John Quirk
Dr. Robert Blanchard Naval Coastal Systems Laboratory
Navy Personnel Research and Code 712

Development Center Panama City, FL 32401
Command and Support Systems
San Diego, CA 92152

CDR J. Funaro Department of the Army
Human Factors Engineering Division
Naval Air Development Center Dr. Edgar M. Johnson

Warminster, PA 18974 Technical Director
U. S. Army Research Institute

Mr. Stephen Merriman 5001 Eisenhower Avenue
Human Factors Engineering Division Alexandria, VA 22333
Naval Air Development Center
Warminster, PA 18974 Technical Director

U. S. Army Human Engineering Labs
Mr. Jeffrey Grossman Aberdeen Proving Ground, MD 21005
Human Factors Branch
Code 3152 Director, Organizations and
Naval Weapons Center Systems Research Laboratory
China Lake, CA 93555 U. S. Army Research Institute

5001 Eisenhower Avenue
Human Factors Engineering Branch Alexandria, VA 22333

• ,-i -'Code 4023

Pacific Missile Test Center Mr. J. Barber
Point Mugu, CA 93042 HQS, Department of the Army

DAPE-MBR

Washington, D.C. 20310
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" _, .partnment of the Air Force For eign Addre,ses

g Dr. Kenneth R. Boff Dr. A. D. Baddeley
AF AMPL/HE Director, Applied Psychology Unit
Wright-Patterson AFB, OH 45433 Medical Research Council

15 Chaucer Road
U.S. Air Force Office of Cambridge, CB2 2EF Fngland
Scientific Research

Life Science Directorate, NL
Bolling Air Force Base Other Governnent Agencies
Washington, D.C. 20332

Defense Technical Information Center

AFHRL/LRS TDG Cameron Station, Bldg. 5
Attn: Susan Ewing Alexandria, VA 22314 (12 copies)
Wright-Patterson AFB, OH 45433

Dr. Clinton Kelly

Chief, Systems Engineering Branch Defense Advanced Research Projects
Human Engineering Division Agency
USAF ANRL/HES 1400 Wilson Blvd.

Wright-Patterson AFB, OH 45433 Arlington, VA 22209

Dr. Ear] Alluisi Dr. M. C. Montemerlo
Chief Scientist Human Factors & Simulation
AFHRL/CCN Technology, RTE-6
Brooks Air Force Base, TX 78235 NASA HQS
D. RWashington, D.C. 20546

". , " Dr. R. K. Dismukes

Associate Director for Life Sciences
AFOSR Other Organizations

Bolling AFB
Washington, D.C. 20332 Ms. Denise Benel

Essex Corporation
333 N. Fairfax Street

Foreign Addresses Alexandria, VA 22314

Dr. Kenneth Gardner Dr. Andrew P. Sage
Applied Psychology Unit First American Prof. of Info. Tech.
Admiralty Marine Tech. Estab. Assoc. V.P. for Academic Affairs
Teddington, Middlesex TWIH OLN George Mason University

England 4400 University Drive

Fairfax, VA 22030
Human Factors
P.O. Box 1085
Station B
Rexdale, Ontario

Canada M9V 2B3
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Dr. Robert R. Mackie Dr. Harry Snyder
Human Factors Research Division Dept. of Industrial Fngjineering
Canyon Research Croup VJirg1nia Polytechic Institute
5775 Dawson Avenue and State University
Goleta, CA 93017 1lackshurg, VA 21,061

Dr. Amos Tversky Dr. Stanley Deutsch
Dept. of Psychology NAS-National Research Council (COHF)
Stanford University 2101 Constitution Avenue, N.1.
Stanford, CA 94305 Washington, D.C. 20418

Dr. H. McI. Parsons Dr. Amos Freedy
Essex Corporation Perceptronics, Inc.
333 N. Fairfax St. 6271 Variel Avenue
Alexandria, VA 22314 Woodland Hills, CA 91364

Dr. Jesse Orlansky Dr. Robert Fox
t Institute for Defense Analyses Dept. of Psychology

1801 N. Beauregard Street Vanderbilt University
Alexandria, VA 22043 Nashville, TN 37240

Dr. J. 0. Chinnis, Jr. Dr. Meredith P. Crawford
Decision Science Consortium, Inc. American Psychological Association
7700 Leesburg Pike Office of Educational Affairs
Suite 421 1200 17th Street, N.W.
Falls Church, VA 22043 Washington, D.C. 20036

Dr. T. B. Sheridan Dr. Deborah Boehm-Davis
Dept. of Mechanical Engineering Dept. of Psychology

* Massachusetts Institute of Technology George Mason University
Cambridge, MA 02139 4400 University Drive

Fairfax, VA 22030
Dr. Paul E. Lehner
PAR Technology Corp. Dr. Howard E. Clark
7926 Jones Branch Dr., Suite 170 NAS-NRC
McLean, VA 22102 Commission on Engrg. & Tech. Systems

2101 Constitution Ave., N.W.
Dr. Paul Slovic Washington, D.C. 20418
Decision Research
1201 Oak Street
Eugene, OR 97401
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Other Oraiiizations Other Or iani zat Ions

Dr. Charles Gettys Dr. Babur M. Pulat

Department of Psychology Department of Industrial Engineering

. University of Oklahoma North Carolina A&T State University

. 455 West Lindsey Greensboro, NC 27411

Norman, OK 73069
Dr. Lola Lopes

Dr. Kenneth Haniniond Information Sciences Division
$ ~ Institute of Behavioral Science Department of Psychology

University of Colorado University of Wisconsin

Boulder, CO 80309 Madison, WI 53706

Dr. James H. Howard, Jr. National Security Agency

Department of Psychology ATTN: N-32, Marie Goldberg

. Catholic University 9800 Savage Road

Washington, D. C. 20064 Ft. Meade, MD 20722

- Dr. William Howell Dr. Stanley N. Roscoe

Department of Psychology New Mexico State University

Rice University Box 5095

' Houston, TX 77001 Las Cruces, *1 88003

Dr. Christopher Wickens Mr. Joseph G. Wohl

Department of Psychology Alphatech, Inc.

University of Illinois 3 New England Executive Park

Urbana, IL 61801 Burlington, M.A 01803

Mr. Edward M. Connelly Dr. Marvin Cohen

S Performance Measurement Decision Science Consortium, Inc.

Associates, Inc. Suite 721

1909 Hull Road 7700 Leesburg Pike

Vienna, VA 22180 Falls Church, VA 22043

Dr. Robert Wherry

Professor Michael Athans Analytics, Inc.

,- Room 35-406 2500 Maryland Road

Massachusetts Institute of Willow Grove, PA 19090

Technology
S" Cambridge, MA 02139 Dr. William R. Uttal

Institute for Social Research

>-, . Dr. Edward R. Jones University of Michigan

Chief, Human Factors Engineering Ann Arbor, MI 48109

McDonnell-Douglas Astronautics Co.
St. Louis Division Dr. William B. Rouse
Box 516 School of Industrial and Systems
St. Louis, MO 63166 Engineering

Georgia Institute of Technology
Atlanta, CA 30332
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! Dr. Richard Pew
Bolt Beranek & Ne;w'an, Inc.
50 Moulton Street
Cambridge, MA 02238

Dr. Hillel Finhorn
Graduate School of Business
University of Chicago
1101 E. 58th Street
Chicago, IL 60637

Dr. Douglas Towne

University of Southern California
Behavioral Technology Lab
1845 South Elena Avenue, Fourth Floor
Redondo Beach, CA 90277

"! Dr. David J. Getty
Bolt Beranek & Newman, Inc.
50 Moulton street
Cambridge, MA 02238

Dr. John Payne
Graduate School of Business

Administration
Duke University

Durham, NC 27706

Dr. Baruch Fischhoff

Decision Research

Eugene, OR 97401

Dr. Alan Morse
Intelligent Software Systems Inc.
160 Old Farm Road

Amherst, MA 01002

Dr. J. Miller
Florida Institute of Oceanography

University of South Florida
St. Petersburg, FL 33701
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