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| ‘ Abstract
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\
“This report presents a theory of the optimal display format for
tasks that have multiple stimulus elements. OQur previous research

indicates that these various elements should be presented to display

) channels that employ separate resources (e.g., be distributed between
auditory and visual modalities). In this report we suggest that this
. distribution should not be done to the extent that (a) the values of

the various display elements are correlated (e.g., temperature and
pressure of gas }n a pipe), (b) the separate elements must be
integrated into a single mental model of the environment.

, Collectively, we define these two conditions as the degree of

i correlation/integration. As correlation/ integration increases, the

retative advantages of separate resources decreases. The research in

our own and other laboratories that supports this concept is reviewed.
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Wickens & Boles

The Limits of Multiple Resource Theory:
The Role of Task Correlation/Integration in Optimal Display Formatting

Christopher D. Wickens & David B. Boles

The purpose of this report is to describe a theoretical framework
for predicting the limits of application of multiple resource theory to
dual task performance. In brief, ﬁhis theory proposes that two tasks
will be time-shared less efficiently if they impose demands on the
common processing resources shown in Figure 1 (Wickens, in press,
1984). The particular theoretical framework is meant to resolve some
seeming contradictions that exist in the experimental data relating
task similarity to dual task time-sharing efficiency. On the one hand,
we have demonstrated in several experiments that the more similar two
tasks are, in terms of their competition for processing resources
(i.e., input and output modalities, central processing codes), in the
multiple resources model, the greater will be the degree of task
interference (e.g., Wickens, Sandry, & Vidulich, 1983; Vidulich &
Wickens, 1982). On the other hand, there are a more diverse set of
results coming from a variety of sources that suggest the opposite
conclusion: Time-sharing efficiency improves with greater similarity
between tasks and task elements. In the following pages we shall
describe these different classes of results, and then attempt to
integrate the two contradictory classes of results within the framework

of a testable theory.

1. Attention switching. LaBerge, VanGelder, and Yellott (1971)

compared the time it took to switch attention to unexpected stimuli
that were presented along the auditory or visual modality. The stimuli

were lights or tones that required a left or right keypress response.

. Attention was aligned to an expected sensory channel by a probablistic
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cueing technique, and the experimenters examined the delay in RT that

resulted when a stimulus occurred on a non-attended channel (i.e., in

the stimulus modality that was not expected on a particular trial).

Al
N
\
&

N

LaBerge et al. found an approximate 100 msec increase when attention
needed to be switched between modalities, in contrast with conditions
oy when attention could be maintained within a modality. In these results
It there is a cost to cross-modality stimulation that appears to run
contrary to the view of multiple resource theory which predicts that

cross-modal time-sharing will be uperior to intra-modal.

Ve alal el a4

These results have been echoed to some extent by other research in
our laboratory, where the advantages of employing separate input

modalities have not always been terribly robust (i.e., Vidulich &

.IA d '{\l‘ \4. !

. Wickens, 1982), and have sometimes been absent altogether (Tsang, 1983;
Wickens, Kramer, Vanasse, & Donchin, 1983). In fact, in the

o investigation by Wickens, Kramer, Vanasse, and Donchin, in which

: subjects performed a tracking task concurrently with an evoked

J potential-eliciting task requiring the discrimination of stimuli, there

K was actually an advantage to the intra-modal condition, in which visual

tracking was time-shared with a visual probe task. In a related line

of research Klapp (personal communications) has reported that

monitoring of two asynchronous rhythms is easier if both are presented

a8 & 4 L A A

to the auditory modality than if one is auditory and one is visual.

2. Integral and separable dimensions. A series of empirical

studies and theoretical analyses carried out by Garner (1970; Garner &

e e a0 & &

Fefoldy, 1970) have drawn the distinction between pairs of dimensions Ze

'ﬁ

that are said to be integral and those that are separabie. While the -

clarity of this distinction has been challenged recently (e.g., Dykes, ‘E

1979; Smith & Baron, 1981), the original view proposed that integral ;E
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Wickens & Boles 5

dimensions were those in which the level along one dimension could not
be specified without specifying the other dimension. As an example,
the height and width of a rectangle are said to be integral because it
is impossible to specify the height of a rectangular stimulus without
also specifying itswidth (Dunn, 1983). If the physical stimulus did
not have width, it would not be a rectangle.

In one of Garner's paradigms (Garner & Fefoldy, 1970), integral
dimensions are shown to provide efficient paraliel perceptual
processing. This processing leads to advantages when the dimensions
are correlated, each calling for the same response, but to
disadvantages when the dimensions call for different actions (see
Hintzman et al., 1975).

Kahneman and his colleagues have expanded upon this treatment by
arguing that the different dimensions of an object (which generally
tend to be "integral" by Garner's criterion), all "want" to be
processed in parallel (Kahneman & Chajczyk, 1983; Kahneman & Treisman,
1984). These investigators provide data indicating the extent to which
different dimensions of an object (color and shape) facilitate each
other's processing in a cooperative fashion. An experiment by Lappin
(1967) is also highly consistent with these results. Lappin reports
that the color, size and shape of a single object can be efficiently
processed in a single tachistoscopic exposure of the stimulus. But
subjects have a far more difficult time reporting the color of one
object, the size of another and the shape of a third. The "objectness"
in the first case fosters the parallel processing of its elements.
Kahneman's recent research has established that the advantages to

dimensional perception in a single object are not simply the result of

the smaller visual angle, and therefore better stimulus quality
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relative to the control conditions with which it is compared. It is

the “"objectness" and not the extent of visual space that makes the

di fference.
These data are relevant to our general discussion because they
suggest that the single dimensions of an object, dimensions which are

thereby spatially and psychologically "closer" or more “proximate" than

~dimensions of separate objects, are better processed in parallel, and

therefore lead to more efficient time-sharing. It is, of course, true
that this proximity is not necessarily defined in terms of the multiple
resource space. For example, we can assume that the dimensions of
either one or three objects in Lappin's experiment are all processed by
the visual-spatial resource. Nevertheless, this second category of

results shares with the first, the property that time-sharing is found

to increase with increased proximity.

3. Manual control research. A number of studies of dual axis

tracking have reached conclusions similar to those reported above:
that when two tracking tasks must be carried out concurrently,
performance of both will be better if they are combined into a single
integrated error indicator moving simultaneously in the X and Y axes,
than if they are represented as two separate indicators (see Wickens,
in press, 1983 for a summary). In fact, Navon, Gopher, Chillag, and
Spitz (1982) have called attention to the fact that time-sharing can be
nearly perfect under such circumstances. This phenomenon represents an
example of extremely good parallel processing of two dimensions of a
single stimulus.

These research findings in manual control have been extended to

provide yet another example of a situation when time-sharing efficiency

increases with increased proximity. This extention is the observation

-------- ~
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§§4 Wickens & Boles 7
e made by Chernikoff, Duey, and Taylor (1960), that dual axis tracking

P will be improved when two axes have the same rather than different

LS .

?5; dynamics. This superiority will hold even when the "different"

condition sharing axes with a higher and lower order is compared with a

§§ “same" condition in which two tasks with higher order are time-shared
é&; (i.e., dual axis tracking is better with two second order control tasks
g than it is with a second order task time-shared with one of zero

‘ti order). Presumably it is easier for the subject to time-share two

;%ﬁ independent axes, when only a single “"internal model," or transfer

;jg function, need be activated in working memory.

FA subsequent investigation by Chernikoff and Lemay (1963)
integrated this finding with the observation of superiority of the

. S E?
L5, :

o'

S AR B AT
o § b b AL,
18
&

. single tracking display reported by Navon et al. (1982). Chernikoff
and Lemay found that the cost of having dissimilar dynamics on two axes
was reduced if the displays were also separate, but was enhanced if the
displays were integrated into a single indicator. Stated in other
terms, the advantage of an integrated display was reduced when the
dynamics were different. Hence, these findings define a sort of |

“compatibility of similarity." Similar dynamics are most compatible
when they are paired with similar (integrated) displays.

What, if anything, is the common theme that runs through these

. findings, beyond the general conclusion that more similar task or
5 similar display elements can under some circumstances lead to increased
§§ time-sharing efficiency? A major component appears to be related to
ﬁk the similarity or integrality of task components. Thus in Garner's
~ research, when both task elements called for a coomon internal response
gé (.e., there v ‘s redur” it coding of two stimulus dimensions), then

there was an adv..tage to integral (close) dimensions. In the manual

. . . ; e e e : .
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5 Wickens & Boles 8
3
75: control research, when the two axes called for a common integrated mode
; " of internal processing--that is, their dynamics were identical--
?% ‘ time-sharing improved, and favored an integrated display configuration.
g%» The theory that we propose below asserts at its most general level
R T that the advantage to display proximity of two tasks will be increased
 ?‘ as the correlation/integration of task elements is increased. This
E;j very general statement needs elaboration of each of the underlined
% terms: 1) Display proximity refers both to similarity of display
 § elements within the resource space and to similarity of elements within
;3 , 2 given resource. Thus, proximity may refer to two visual
v configurations, as opposed to an auditory-visual (bimodal) one; or it
js may refer to two spatial configurations, as opposed to a spatial and a
ﬁf verbal one. Both of these cases refer to "between-resource"
% similarity. Alternatively, spatial proximity may refer to two spatial
fﬂ dimensions of a single object as opposed to two dimensions of two
§4 objects (within-resources similarity). 2) The correlation/integration
(CI) of task elements defines two different concepts: (a) External
'; correlation refers to the correlation of stimulus values. Thus, the
;~ pressure and temperature of a thermal process represent examples of
«2 externally correlated variables, since high values of one typically 1
i%ﬁ accompany high values of the other, So too do the aileron position and §
HJ . bank angle of an aircraft or, in a different domain, the |
Ny years-in-service and pay-grade of Naval personnel. (b) Internal ;
3% : correlation or integration refers to the extent to which changes in two 5
0, external stimuli (whether these are correlated or not), must be
:2 combined together in a single internal model, before action can be
:ég selected.
:g The air traffic control task offers a good example of

-
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integration. Although the flight courses of the various aircraft on a

given display may be uncorrelated with each other (low external 5

‘ correlation), the controller obviously needs to integrate the movement i
of the various aircraft together into a single internal model of the 3

. air space before recommending an action to any one aircraft. Another 5
example is provided by the many attributes that must go into a decision g

of whether or not a unit commander should deploy a particular force. ;

Here again the attributes or cue values may be unrelated to or g
uncorrelated with each other (e.g., readiness status of the units, E

weather patterns, intelligence reports). However, the decision clearly é

requires integration of this material. According to the theory of task E;
integration, the air traffic control problem would be a situation é

ideally tuned for display proximity, because the integration is high, i

Indeed it makes a great amount of intuitive sense to present aircraft !

all within one display format (visual-spatial), rather than to present {

half of the craft in one format, and half in the other--or to present 2

latitude spatially and longitude in terms of numerical coordinates. g

At the other extreme, consider a situation in which integration is E

not present. Consider, for example, control of “inner loop" flight i

control variables and a reading of weather patterns in an aircraft. ?

Information for these two tasks will best be displayed with low f

. proximity. There is little integration required of these two sources i
since they essentfally form two separate tasks rather than two display s

elements of a single task. The two will thus benefit from a display ;

using separate resources. %

The general theory we propose is represented in Figure 2a, The ﬁ

ordinate is some measure of general task performance or time-sharing é

efficiency (the specific measure will be seen to depend upon the f

.................................................................
-----------------------------
-----------------------------------




Wickens & Boles 10

abscissa value). The abscissa describes the degree of
correlation/integration. This may be zero--in which case the subject
is performing two independent tasks--the kind of time-sharing research
most often investigated in our laboratory--or it may range to near
“unity." An example of a unity correlation task would be two tracking
tasks with identical input functions. An example of a unity
integration task would be one in which two digits (the task elements)
must be added to produce a single output. Of course, correlation and
integration are two functionally independent concepts. Hence,
technically the abscissa should be two axes and not collapsed into a

single one. Since the theory predicts that both correlation and
integration will have the same impact on performance efficiency and
proximity, however, for the moment we chose to combine the dimensions.
Their separate effects will be considered below.

The two curves on the graph in Figure 2a describe endpoints on a
continuum of "display proximity." The "close" label may refer to two
dimensions of a single object. The "distant" label might refer to
information conveyed by the height of a bargraph and the verbal content
of an auditory (spoken) message. The difference in slopes of the two
curves-~-the interaction between the two independent variables--is the
fundamental property of the proposed theory.

We predict that as task elements show greater '
correlation/integration, they will be progressively better served by
display configurations that are proximate. The particular
representation in Figure 2a shows a crossover interaction. That is,
greater distance will be better at low levels of C/I and worse at high
levels. This figure also shows a main effect of C/I suggesting that

tasks in general will be easier if their display elements are

.........................
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Wickens & Boles 1

.; ' correlated (this has been demonstrated in decision-making research,
Phelps & Shanteau, 1978; Medin, Alton, Edelson, & Freko, 1982) and/or
if they allow some integration of their elements into a single mental
model --therefore creating more of a single task configuration. It is
important however, to realize that the theory does not necessarily
predict the specific form shown in Figure 2a. The forms shown in
Figures 2b, ¢, & d are also consistent with the basic tenants, all of
which show that increasing C/I will increase the relative merits of
close versus distant coﬁfigurations, whatever the absolute merits of
each configuration may be.

As we have noted, most of the research in our laboratory has taken

place at the far left region of Figure 2, and hence has been consistent

with multiple- resource theory predictions of superior performance
(time-sharing) efficiency when there is greater distance between
display formats. However we, like Chernikoff, Duey, and Taylor (1960)
have also found that there is improved performance with greater task
integration in a manual control task, when both tasks use the same
S dynamics (Wickens & Tsang, 1979). A recent investigation by Scott and
: Wickens (1983) examined a point closer to the right of the continuum,
using an information integration/decision task in which the reliability
and diagnosticity of a sequence of information cues needed to be
combined in order for subjects to formulate a judgment of the

1ikelihood that one hypothesis or the other was in effect. We

o
{:i
:
]
R
4
::
K

concluded that performance when these dimensions were expressed as an
integrated object was better than when expressed as separated numerical
values, a finding consistent with the positioning of the right hand
part of the two curves in Figures 2a, ¢, and d. What we have not done

is to systematically vary, within an experiment the display and task

KR MW NN, AR
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o Correlation/ In)tegrotion
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g; Figure 2: Predicted effect of .correlation/integration and display
p proximity on performance efficiency. a), b), ¢) and
d) show different forms of the predicted interaction.
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E’s
ﬁ correlation/integration properties to assess the nteraction shown in

PR

%

Figure 2. An accompanying report (Boles & Wickens, 1983) partially

YWV

accomplishes this purpose by determining if the interaction holds
across different sorts of integration variations, and different
manipulations of display proximity.

In more general terms, we anticipate that three general applied
guidelines could potentially flow from our research: (a) When should
spatial analog data be mixed with verbal numerical data, and when
should data of entirely one format be employed? (b) When should
"holistic" object displays like the iconic display of nuclear reactor
safety parameters (Wood, Wise, & Hanes, 1981) be employed? (c) What
are the limits/constraints on the use of voice display? Voice display
in a visual environment is an example of "distant” proximity. Hence,
when the C/I is high, voice display may not be an effective means of
presenting information. The three technical reports to follow will
address each of these issues.

It is certainly true that there are ways in which the present
theory should be elaborated. For example, we have described the C/I
dimension as unitary, whereas clearly stimulus correlation and task
integration may each be varied independently of each other. Thus, '
rightfully Figure 2 should be elaborated to the three dimensional
. portrayal of Figure 3, thereby increasing the complexity somewhat. In

this regard the tracking studies described above provide data that !

supports the interaction of proximity with integration while Garner's

work on integral and separable dimensions with correlated and
uncorrelated stimuli provides data that supports the interaction with

correlation. Furthermore, to make matters still more complex, the

stimulus correlation dimension may itself be described in terms of
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whether the correlation is 0-lag, or is time-lagged to varying degrees

.41

A

(e.g., the lag between aileron position and bank angle in aviation).

(RPN
e

It would appear that increasing time-lag would serve to reduce the

"
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perceived correlation and therefore shift a task toward the low end of

the C/1 curve.

o
-

3
2
'\' ..i

0
LN

AN

» P .
"‘a
PRI

T
o

v

s
F XL N

o

EA

: “p e~ P P - S T e Tt *n Ce s te e S e e e T
e s e
ot GRS D ; a . B . 3




L TPRY

. Wickens & Boles 16
N
] References
f Boles, D. B., & Wickens, C. D. A comparison of homogeneous and
@

v
et

heterogeneous display formats in information integration and

+

nonintegration tasks. University of I1linois Engineering Psychology
Laboratory Technical Report EPL/83-6/0NR-83-6, December, 1983.

Chernikoff, R.,, Duey, J. W., & Taylor, F. V. Two-dimensional tracking

NN AL
[ 4

with identical and different control dynamics in each coordinate.

Journal of Experimental Psychology, 1960, 60, 318-322.

Chernikoff, R., & Lemay, M. Effect of various display-control

configurations on tracking with identical and different coordinate

dynamics. Journal of Experimental Psychology, 1963, 66, 95-99.

Dunn, J. C. Spatial metrics of integral and separable dimensions.
Journal of Experimental Psychology: Human Percepton and Pei formance,

1983, 9, 242-257.

Dykes, J. R. A demonstration of selection of analyzers for

integraldimensions. Journal of Experimental Psychology: Human

Perception & Performance, 1979, 5, 734-745,

Garner, W. R. The stimulus in information processing. American
Psychologist, 1970, 25, 350-358.
Garner, W. R., & Fefoldy, G. L. Integrality of stimulus dimensions in

various types of information processing. Cognitive Psychology,

1970, 1, 225-241.

Hintzman D. L., Carre, F. A., Eskridge, V. L., Owens, A. M., Shaff, S. )
S., & Sparks, M. E. "Stoop" effect: Input or output phenomenon? Z

?

'

A AL A A A A T N A T e S T et e T L e
: -m:i:!'z.::’l rl‘:ﬂ’:":m:f:'..L.":.!.;'!.':_!:.:(:E‘L‘":(:!.}'.-_\.-.l"'!':f:.\' PO SR P W v AN P I PRI st TR T YRl G Wt S’ e ) g W S Y




Wickens & Boles 17

Journal of Experimental Psychology, 1972, 95, 458-459,
Kahneman, D. & Chajczyk, D. Tests of the automaticity of reading:
Dilution of Stroop effects by color-irrelevant stimuli. Journal of

Experimental Psychology: Human Perception & Performance, 1983, 9,

497-509.

Kahneman, D., & Treisman, A. Changing views of attention and
automaticity. In R. Parasuraman & R. Davies (Eds.), Varieties of
Attention, New York: Academic Press, 1984,

LaBerge, D., VanGelder, P., & Yellott, S. A cueing technique in choice

reaction time. Journal of Experimental Psychology, 1971, 87,

225-228.
Navon, D., Gopher, D., Chillag, W., & Spitz, G. On separability and

interference between tracking dimensions in dual axis tracking.
Technion Israeli Institute of Technology, Technical Report, August,

1982,
Scott, B., & Wickens, C. D. A comparison of verbal and graphical

information presentation in a complex information integration

de®ision task. University of I11inois Engineering Psychology

Technical Report EPL-83-1/0NR-83-1, June, 1983, |
Smith, J. D. & Baron J. Individual differences in the classification

of stimuli by dimensions. Journal of Experimental Psychology:

Human Perception & Performance, 1981, 7, 1132-1145,

Tsang, P. The effects of task structures, dynamics of difficulty
changes, and strategic resource allocation training on time-sharing
performance. University of Illinois unpublished doctoral

dissertation, October, 1983.

%
K
P |
!

e A,

LR EAN 4 S



AL A 2 A Sarii- i e S I EMACIMEN G A
.
,

r | EAAA

AN

Wickens & Boles 18

aYe¥

¥,

il R N R o
M S m"

Vidulich, M., & Wickens, C. D. The influence of S-C-R compatibility
and resource competition on performance of threat evaluation and

fault diagnosis. Proceedings, 26th Annual Conference of the Human

Factors Society, Santa Monica, CA: Human Factors, 1982,

'g Wickens, C. D. Processing resources in attention. In R. Parasuraman
L & R. Davies (Eds.), Varieties of Attention, New York: Academic

;‘ Press, in press, 1984,

,é Wickens, C. D., Kramer, A,, Vanasse, L., & Donchin, E. The

E performance of concurrent tasks: A psychophysiological analysis of
51 the reciprocity of information processing resources. Science, 1983,
¢

221, 1080-1082.

Py -y

Wickens, C. D., Sandry, D., & Vidulich, M. Compatibility and resourcé
competition between modalities of input, output, and central

processing: Testing a model of complex task performance. Human

78 Ay-Ay ot Ey N

Wickens, C. D., & Tsang, P. Attention allocation in dynamic

environments. University of I1linois Engineering Psychology
Laboratory Technical Report, EPL-79-3/AFOSR-79-3, June, 1979.

Wickens, C. D. Human Performance and Engineering Psychology. Columbus,

OH: Charles E. Merrill, in press, 1983.

AR ""-‘m*‘

s . Wood, D., Wise, J., & Hanes, L. An evaluation of nuclear power plant
J safety parameter display systems. In Sugarman (Ed.), Proceedings,
25th Annual Meeting of the Human Factors Society, Santa Monica, CA:

Human Factors Press, 1981.

R A W N T




OFFICE OF NAVAL RESEARCH

Engineering Psychology Group
TECHNICAL REPORTS DISTRIBUTION LIST-

CAPT Paul R. Chatelier
Office of the Deputy Under
Secretary of Defense

OUSDRE (E&LS)
Pentagon, Room 3D129
Washington, D.C. 20301

Engineering Psychology Group
Office of Naval Research
Code 442 EP

Arlington, VA 22217 (2 cys)

Aviation & Aerospace Technology

Programs
Code 210
Office of Naval Research
800 N. Quincy St.
Arlington, VA 22217

Physiology & Neuro Biology
Programs

Code 441N8B

Office of Naval Research

800 N. Quincy St.

Arlington, VA 22217

Manpower, Personnel &
Training Programs

Code 270

Office of Naval Research

800 N. Quincy St.

Arlington, VA 22217

Information Sciences Division
Code 433

Office of Naval Research

800 N. Quincy St.

Arlington, VA 22217

CDR Paul Girard

Code 250

Office of Naval Research
800 N. Quincy St.
Arlington, VA 22217

Special Assistant for
Marine Corps Matters

Code 100M

Office of Naval Research

Arlington, VA 22217

Mr. Stephen Merriman

Human Factors Engtneering Division
Naval Air Development Center
Warminster, PA 18974

COR James Offutt
Officer-in-Charge
ONR Detachment

1030 €. Green St.
Pasadena, CA 91106 -

Director

Naval Research Laboratory
Technical Information Division
Code 2627

Washington, D.C. 20375

Or. Michael Melich
Communications Sciences Division
Code 7500

Naval Research Laboratory
Washington, D.C. 20375

Dr. Julie Hopson

Human Factors Engineering Division
Naval Air Development Center
Warminster, PA 18974

Or. Robert G. Smith

Office of the Chief of Naval
Operations, OP987H

Personnel Logistics Plans

Washington, D.C. 20350

Human Factors Department

Code N-71

Naval Training Equipment Center
Orlando, FL 32813

CDR Norman €. Lane

Code N-7A

Naval Training Equipment Center
Orlando, FL 32813

Or. Gary Poock
Operations Research Dept.
Navai Postgraduate School
Monterey, CA 93940




=,

O A A R R R L e A Tt e Rt At R

=

ribd

..... P A

Dr. A. L. Slafkosky

Scientific Advisor.

Commandant of the Marine Corps
Code RD-1
Washington, D.C. 20380

Dr. L. Chmura

Naval Research Laboratory
Code 7592

Computer Sciences & Systems
Washington, D.C. 20375

Human Factors Technology
Administrator

Office of Naval Technology

Code MAT 0722

800 N. Quincy St.

Arlington, VA 22217

Commander

Naval Air Systems Command
Human Factors Programs
NAVAIR 334A
Washington, D.C. 20361

Mr. Norm Beck

Combat Control, Code 3512

Naval Underwater Systems Center
Newport, RI 02840

Commander

Naval Air Systems Command
Crew Station Design
NAVAIR 5313 -
Washington, D.C. 20361

Mr. Philip Andrews

Naval Sea Systems Command
NAVSEA 6L R2
Washington, D.C. 20362

Larry Olmstead

Naval Surface Weapons Ctr.
NSWC/DL

Code N-32

Dahlgren, VA 22448

CAPT Robert Biersner
Naval Medical R&D Command
Code 44

Naval Medical Ctr.
Bethesda, MD 20014

Dr. Clinton Kelly

Defense Advanced Research Projects
Agency

1400 Wilson Blvd.

Arlington, VA 22209

Dr. Arthur Bachrach

Behavioral Sciences Dept.

Naval Medical Research Institute
Bethesda, MD 20014

Dr. George Moeller

Human Factors Engineering Branch
Submarine Medical Research Lab.
Naval Submarine Base

Groton, CT 06340

LT Dennis McBride

Aerospace Psychology Department
Naval Aerospace Med. Res. Lab.
Pensacola, FL 32508

Dr. Wayne Zachary
Analytics, Inc.

2500 Maryland Rd.
Willow Grove, PA 19090

Dr. Robert Blanchard
Navy Personnel Research

& Development Ctr. _
Command and Support Systems
San Diego, CA 92152

COR J. Funaro

Human Factors Engr. Div.
Naval Air Development Ctr.
Warminster, PA 18974

Mr. Jeffrey Grossman
Human Factors Branch
Code 3152

Naval Weapons

China Lake, CA 9355§

Aircrew Systems Branch

Systems Engr. Test Directorate
U.S. Naval Air Test Center
Patuxent River, MD 20670

COR C. Hutchins

Code 55

Naval Postgraduate School

Monterey, CA 93940

LCDR R. C

Office ofaiﬁnghief of Naval
Operations (OP-115)

Washington, D.C. 20350

Dr. Harry Crisp

Code N51

Combat Systems Department
Naval Surface Weapons Ctr.
Dahlgren, VA 22448

C e ,‘n‘ . .“.’.‘..:

-

s e s e .. R
PRVAPRPRFRIN . | R



L A AL NI Gard o AP s AR AR AR A it Mg s oA fad SR adion Jron e Jt e Jion 5ot et il b AL o A ol

,
- “-_LJ
.- -

',
Y,
E@ Or. Edgar M. Johnson Dr. Amos Tversky
A Technical Director - Dept. of Psychology
U.S. Army Research Institute _ Stanford University
o 5001 Eisenhower Ave. Stanford, CA 94305
2 Alexandria, VA 22333
=3 Dr. Jesse Orlansky
;% Director, Organizations & Institute for Defense Analyses
X Systems Research Institute 1801 N. Beauregard St.
N 5001 Eisenhower Ave. Alexandria, VA 22311
*g Alexandria, VA 22333
Ry Dr. T. B. Sheridan
) Technical Director Dept. of Mechanical Engr.
U.S. Army Human Engr. Labs. Massachusetts Institute of )
Aberdeen Proving Ground, MD 21005 Technology
’ Cambridge, MA 02139
N U.S. Air Force Office of
R Scientific Research Dr. Harry Snyder
‘ Life Sciences Directorate, NL . Dept. of Industrial Engineering
S Bolling Air Force Base ' Virginia Polytechnic Institute
o Washington, D.C. 20332 & State University
5 : Blacksburg, VA 24061
3 Chief, Systems Engr. Branch
he Human Engineering Division Dr. Robert T. Hennessy
N USAF AMRL/HES NAS - National Research Council (COHF)
NY Wright-Patterson AFB, OH 45433 2101 Constitution Ave., N.W.
“ . Washington, D.C. 20418
, Dr. Earl Alluisi
R Chief Scientists Or. Amos Freedy
Y| ©  AFHRL/CCN Perceptronics, Inc.
434 Brooks AFB, TX 78235 6271 Variel Ave. ]
X - Woodland Hills, CA 91364
‘ Dr. Danifel Kahneman .
ﬂi University of British Columbia Or. Robert C. Williges
N Department of Psychology Dept. of Ind. Engr. & OR
ﬁQ Vancouver, BC V6T W5 Virginia Polytechnic Institute
iy Canada & State College
EX : 130 Whittemore Hall
- HUMAN FACTORS - Blacksburg, VA 24061
» P.0. Box 1085
™ Station "B" ' Dr. Deborah Boehm-Davis
S Rexdale, Ontario General Electric Co.
oy M9V 283 - Information Systems Programs
) Canada 1755 Jefferson Davis Highway
.| - Arlington, VA 22202
Ry Defense Technical Information Ctr.
¥ Cameron Station, Bldg. 5 Dr. Kenneth Hammond
il Alexandria, VA 22314 (12 cys) Institute of Behavioral Science 3
. . University of Colorado }
5 Or. M. Montemerlo Boulder, CO 80309 )
Human Factors & Simulation
B Technology, RTE-6 Dr. James H. Howard, Jr.
i NASA HQS Dept. of Psychology
o Washington, D.C. 20546 Catholic University
Washington, D.C. 20064 ,




oradi Pk

E A R

Pl

R v‘_
LAAALL

Bty &y 40

LS 4 &0 0 LU IPLCIL ENAR Y N T W . R N

Dr. William Howell
Dept. of Psychology
Rice University
Houston, TX 77001

Dr. Edward R. Jones
Chief, Human Factors Engr.

McDonnel1-Dovglas Astronautics Co.

St. Louis Division
Box 516
St. Louis, MO 63166

Dr. Babur M. Pulat

Dept. of Industrial Engineering
North Carolina A&T State Univ.
Greensboro, NC 27411

Dr. Lola Lopes

Information Sciences Division
Dept. of Psychology
University of Wisconsin
Madison, WI 53706

Dr. Stanley N. Roscoe
New Mexico State Univ.
Box 5095

Las Cruces, NM 88003

Dr. William B. Rouse
School of Industrial &
Systems Engr.
Georgia Institute of Technology
Atlanta, GA 30332

DOr. Richard Pew

Bolt Beranek & Newman, Inc.
50 Moulton St.

Cambridge, MA 02238

Dr. Hillel Einhorn
Graduate School of Business
University of Chicago

1101 E. 58th St.

Chicago, IL 60637

Dr. Douglas Towne

University of Southern California
Behavioral Technology Laboratory
3716 S. Hope St.

Los Angeles, CA 90007

Dr. Marshall Farr
Office of Naval Research
Code 442

800 N. Quincy St.
Arlington, VA 22217

IO e A S a ta s

Mr. Joseph G. Wohl
Alphatech Inc. .
2 Burlington Executive Ctr.
111 Middlesex Turnpike
Burlington, MA 01803

COR Kent S. Hull

Helicopter/VTOL Human Factors Office
NASA-Ames Research Center, MS 239-2]
Moffett Field, CA 94035

.

I DUPILISIN | S




el AL e 7Y R T RBEYIRN VY S St AN

o - BN

|




