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Figure 1. The Resuscitative Fluids Production System (REFLUPS) was designed to produce
water for injection and medical solutions from potable water in a field environment.
Human factors engineering was applied in determining the location of maintainer
accessible modules, the angle of operator information screens, and in designing the output
receptacle size and location to optimize ease of use. Photo courtesy of U.S. Army Medical
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n 1968, Dr. Maurice

Rappaport presented a chal-

lenge in an address before
Division 21 (Applied Experimental and
Engineering Psychologists) of the
American Psychological Association.
He identified five areas as prime terri-
tory for human factors engineering
efforts. Since then, some of his ideas
have been realized, some are in the
process of being implemented, and
others remain dreams. But one thing

remains clear after nearly a quarter of
a century: The medical arena is ripe for
the infusion of human factors engi-
neering expertise (see Fig. 1).

The United States health care system
has been the subject of heated criticism
that has intensified over the past de-
cade. Costs are skyrocketing, patients
are being denied treatment, legal ac-
tions against health care providers and
medical equipment manufacturers are

Continued on page 2
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commonplace, and the list goes on.
Despite these criticisms, however, the
standard of care in the United States is
virtually unparalleled, and the life ex-
pectancy of Americans has been ex-
tended as a result of medical advances;
thus all is not lost. The problems that
plague the American health care sys-
tem can partially be attributed to (1)
health care manpower shortages; (2)
shortcomings in medical education;
(3) medical information and communi-
cation system deficiencies; (4) diag-
nostic and treatment equipment defi-
ciencies; (5) lack of assessment of the
effects of medical procedures on be-
havior and performance; and (6) lack
of emphasis on medical technology
assessment. These first five problems
were among the needs identified by
Rappaport (1970). Contemporary in-
terpretations of Rappaport’s needs as-
sessment, as well as the emergence of
the sixth factor are addressed in this
article. Human factors implications of
the observations presented by Lund
(1992) concerning future combat medi-
cal support requirements will be inte-
grated throughout.

Health Care Manpower Shortages

Physicians, nurses, skilled techni-
cians in critical specialties—the supply
of qualified practitioners in many spe-
cialty areas and geographic locations is
insufficient to meet demand. The
problem is not simply a matter of
numbers, but one of productivity short-
comings. Rather than adding practitio-
ners to the system (which will increase
costs, as more salaries will need to be
paid), an emphasis on increasing the
productivity of current practitioners is
more likely to yield a greater return.
Rappaport (1970) stressed the need for
delegation of tasks to the practitioner
with the least surplus of expertise
needed to accomplish them. He rec-
ommended the reassignment of some
physician duties to feldshers, a class of
medical personnel with training some-
where between that of a physician and
that of a nurse. Today, we know these
individuals as physicians’ assistants
and nurse practitioners (and their coun-
terparts in the military community),

Figure 2. The Submarine Operational Illlness and Injury Contingency Management
Program, dubbed Black Boat Alpha, is a computer-based information and decision support
system designed for use by independent duty corpsmen aboard submarines. This system is
important because space and communication with medical experts ashore are severely
limited on submarines. Human factors engineering was applied in designing the human-
computer interface, component integration, and usability testing. Photo courtesy of the
Naval Submarine Medical Research Laboratory, Groton, CT.

and their existence has helped to alle-
viate manpower shortages in some
areas. Nonetheless, the productivity
of medical practitioners could be fur-
ther enhanced by redesigning their
tasks and the equipment they use, to
promote efficiency (see Fig. 2).

It is estimated that medical person-
nel spend better than one-half of
their time performing information col-
lection and management tasks. Fur-
thermore, there is substantial duplica-
tion of effort in most instances, which
greatly erodes the manpower resources
available. If the amount of time prac-
titioners spent obtaining, document-
ing, and communicating patient data
were reduced, significant savings could
be realized.

Inefficiencies resulting from failed
equipment also take their toll on per-
sonnel resources. Although increasing
device reliability may not be within the
purview of human factors engineering,
increasing the reliability of the interac-
tion between the practitioner and the
device certainly is. An analysis of FDA
device failure incident databases by
Bassen (1986) found that 7.7-18.3% of
all reports revealed “user error” as the
cause of failure. Reducing incidences
of user/device errors would eliminate

the additional time required by medi-
cal personnel to (1) attend to auto-
mated systems that have failed, (2)
restart failed devices, (3) render addi-
tional care necessitated by a failed
device, and (4) attend to the documen-
tation requirements resulting from the
failure event. Not only could the
quality of care be improved, but the
time demands on medical practitioners
could be reduced.

Shortcomings in Medical
Education

The rapid pace at which new knowl-
edge comes into existence makes it
impossible for physicians (and other
medical practitioners) to stay current in
their field. This is perhaps not so much
a shortcoming in medical education,
but a limitation of knowledge acquisi-
tion. Medical practitioners cannot con-
tinuously strive to update their knowl-
edge, lest they have no time to tend to
their patients (see Fig. 3). Rappaport
(1970) called for the evaluation of
training techniques and educational
tools by human factors engineers
as a means for increasing the effective-
ness of medical education. Although
this task has not been undertaken
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by human factors engineers specifi-
cally, some evaluations have been
conducted and some modifications to
training techniques have been imple-
mented, but questions as to the effec-
tiveness of medical education and
training remain.

Other attempts to augment the
knowledge of medical practitioners
continue. There has been an increas-
ing reliance on “intelligent” aids, de-
signed to bring the latest in medical
knowledge to practitioners, coupled
with information management and
decision-making capabilities. Expert
systems have benefitted from human
factors engineering in a variety of
applications areas, medicine being just
one of them. Yet, there is still much
more to be done. Intelligent aids can
not only support medical decision-
making and information manage-
ment, they may also facilitate the inte-
gration of medical planning factors
with operational considerations in
combat situations, as recommended
by Lund (1992).

The use and human-computer dy-
namics are critical to the ultimate utility

and effectiveness of automated infor-
mation and decision-aiding tools in
any environment. Current limitations
to the accuracy of such systems, coupled
with the practical and legal ramifica-
tions of decision errors, make this a
critical human factors engineering is-
sue. As Rappaport (1970, p. 29) states,
“The computer should be his aid—his
idiot savant,” identifying a crucial ele-
ment of the interaction dynamics of
medical decision aiding. Sind and
Stetson (1991) called such systems
“wolves in sheep’s clothing,” raising
concerns and identifying shortcomings
in the human factors engineering phi-
losophies of expert system design for
medical (and other types of) decision
making. A better understanding of
human/computer decision-making
dynamics is needed to ensure that the
computer becomes a useful assistant to
the medical practitioner, rather than a
sly, deceiving, and potentially danger-
ous “advance” that actually degrades
the practitioner’s performance. Ap-
propriately designed, such systems have
extreme potential to facilitate consis-
tently good medical decisions and,

Figure 3. Keeping abreast of new developments and technologies in the medical field
can interfere with the medical practitioner’s time for giving patient care. lustration by

Tim Span.

ultimately, to integrate such decisions
within a larger operational framework.
Yet, the extent to which that potential
may be realized is heavily dependent
upon system design.

Medical Information and
Communication System
Deficiencies

* Much effort and time are wasted due
to the inefficiencies and deficiencies in
medical information and communica-
tion systems. A patient’s time is also
valuable, and often needlessly wasted
in providing redundant information
about his/her medical history, or un-
dergoing repeated diagnostic tests be-
cause the results were misfiled, located
elsewhere and thus unattainable, or
the conduct of prior testing was un-
known to the practitioner now treating
the patient because it was done in
another place by someone else. More
obvious, perhaps, is the compromised
care that results from the lack of infor-
mation when and where it is needed.
Documenting a patient’s allergy to a
medication may prevent him from ex-
periencing a serious reaction at a later
point in time, but only if that record is
readily accessible at the time and in the
right place. Although the electronic
storage and transmission of medical
data and images are now possible,
such capabilities have yet to be ex-
ploited. Although cost is the primary
factor which has limited the adoption
of advanced technologies, it is the
(lack of) perceived benefit relative to

cost that is perhaps more to blame.
Human factors engineering may be
beneficial in helping to increase the
benefits that can be actualized from
advanced technologies. For example,
appropriate benchmarks and minimum
system requirements for electronic
medical imaging systems are best
psychophysically derived from system-
atic evaluation of image interpreter
performance, rather than driven by the
technology. Human factors engineers
can aid in quickening the pace of
performance enhancements by identi-
fying imaging parameters for which
improvement would yield not just the
Continued on page 4
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Figure 4. The Convulsant Antidote Nerve
Agent (CANA) is a soldier-carried
medicament designed to reduce the effects
of convulsions associated with nerve agent
Dboisoning. Human factors engineering was
applied in designing and packaging the
autoinjector to make it distinguishable from
other onboard injectors by feel, without the
soldier baving to seetheitem. Photo courtesy
of the US. Army Medical Materiel
Development Activity, Ft. Detrick, MD.

greatest sensitivity gains, but those
which would yield the greatest perfor-
mance increment.

Diagnostic and Treatment
Equipment Deficiencies

User problems, rather than equip-
ment malfunction, can account for half
of all equipment problems in the acute
care environment, and can adversely
and seriously affect patient monitor-
ing, diagnosis, and therapy (Ostrander,
1986). If a product is found to pose a
serious safety concern, it may be re-
called. An estimated 12% of medical
device recalls are the result of “human
factors problems,” according to Hyman
& Schlain (1986). Systematic consider-
ation of human factors issues and com-
prehensive performance evaluations
are needed to reduce human factors
problems in medical equipment. Where
equipment requirements are particu-

larly challenging (e.g., ruggedized
medical equipment for rapid, mobile
deployment; equipment intended for
naive or incapacitated users as shown
in Fig. 4), the importance and scope of
human factors considerations are in-
tensified.

D espite a myriad of published stan-
dards, guidelines, recommended prac-
tices, and regulations for most aspects
of medical equipment design, specific
human factors guidance is sorely lack-
ing. The Association for the Advance-
ment of Medical Instrumentation
(AAMD) published the first set of guide-
lines for human factors engineering of
medical equipment in 1988. The Guide-
lines, developed with the participation
of medical device industry representa-
tives and users, were derived from
MIL-STD-1472C, several other DoD
standards and resources, and sugges-
tions of the designers and users who
participated in their development.
While extremely beneficial as a first
effort, potential weaknesses of the AAMI
Guidelines should be noted.

Although users contributed signifi-
cantly to the development of the Guide-
lines, the users involved were, almost
exclusively, anesthesiologists. Assuch,
the homogeneity of the users involved
and their input may limit the utility,
applicability, and appropriateness of
the Guidelines as applied across all
types of medical equipment.

In addition, information extracted
from sources such as MIL-STD-1472C
was selectively “adapted,” when it was
felt that it was inappropriate (e.g.,
specifications based on anthropometric
data collected from a military popula-
tion). These “adaptations” were opin-
ion-based rather than empirically based,
and have not been validated. The
paucity of human factors research di-
rected toward the development of
medical device design criteria and rec-
ommendations necessitated the reli-
ance on data and criteria derived from
military systems. Some validation and
research directed at specific issues for
medical equipment design are needed
before the Guidelines can be adopted
with confidence. Moreover, blind ad-

herence to published guidelines does
not ensure a better, safer, more pro-
ductive, “human-engineered” product,
Although the next revision to the AAMI
Guidelines will include an overview of
the design process with the role of
human factors engineering defined
throughout (adapted from military
specifications and handbooks), the
Guidelines remain just that—guide-
lines. Live human factors engineers
need to be involved in the design and
evaluation of medical devices, even
when the Guidelinesare followed. We
have not yet managed to reduce hu-
man factors engineering to a cook-
book that any designer can pick up and
follow, and it is unlikely that we will be
able to do so in the near future,

Assessment of the Effects of
Medical Procedures on Behavior
and Performance

Advances in medical technology and
pharmaceuticals have had exciting and
beneficial effects on patients. Outpa-
tient surgery is commonplace, and there
is an emphasis on early release, home
care, and self-care, primarily as cost-
saving measures. Moreover, diabetes,
epilepsy, allergies, high blood pres-
sure, and other disorders that once
killed or severely restricted lifestyles,
are now controllable (although not
necessarily curable), due to a prolifera-
tion of prophylactic and maintenance
drugs. Millions of Americans now lead
longer, more “normal” lives, as long as
they take their medication—the conse-
quence of which is that the number of
people on medication is growing. And,
while pharmaceutical manufacturers
have demonstrated the efficacy and
safety of their product in accordance
with U.S. Food & Drug Administration
requirements, the behavioral and per-
formance implications of many of these
drugs are not as well known. It is in
this domain that the DoD community
has led the civilian sector in research,
as a result of concerns about the abili-
ties of soldiers, sailors, and airmen to
perform when sleep-deprived, sub-
jected to the influence of various phar-
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maceutical agents, or a combination of
such factors. This information is equally
beneficial in understanding the effects
of these drugs on civilians’ abilities to
drive automobiles, perform the cogni-
tive and physical requirements of their
jobs, etc. Finally, those concerned
with the abilities of medical personnel
to remain alert, capable, and proficient
over extended periods of duty need
only look for advice to the DoD com-
munity, which has perhaps the longest
standing and most productive program
of research on the problems (and im-
provement strategies) of sustained and
continuous operations. Continued ef-
forts to evaluate the performance ef-
fects of specific medical procedures,
pharmaceutical agents, and various
medical afflictions would be quite ben-
eficial, and should include both mili-
tary and civilian populations.

Emphasis on Medical Technology
Assessment

Technology Assessment has beenan
important part of the military systems
acquisition process, yet it has only
recently emerged as an important con-
sideration in medical systems develop-
ment and acquisition. Because medi-
cal technology assessment (MTA) ne-
cessitates a systematic rather than a
piece-wise approach, the systems en-
gineering-based philosophy of human
factors engineering test and evaluation
methods could be very beneficial and
appropriate. Relman (1988) describes
MTA as the “third revolution in health
care,” due to its current stance as a
potential way to ensure cost effective-
ness in adopting medical technology
innovations. Roper, Winkenwerder,
Hackbart, & Krakauer (1988) note that
while MTA can provide a sound basis
for economic decision making, im-
prove the quality and effectiveness of
heath care, and enhance safety for
both the patient and provider, the
methods of data acquisition and pro-
cessing for evaluating medical technol-
ogy safety and effectiveness are lack-
ing. However, human factors engi-
neers have been involved in related

activities for non-medical systems for
over half a century. Thus, filling the
methodological void may not be so
terribly difficult.

Conclusions

There continues to be a great need
for human factors involvement in health
care and medical applications. Medi-
cal technology is outpacing our knowl-
edge of its effects and usability, and the
military medical arena will experience
very different challenges in anticipa-
tion of future combat conditions. These
factors combine to make this a prime
area for human factors engineering
efforts. Interest in human factors in
medicine has emerged over the past
quarter decade and the number of
human factors practitioners with active
interests in this area continues to grow.
In that regard, 1992 was a landmark
year, as two organizations specifically
devoted to this endeavor were formal-
ized. In April, the Human Factors
Society Executive Council approved a
petition for the formation of a Techni-
cal Group on Medical Systems and
Functionally Impaired Users. Origi-
nally founded in 1988 as the Special
Interest Group on Medical Systems and
the Functionally Impaired
(HFSIGMSFI), the Technical Group has
over 200 members. A brief article
describing this new technical group
and its goals follows in this issue of
Gateway. In May, the Subgroup on
Biomedical Devices of the Department
of Defense Human Factors Engineer-
ing Technical Group (DoDHFETG)
ratified its charter. The formation of
these groups suggests that the needs in
this area are finally being recognized in
both the military and civilian sectors,
and the prospects for advances in the
future are encouraging.

Paula M. Sind, Pb.D., is Chair of the Engi-
neering Psychology Program at the Florida
Institute of Technology, Melbourne, FL,
and an Assistant Professor in the Depart-
ment of Industrial Engineering and Opera-
tions Research at the University of Massa-
chusetts, Amberst, MA. She is founding

chair of the Human Factors Society’s Medi-
cal Systems and Functionally Impaired Users
Technical Group.
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New Human Factors Society Technical Group:
Medical Systems and Functionally Impaired Populations

Michael E. Wiklund
Lois Smith

emand is growing among

individuals and organiza-

tions that provide health
care and rehabilitation services for user-
oriented devices, equipment, and pro-
cesses. The heightened demand stems,
in part, from an escalation in the com-
plexity of medical technologies as well
as therapeutic techniques (see fig.). In
many cases, rapid technological ad-
vancement has introduced new usabil-
ity problems and safety concerns.
Another factor is the number of injuries
and deaths which may have been pre-
vented through better design. For
example, the U.S. Government has
documented 9000 cases of patient in-
jury or death related to human error
using medical and therapeutic devices
since 1984. Recently, a new interest
group was formed among members of
the Human Factors Society for the
purpose of applying human factors/
ergonomics to increase the safety, us-
ability, and efficacy of medical devices

used by both health care workers and
impaired persons.

Members of the Medical Systems
and Functionally Impaired Populations
technical group are interested in im-
proving the effectiveness of medical
systems and enhancing the quality of
life for people who are functionally
impaired. They are also concerned
with improving the interaction between
care givers who use medical equip-
ment and their patients, to reduce
errors that can lead to injury and death.
The Group’s goals include designing
and testing devices to ensure user
comfort and satisfaction, adapting work
environments and tools to meet
peoples’ needs and capabilities, and
improving ways to evaluate an
individual’s impairment and establish
an effective treatment.

Membership in the Medical Systems
and Functionally Impaired Populations
technical group is open to all persons
who share these goals. To obtain an

application, contact the Human Factors

Society, P. O. Box 1369, Santa Monica, |
CA, 90406-1369, USA; (310) 394-1181, |
fax (310) 394-2410. Annual dues are

$4.00; membership in the Human Fac-

tors Society is not required.

The Human Factors Society is a
multidisciplinary professional organi-
zation of 5000 persons in the United
States and throughout the world. Its
members include psychologists, engi-
neers, designers, and other scientists
and professionals, all of whom have a
common interest in designing systems
and equipment to be safe and effective
for the people who operate and main-
tain them. @

Mike Wiklund is the Deputy Director of the

Usability Engineering Group, American |

Institutes for Research, Bedford, MA.

Lois Smith is the Publications Manager
for the Human Factors Society, Santa
Momnica, CA.

Medical image workstations allow the selection of a specific organ image from all available images for that patient. These can then be
manipulated, such as increased to full size. lllustration by Tim Span.
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The COTR Speaks

Reuben L. Hann

elcome readers! First I want
to thank you for complet-
ing the cards indicating your
wish to remain on our mailing list. Our
return rate is approaching 3000 (nearly
46 percent)! This is gratifying and
encouraging. However, please remem-
ber that, for the same reason, the
CSERIAC Office is taking a while to
process your responses. Therefore,
address corrections may not appear
on this issue, but should in the near
future. If you have not sent in your
card yet and would like to continue
receiving Gateway, fill it out now and
put it in the mail. Thanks for your
interest and support.

This issue of Gateway features the
article “Human Factors in Medicine:
Quo Vadis?” Author Paula Sind reports
on six areas within medicine that can
benefit from human factors consider-
ations. Five of these areas are not new,
but were, in fact, addressed in 1968 by
Dr. Maurice Rappaport in an American
Psychological Association address.
Paula discusses how human factors
have influenced these areas and she

August 29-September 1, 1992

Cambridge, MA, USA

16th Annual Conference of the Association of Driver
Educators for the Disabled, at the Hyatt Regency.
Contact Victoria Swanson, 4814 W. Mountain View,
Glendale, AZ 85302; (602) 435-9704.

points the way to the future role of
human factors in medicine.

Incidentally, as Paula’s article was
being prepared, the Human Factors
Society Executive Council approved
the creation of a new Technical Group,
Medical Systems and Functionally Im-
paired Populations. Michael Wiklund,
a member of this technical group, and
Lois Smith, Publications Manager for
the Human Factors Society, have writ-
ten a brief article on it.

As the Armstrong Laboratory Collo-
quium Series: The Human-Computer
Interface continues, we hosted James
Reason of the University of Manches-
ter, UK, as the third guest speaker. He
addressed the topic of multi-disciplin-
ary factors underlying human error.
He prepared a synopsis of his lecture,
which appears later, and it is followed
by excerpts from a long conversation I
had with him after the lecture.

Bruce McCommons, U.S. Army Hu-
man Engineering Laboratory, provided
an article on SCOPE, a recently devel-
oped software package which greatly
simplifies the preparation of the Re-

Calendar

October 25-28, 1992

Hamilton, Ontario, Canada

Human Factors Association of Canada/Association
canadienne d’ergonomie 25th Annual Conference,
“The Economics of Ergonomics,” at the Hamilton
Convention Centre. Contact HFAC/ACE, 6519B
Mississauga Rd., Mississauga, Ontario L5N 1AG;
(416) 567-7193, fax (416) 567-7191.

quest for Proposal (RFP), a document
package with which practically all DoD
employees are familiar. Its compo-
nents include SOW-Maker, CDRL-
Maker, and SPEC-Maker. Two of these,
CDRL-Maker and SPEC-Maker are
mature products, available through
CSERIAC.

Dave Post of the Armstrong Labora-
tory has written an article on a recent
book, Color in Electronic Displays.
Dave, a well-known vision expert, was
an editor and authored two chapters
for this book. It is available through
CSERIAC for $45.

Gateway has a circulation of about
7000 and is sent to more than 30
countries. If you have an idea for
an article which might be of interest to
this general, international human fac-
tors/ergonomics community, please
contact me or the editor, Jeff Landis. @

Reuben “Lew” Hann, Ph.D., is the Contract-
ing Officer’s Technical Representative
(COTR) who serves as the Government Tech-
nical Manager for the CSERIAC Program.

April 18-21, 1993

Oak Ridge, TN, USA

American Nuclear Society meeting, “Nuclear Plant
Instrumentation, Control, and Man-Machine Inter-
face Technologies,” cosponsored by the Human
Factors Division of the ANS, the HFS Smoky Moun-
tain Chapter, and others. Contact Bill Knee or Jim
White, Oak Ridge National Laboratory, P. O. Box
2008, Oak Ridge, TN 37831-6360; (615) 574-6163
(Knee), (615) 574-5592 (White), fax (615) 574-9619.
Summary deadline: August 1, 1992.

October 12-16, 1992

Atlanta, GA, USA

36th Annual Meeting of the Human Factors Society,
hosted by the HFS Atlanta Chapter, at the Westin
Peachtree Plaza Hotel. Contact HFS, P.O. Box 1369,
Santa Monica, CA 90406-1369; (310) 394-1811 or
394-9793, fax (310) 394-2410.

January 4-7, 1993

Orlando, FL, USA

International Workshop on Intelligent User Inter-
faces, sponsored by ACM SIGCHI and SIGART in
cooperation with AAAI and the British HCI Group,
at the Buena Vista Palace Hotel, Walt Disney World
Village. Contact William Hefley, Software Engineer-
ing Institute, Carnegie Mellon University, Pitts-
burgh, PA 15213; (412) 268-7793, Email: ii-
Workshop93.chi@xerox.com. Deadline for papers:
July 17, 1992.

April 26-29, 1993

Knoxville, TN, USA

5th Topical Meeting on Robotics and Remote Han-
dling, sponsored by the American Nuclear Society,
Oazk Ridge/Knoxville Section, and the ANS Remote
Systems Technology Division, at the Holiday Inn
World’s Fair and Exhibition Center. Contact the
Topical Meeting on Robotics and Remote Handling,
P.O. Box 200001, Oak Ridge, TN 37831, or Norbert
Grant, (615) 574-4530, fax (615) 574-4624. Abstract
deadline: July 1, 1992.

Notices for the calendar should be sent at least four months in advance to:

CSERIAC Gateway Calendar, CSERIAC Program Office, AL/CFH/CSERIAC, Wright-Patterson AFB, OH 45433-6573
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Announcements

Online Searching with
DGIS and SearchMAESTRO

With hundreds of online databases avail-
able, each with its own logon procedure
and search language, finding and process-
ing needed information can be overwhelm-
ing. The Defense Technical Information
Center (DTIC) is offering two systems to
help with such online searching.

The Department of Defense Gateway
Information System (DGIS) provides ac-
cess to 20 different online systems with
more than 900 different databases. By
supplying DTIC with personal account in-
formation, DGIS automatically dials and
logs onto the selected online system. DGIS
can search more than one database at a
time, and includes powerful post-process-
ing tools that allow users to reformat and
analyze citations in many ways. These
features include the elimination of dupli-
cate citations, the ability to merge multiple
files into one, sort citations by almost any
field, analyze citations, and cross correlate
fields. DGIS will arrange citations from
BRS, DIALOG, DROLS, NASA/RECON, and
ORBIT into the format specified by the
user. In addition, DGIS provides access to
an electronic mail module through the
Internet and DDN system.

SearchMAESTRO (Menu-Aided Easy
Searching Through Relevant Options) is
designed to help novice users conduct their
own online database research. End users
may easily access 13 different online sys-
tems with more than 850 total databases by
using this menu-driven system.
SearchMAESTRO will even select the ap-
propriate database for a given search strat-
egy if one is not otherwise indicated. In
addition, there is no need for separate
accounts with each database vendor; even
if the user searches all 850 databases avail-
able to SearchMAESTRO, there is only one
bill.

For more information call Ms. Patricia
Tillery at (703) 274-6434 or DSN 284-6434
or write to: Defense Technical Information
Center, DGIS/SearchMAESTRO Information,
Cameron Station, Building 5, Alexandria,
VA 22304-6145.

Decrease in CSERIAC SOAR Charge

CSERIAC has periodically published state-
of-the-art reports (SOARs) on a variety of
topics relevant to the human factors com-
munity. It has been CSERIAC’s intent to
simply recover costs incurred for produc-
tion of these SOARs. However, the high
cost of contracting various experts to write

these, combined with the high cost of
printing, has resulted in SOARs that were
priced beyond what most ergonomists,
psychologists, designers, and engineers
could afford. To make the CSERIAC SOARs
more readily available to professionals in
the field, the CSERIAC Program Office has
decreased the price from $75 to $35, effec-
tive immediately. This price reduction will
apply to SOARs already published as well
as future SOARs, until further notice.

Certification For Ergonomists
and Human Factors Professionals

The Board of Certification in Profes-
sional Ergonomics is now accepting appli-
cations for professional certification of er-
gonomics and human factors practitioners.
Applicants should have a mastery of ergo-
nomics knowledge and methods, as well as
expertise in the analysis, design, and evalu-
ation of products, systems, and environ-
ments for human use. Qualified applicants
may choose to be certified as either Certi-
fied Professional Ergonomists (CPE) or as
Certified Human Factors Professionals
(CHFP). Applications are available from:
Board of Certification in Professional Ergo-
nomics, Office of the Executive Director, P.
O. Box 2811, Bellingham, WA 98227-2811
USA, phone: (206) 671-7601 fax: (206)
671-7681.

Minimum qualifications are an MA/MS or
equivalent in ergonomics or a closely re-
lated field and 7 years of demonstrable
experience in the practice of ergonomics.
Applications are open to ergonomists inter-
nationally.

Certification will be based on an evalua-
tion of work samples and supporting docu-
mentation through December 31, 1993.
The application processing fee is US $200
(nonrefundable) with an annual renewal
fee of $75. After December 31, 1993
applicants will be required to pass a written
examination.

The Board of Certification in Profes-
sional Ergonomics was formed as a non-
profit corporation in 1990. Although the
Board was established with support from
the Human Factors Society, it is indepen-
dent of any professional, scientific, or trade
association.

Current members of the Board are
Alphonse Chapanis, Ph.D; David Meister,
Ph.D.; Melvin H. Rudov, Ph.D.; Hal W.
Hendrick, Ph.D.; George A. Peters, ]. D.; H.
Harvey Cohen, Ph.D.; David J. Cochran,
Ph.D,; Jerry R. Duncan, Ph.D.; Steven M.
Casey, Ph.D. The Executive Director is
Dieter W. Jahns, M.S.

Liveware Survey Progressing

Liveware is the term used by NATO
Research Group (RSG.21) to describe Hu-
man Systems Integration tools and data-
bases. The Liveware survey was described
in the March-April 92 issue of Gateway.
Thanks to a good initial response, we now
have over 178 Liveware tools and data-
bases listed in the Liveware database. While
the Liveware database contains many hu-
man factors tools, we believe that we're just
scratching the surface. If you are the devel-
oper, owner, or a major user of a Man-
power, Personnel, Training, Safety, Health
Hazard, or Human Factors Engineering
tool, technique, database, or laboratory/
test facility that can be used during systems
acquisition, the sponsor, Lt. Col. Mike Pearce
of the OASD (FM&P)/R&R(TFR) Human
Systems Integration Office, urges you to
participate in the Liveware Survey. Please
phone, fax, or E-mail us to receive your
copy of the survey in paper or DOS com-
puter disk copy. The completed Liveware
project should be a great help to all who
attempt to consider and integrate human
issues during the acquisition process. In
addition, your participation will give notice
to the “acquisition world” of your tool or
database.

Dr. Mona ]. Crissey, Defense Training
and Performance Data Center, 3280 Progress
Drive, Orlando, FL 32826-3229, Phone:
407-218-3743, FAX: 407-282-8922, E-Mail:
TPDC047@TPDC. Navy.MIL.

or Frank C. Gentner, AL/CFH/CSERIAC,
Wright-Patterson AFB, OH 45433-6573,
Phone: 513-255-4842, DSN: 785-4842, FAZX:
513-255-4823, E-Mail:
FGentner@Falcon. AAMRL.WPAFB. AF.MIL.

Dr. Mona Crissey is the Liveware Pro-
gram Analyst at the TPDC.

Frank Gentner is the CSERIAC Senior
Technical Analyst assisting in this study.
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snortcourse ENGINEERING ANTHROPOMETRY 0ctober 21-22, 1992

COURSE DESCRIPTION

This course will include description and
demonstration of anthropometric measure-
ment technologies, both traditional and
new, 3-D surface-digitizing technologies,
training in the use of the on-line Comput-
erized Anthropometric Research and
Design (CARD) database, training in
statistical methods for design applications,
a review of methods for applying
anthropometry to the development and
testing of protective equipment and
clothing, and an introduction to the use of
multivariate techniques for determining
body size accommodation in cockpits.
The course fee includes the connection fee
for accessing the CARD Database at
Level 1, and all students will have access
to that resource upon completion of the
course.

COURSE INSTRUCTORS

Kathleen Robinette is program manager and senior technical
expert for exploratory development efforts for the USAF in
anthropometry, and its application to the design and evaluation of
protective equipment and clothing. She is one of the leading
national experts in anthropometry with fourteen years of practical
experience. She holds a B.A. in Anthropology, an M.S. in Statis-
tics, and is a Ph.D. candidate in Biostatistics at the University of
Cincinnati. While at the Armstrong Laboratory she managed the
development of an automated 3-dimensional human body digitiza-
tion system. She pioneered the development of anthropometrically
based sizing systems and quantitative fit evaluation procedures that
are being adopted by the Department of Defense and by industry as
well. As the USAF representative to a multi-national standards
organization, she was instrumental in the development of an
international standard for anthropometric measurement.

Greg Zehner is the USAF focal point for the application of
anthropometric data to the design and evaluation of aircraft
crewstations. He has eleven years of practical experience in
anthropometry and holds a B.S. in Anthropology and an M.A. in
Physical Anthropology. He has developed multivariate
anthropometric techniques for specifying cockpit accommodation,
which are being used in all new USAF aircraft procurements. He
has also developed applied techniques for evaluating and determin-

LOCATION:

Armstrong Laboratory,

Crew Systems Directorate,

Human Engineering Division,
Wright-Patterson Air Force Base, OH

DATE:
October 21-22, 1992

COST:
U.S. Government Employees $250
Non-government Employees $500

DEADLINE FOR REGISTRATION:
October 9, 1992.
Course will be limited to 30 attendees

FOR MORE INFORMATION CONTACT:
Wes Grooms, Course Administrator
CSERIAC Program Office

(513) 255-4842

ing the limits of anthropometric accommodation in cockpits.
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Armstrong Laboratory Colloguium Series
Human-Computer Interaction is not Enough:
Considering Multi-Disciplinary Factors Underlying

Human Error

James Reason

Editor’s note: Following is an abstract
based on Dr. Reason’s presentation as the
third speaker in the Armstrong Laboratory
Collogquium Series: The Human-Computer
Interface. Dr. Aaron Schopper, CSERIAC
Chief of Technical Services and Analyses,
edited this abstract which was prepared by
Dr. Reason.

he past few decades have

seen radical changes in the

relationship between com-
plex technological systems and the
people who nominally control them.
Systems have become more automated,
control has become more centralized
in the hands of fewer operators (often
remote from the process), systems
have become more complex (.e.,
more interactive and tightly coupled)
and more dangerous (i.e., bigger in-
ventories, more potential victims), and
systems have incorporated many de-
fenses against both human and tech-
nical failures.

These changes have substantially
lessened the risk of disaster due to any
single failure, either technical or hu-
man. Butit renders these systems prey
to “organizational accidents” due to
the insidious accumulation of latent
failures, some of which may have ac-
crued over long periods of time.

In the past few years, there have
been a number of “organizational acci-
dents” affecting a wide range of sys-
tems: nuclear power plants (Chernobyl),
chemical process plants (Bhopal), air-
craft (Kegworth), ro-ro ferries
(Zeebrugge), spacecraft (Challenger),

oil rigs (Piper Alpha), railways
(Clapham) and football grounds
(Hillsborough). Although the surface
features of these accidents are quite
different, they share a number of com-
mon properties: they occurred in well
defended, complex socio-technical
systems; the root causes were present
long before the accident sequence
began; they were caused by human
rather than technical failures; and they
were all multiple-cause accidents.

These disasters indicate the need to
distinguish between two kinds of hu-
man failure: active failures (those
wherein errors and violations at the
“sharp end” have an immediate impact
upon the integrity of the system), and
latent failures (those involving delayed-
action failures that may lie dormant for
a long time before they interact with
active failures and local triggers to
breach or bypass the system’s defenses).

Latent failures are likened to resident
pathogens in the human body. They
cause illness through the unforeseen
interaction of several factors, each nec-
essary, but no one sufficient to bring
about a catastrophic breakdown. But
whereas active fajlures and local trig-
gers are hard to anticipate, pathogens
can be assessed proactively. Efforts at
identifying and eliminating pathogens
are likely to be more cost-effective
than trying to prevent active failures.

The causes of “organizational” acci-
dents may be broken down under four
headings, working backwards from the
accident event: failed or absent de-
fenses, unsafe acts, errors or violations,
and organizational processes.

Errors and violations have different
psychological origins and different re-
medial implications. Task and envi- |
ronmental conditions are likely to pro-
mote errors and violations. Whereas a
great deal is known from the human -
factors literature regarding error-pro- -
ducing conditions, we can still only
speculate about the factors promoting
violations. But they likely will have to

Organizational Failure Types

I Incompatible goals

B Organizational deficiencies

M Inadequate communications
M Poor planning and scheduling

M Inadequate control and
monitoring

M Design failures

W Unsuitable construction or
materials

M Poor procedure

M Inadequate maintenance
management

M Poor training (and selection)
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do with social and motivational fac-
tors: beliefs, attitudes, norms, percep-
tions of risk, safety culture, etc.

Organizational-process-related con-
tributions to—or “causes” of—acci-
dents may be complex and difficult to
disentangle. All technological organi-
zations are involved in designing, build-
ing, operating, maintaining, communi-
cating, managing, organizing, and set-
ting goals. All these processes are
likely to involve fallible decisions giv-
ing rise to the 10 basic organizational
failure types (OFTs) cited in the table.

The view of accident etiology that
has been described has two practical
implications: (1) it provides a prin-
cipled basis for backtracking from the
accident event to the latent causal
factors, and, more important, (2) it
directs the regular monitoring of “vital
signs” at different levels of the organi-
zation. These reactive and proactive
measures are being applied (or will
be) by a variety of organizations, e.g.,
oil exploration and production com-
panies (Shell International), railway
operations (British Rail), aviation engi-
neering establishments (British Air-
ways), and nuclear power plants (U.S.
Nuclear Regulatory Commission).

In summary, in an age of increas-
ingly complex technologies, it is rare
that an accident can be attributed to a
single proximate “cause.” Accord-
ingly, efforts to diagnose and discern
possible contributing factors—and the
error-producing potential of their in-
teractions over time—are becoming
equally demanding in terms of both
the breadth of factors that must be
considered and the levels of complex-
ity and sophistication required. Albeit
the computer proliferates in the envi-
ronments of “high tech” organizations,
and the design of the human-com-
puter interface (HCD is an important
issue, to focus upon the HCI as the area
of principal concern is simply “not
enough.” @

James Reason is a Professor of Psychology at
the University of Manchester, Manchester,
United Kingdom.

Scenes from the Armstrong Laboratory Colloquium Series:

Dr. Reason making a point about the types of buman errors frequently made. Photo by Dan
Churchill.

Dr. Reason talking with Dr. Kennetb R. Boff, Chief of the Human Engineering Division and
sponsor of the Colloquium Series, following the lecture. Photo by Dan Churchill.
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Armstrong Laboratory Colloguium Series

A Conversation With James Reason

Reuben L. Hann

Editor's note: The following is an edited
transcript of a conversation with Dr. James
Reason, University of Manchester, UK, who
bad just made a presentation as the third
speaker in the Armstrong Laboratory
Colloquium Series: The Human-Computer
Interface. The interviewer was Dr. Lew
Hann, CSERIAC COTR.

SERIAC: The problem of
human error has become
an especially “hot” topic in
the last few years. How long have you
been interested in the problem?

Dr. Reason: [ have been involved
with human error and related areas
since 1962—more than thirty years.
The first ten years were involved with
the study of spatial disorientation and
motion and space sickness—sensory
error, if you will. I spent several years
in the late sixties working on these
problems with NASA at Pensacola. I
then got interested in the problem of
aircraft accidents. I noted that the inci-
dents reported as being due to human
error seemed to fall into

occurs when planned actions fail to
achieve their intended goal, where
those deviations are not due to some-
thing like misfortune or “acts of God.”
The error can occur two ways. In the
first case, you can have an excellent
plan, but actions fail to follow the plan.
The other is that you have a poor plan
and the actions do follow the plan. The
first we call slips or lapses, the latter are
mistakes, where there has been a prob-
lem assessing the information and judg-
ing possible outcomes.

CSERIAC: Findings from accident
investigations seem to be showing an
increasing tendency to blame the inci-
dent on “human error.” Do you think
this is just a convenient way to divert
blame from more fundamental system
design flaws?

Dr. Reason: The term “human er-
ror” is, in a sense, an institutional cop-
out. It allows the organization to say
that this person deviated from estab-
lished procedures. The problem is, of
course, that “error” is a catch-all term.

accident. Probably two were errors;
the rest were violations. From a psy-
chological point of view they have
quite different mechanisms, and
from a remediational point of view
they have very different means of try-
ing to correct them. So the distinction
is quite important.

Returning to the question of blame,
one of the things that the aviation indus-
try is becoming aware of now is that
cockpits are “booby-trapped”; that is,
pilots and aircrew are often the inheri-
tors of latent failures in the system,
rather than the instigators of the accident
directly themselves. Most of the work 1
have been doing the past few years is to
investigate the large-scale “organiza-
tional” accidents—ones in which the
precursors can be traced back in the
organizational chain. The Challenger
accident is one such example.

CSERIAC: Asyou know, we here at
Armstrong Lab are very interested in
human-computer interface design is-
sues. Could you say a bit about how
your work might relate to this area?

two categories. In one
kind, the pilot seems to
have pulled the wrong
lever or to have thrown
the wrong switch; that
is, the “plan” was good,
but there was a devia-
tion from the intended
behavior. In a large

“One of the things that the aviation industry is becoming aware
of now is that cockpits are ‘booby-trapped’; that is, pilots and
aircrew are often the inheritors of latent failures in the system,
ratherthanthe instigators of the accident directly themselves.”

Dr. Reason:
Certainly ourwork
inerrors is directly
related. We tried
to identify the ba-
sic cognitive pro-
cesses that lead to
error. Errors tend
to be shaped by

group of other cases, the
pilots seemto have made
a fundamental misjudgment about their
capabilities and about the weather. That
is, they had a bad plan.

CSERIAC: Could you expandabitabout
how this relates to human error in the more
general sense?

Dr. Reason: Well, one working
definition of error is that an error

I think it is important to distinguish
between errors and violations. They
are both potentially unsafe acts, but
errors have to do with information-
processing problems, while violations
are deliberate deviations from safe
operating procedures—for what
seemed like a good idea at the time.
For example, analysis showed that there
were seven unsafe acts at the Chernobyl

two “primitives” in
retrieving knowl-
edge. The first matches like to like: the
representativeness heuristic or similar-
ity bias. In the other case, where the
conditions in the world match more
than one schema, the potential conflict
tends to be resolved in favor of the
most frequently encountered version.
Errors tend to occur under conditions
of “underspecification” of mental op-
eration. Underspecification can occur
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in several ways. For example, you can
have incomplete knowledge or impov-
erished sense data, you can be inatten-
tive at some critical point in an action
sequence, you can be stressed and
have working memory preempted by
other matters, or any of dozens of other
possible forms of mental operation
underspecification. The outcome of all
this is rather stereotypical: the system
tends to default to something which is
contextually appropriate and tends to
be the high-frequency option. It seems
to me that an understanding of this
basic error-producing dynamic is quite
important for designers, because when
you design an interface you must be
aware of the sorts of things which will
provoke error.

The goal of an error theory is to state
under what circumstances an error
will occur, and, given those circum-
stances, what kind of error—qualita-
tively—you might expect to find.
These predictions can be quite power-
ful, if banal. I might, for example,
predict that in January 1993 you will
probably be writing checks with
1992 on them. While this may seem

obvious and trivial, it is really very
powerful. It says that erroneous ac-
tions tend to be strong habit intrusions,
well-rehearsed coherent pieces of ac-
tion that simply were not appropriate
at the time. The same thing applies to
mistakes, 1 would argue. The first of
these is rule-based, where you have
some pre-packaged knowledge of
problem solutions, but where you
make an error either by misapplying
a good rule (applying brakes while
on ice). or by applying a bad rule
that somehow found its way into
your repertoire. The other kind of
mistake is knowledge-based, it occurs
when you have no applicable rules,
when you are thinking “on-the-fly.”
Humans are put in complex systems
to handle just these sorts of situations,
but the fact is, they are not very
good at it. I think that one can say
that, where people are underspeci-
fied, either as a consequence of
not being able to see all of the prob-
lem space, or not having complete
information, then there is a tendency
to make stereotypical, conventional-
ized responses. @

Request for Topics
For
State-of-the-Art-Reports (SOARS)

CSERIAC makes every effort 1o be-
sensitive tothe needs of its users. There-
fore. we are asking vou o suggest
possible topics for future SOARS that
would e of value to the THuman Fae-
tors Ergonomics community. Previous
SOARs have included Hypertext: Pros-
pects and Problems for Crew System
Desien by Robert J. Glushko, and Thiree
Dimensionel Displays: Perception. -
plication. Applications by Christopher
D, Wickens, steven Todd, & Karen
scidler. Your input would be greatly
appreciated. We are also looking for
sponsors of future SOARs. CSER
contractually convenient. cost ¢ tve
means 1o produce rapid authoritive
reports.

send vour suggestions and - other
replies o Dr. Lawrence Howell Associ-
e Director CSERIAC Program Office,
AL CEFIT CSERTAC. Wright-Patterson
AFB, O 15133-6573.

Up-to-date information for those who
need it

CONFERENCES MADE EASY

gimplify your life by letting CSERIAC manage your next conference,

workshop, or symposium. We offer great flexibility as we can manage an

CSERIAC Program Office
AL/CFH/CSERIAC
Wright-Patterson AFB, OH 45433-6573

event anywhere and handle all the details, from start to finish. We will select
the best site, order coffee breaks and meals, reserve audio-visual equipment,
prepare course notebooks, arrange for overnight accommodations, design and
print your invitations and announcements, invite your guest speakers, arrange
for press coverage, and publish the proceedings. There is no need to use

muitiple organizations to manage your event.

For further information on using these conference administration services, contact:

Commercial (513) 255-4842
Fax: (513) 255-4823
Autovon: 785-4842 e
Fax: 785-4823 ARMY

NAVY AIR FORCE NASA FAA NATO
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SGOPE Delivers First Products

R. Bruce McCommons
Robert K. Cofod

ne of the most important
things that human factors
engineers are asked to do
in support of system acquisitions is to
provide input to the Request for Pro-
posal (RFP). While sometimes under-
estimated, the importance of doing
this job right is critical because the RFP
is the precursor to a contract and
contractors can only be expected to do
what they get paid for. Simply put, if
itisn’tin the contract, it won’t be done.
Thus, if Human Factors Engineering
(HFE) program and design require-
ments are not properly established in
the RFP, they will not be incorporated
in the final contract and will probably/
not be reflected in the system design,.
Unfortunately, doing the job right is
extremely difficult because it requires
knowledge in so many different areas.
As a minimum, in addition to having
HFE expertise, one must also be well-
versed in DoD materiel acquisition ;
policies and procedures, Governmen:
procurement regulations, specificatio
practices and data management proce
dures, basic contract law, and, in genéé
eral, how an RFP is constructed.
Such diverse knowledge is required
because, to be considered complete,
an RFP package would have to include
the following: definition of how the
system is to look and act (i.e., the
system specifications); a description of
the work the offeror would be re-
quired to do to ensure that the system
looks and acts as specified (i.e., the
Statement of Work [SOW]); a compila-
tion of the data required to support the
various HFE program activities (i.e.,
the Contract Data Requirements List
[CDRLD; instructions on how an
offeror’s proposal will be evaluated

(i.e., SECTION L); and a definition
of the evaluation factors for award
and their relative weighting (i.e., SEC-
TION M). Last, but not least, all the
various inputs must be coherent, un-
ambiguous, and consistent with one
another because any error, coritradic-
tion, or omission can have - serious
rlpple effects. '

Reahzmg the comp]ex1t1es of craft-
nodel RFP, the U.S. Army Human
ring Laboratory (HEL) initiated
a_program designed to make the job
easiet. This program was started
thr”ee years ago and has come to
; own as SCOPE, for Smart COntract )
aratmm ﬁnwronment :
om its beginning, the SCOPE pro-:
‘had two thrusts. The flrst wasto |

gence, kn@wledge based and expert
systems, ‘and object-oriented design: -
and programmmg Included in this
process was th collecuon of data from
subject-matter experts regarding what-
human' factors® engmeers actually -
“did” in support of a system develop-
ment and under what circuiristances. -
Also included was knowledge engi-
neering regarding the content of the
various parts of the RFP and their
interrelationships.

The second thrust focused on us-
ing the emerging technology to de-
velop tools to simplify and expedite
the process of preparing the RFP. Asa
result, three products have been com-
pleted so far. The first, SOW Maker, is
used to produce an SOW based on user
inputs describing various system char-

acteristics. User inputs are made by
responding to a series of prompts re-
garding the acquisition phase, what
the system does, how it will be used
and in what environment, and the
existence of any special functional or
design concerns. Each of these prompts
is essentially a “trigger” that enlivens a
piece or pieces of text for incorpora-
tion as work statements and, depend-
ing upon the combination of triggers
selected, the permutations of these text

"objects can become almost infinite.

After the user has responded to all the

"| -system prompts, SOW Maker assembles

the operative text objects and outputs
a draft SOW.. Should this draft not be

- ‘completely acceptable as is, it can be

edited using standard word-process-

" ing procedures.

The second product, SPEC Maker,
facilitates the tailoring of two com-
nly used HFE design standards (i.e.,

"1 "MIL-STD-1472D [Human Engineering
- ‘Design’ Criteria for Military Systems,
~ Equipment and Facilities] and MIL-

STD-1474C [Noise Limits for Military
Materiel] for incorporation in the sys-
tem specifications). By navigating
through a series of display screens
which depict the table of contents of
the two documents (see Fig. 1), the
user selects the design criteria appli-
cable to the system being procured.
Once the user has finished making
these selections, SPEC Maker auto-
matically generates inputs for the three
required sections of the system speci-

i fications (i.e., SECTION 2, APPLICABLE

DOCUMENTS; SECTION 3, REQUIRE-
MENTS, and SECTION 4, QUALITY
ASSURANCE PROVISIONS). Should
the user wish to modify these inputs,
changes can be made using standard
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4.1
042
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Select the portions of 14?20 that you wish to be applicable.
Indentured subsections will automatically be included. You

can exclude or include any subsections ind

1. SCOPE -,

2. APPLICABLE BOCUMENTS
3. “DEFINITIONS _ -

[J4. GENERAL REQUIREMENTS .

Dbjectives ...
Standardization

Function'allocation

Human engineering design

fail safe design

Simplicity of design _._

interaction

safety

Ruggedness _

Design for NBC sur ty

flesign for electromagnetic pulse (EMP) h

L Figure 1. SPEC Maker: initial MIL-STD-1472D selection screen.

rint DD 1423(s)| |Print DD 1664(s

word-processing techniques.

The third product, CDRL Maker, takes
all the work out of preparing the
dreaded DD Forms 1423, the Contract
Data Requirements List. It also facili-
tates tailoring of the human engineer-
ing Data Item Descriptions (DIDs), DD
Forms 1664.

Embedded in CDRL Maker are DD
1423 templates for the 10 HFAC data
items and the DIDs themselves (see
Fig. 2). Once a data item is selected,
the user is presented with a graphical
representation of a DD 1423 with most
of the required blocks already com-
pleted. If this defaulted information is
not considered appropriate, the user
can change it through the use of field-
sensitive, pull-down menus that con-
tain all the currently legal entries. Al-
ternatively, the user can type directly
into any of the data fields using stan-
dard word-processing procedures.
Once the user is satisfied with all the
entries, an exact hard copy 1423 print-
out can be obtained from a laser printer.
CDRL Maker also allows the user to
display, edit, and print any of the
HFAC DIDs.

SPEC Maker and CDRL Maker are
mature products, come with user’s
manuals, and are presently being of-
fered to the public through CSERIAC.
While a powerful tool, the prototypical
version of SOW Maker is not being
made available except for demonstra-
tions because it relies on proprietary
software and requires an expensive
hardware key to run. However, a new
version is presently being developed
which will not have these shortcom-
ings and is expected to be ready before
the end of the year. Anyone wishing
to see the prototype should contact the
principal author at the U.S. Army Hu-
man Engineering Laboratory, Aber-
deen Proving Ground, MD 21005-5001,
(410) 278-5175.

Future plans for SCOPE include the
development of tools for the prepara-
tion of the RFP Sections L and M and
the expansion of SCOPE into the other
five domains of MANPRINT. As new
products are developed, HEL plans to

Continued on page 18
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& Figure 2. CDRL Maker: data item selection screen.
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What is a Technical Inquiry?

Simply stated, a technical in-
quiry is a request for ergonom-
ics information. In general, er-
gonomics information is tech-
nical knowledge about human
abilities and performance, which
can be used to enhance equip-
ment design and development.

CSERIAC ’s answer to inquir-
ies can take many forms, in-
cluding customized biblio-
graphic searches, review and
analysis of research, recommen-
dations based on analyses, and
expert consultation referrals.
We have grouped these into
three basic categories, based on
the kind and amount of ergo-
nomics expertise applied to the
problem. The three categories
are Search and Summary, Re-
view and Analysis, and Techni-
cal Area Tasks. A fixed fee
has been established for the
first two; Technical Area Tasks
must be negotiated on an indi-
vidual basis.

Search and Summary

Search and Summary consists
of aliterature search and a print-
out of relevant abstracts, which
are then bound in a booklet. A
professional human factors ana-

lyst reviews the abstracts and
identifies the most pertinent.
The human factors analyst also
consults references within
CSERIAC’s immediately ac-
cessible resources and provides
comments and/orexcerpts from
these references. The main
purpose of this level of response
is to provide a very rapid
response to requests for techni-
cal information.

Review and Analysis

This level of response includes
all of the above plus direct con-
tact with subject-matterexperts,
a 3-to-7 page white paper syn-
thesizing the results of the tech-
nical review, complete copies
and/or excerpts from relevant
documents, and names, ad-
dresses, and telephone num-
bers of subject-matter experts.
It also includes the requisite
materials for access to data-

bases and personal contact with
the subject-matter experts. The
main purpose of this level of
response is the in-depth synthe-
sis of the literature with the
formation of an authoritative
“conclusion” or answer regard-
ing the question posed.

Technical Area Tasks

In this category are those in-
quiries requiring major
CSERIAC time and material
expenditures, such as prepara-
tion of state-of-the-art reports
(SOARs), critical reviews,
technical assessments, and
handbooks, organizing work-
shops and symposia, or exer-
cising computer models in
our technology transfer inven-
tory. The main purpose of this
level of response is an exten-
sive customized effort directed
at solving the customer’s par-
ticular needs.

Previous

TOPICS

Pilot Decision-Making

Under Stress

Speech Synthesis and

Recognition

Human Tolerances to

Impact

Operator Workload

Assessment: Subjective

Techniques

B Design Guidelines for
Human- Computer
Interaction

B Cumulative Trauma
Disorders in the
Workplace

M Shift Work and Sleep

Deprivation

Human Error

International

Anthropometric Data

Sources

B Color Coding and

Visual Displays

Previous

CUSTOMERS

H NASA

B General Motors
Corporation

B AT&T Bell Laboratories

B US Army Tank-
Automotive Command

B University of lllinois

B Texas Instruments Inc.

B US Consumer Product
Safety Commission

B NCR Corporation

B Naval Air Warfare Center

B Ford Motor Company

B FAA Technical Center

B US Nuclear Regulatory
Commission

For More Information Contact:
Mike Gravelle

Senior Technical Analyst
CSERIAC Program Office
(513) 255-4842
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Color in Electronic Displays

David L. Post

olor electronic displays are

replacing monochrome

ones in virtually every ap-
plication. Consumers rarely buy black-
and-white televisions nowadays, and
the growing popularity of color-coded
graphical user-interfaces for personal
computers is causing a similar extinc-
tion on our desktops. Monochrome
has some niche markets, particularly
those requiring the highest possible
luminance, resolution, compactness,
and/or cost effectiveness; however,
the performance of color displays has
become satisfactory for most applica-
tions and continues to improve while
the cost differential for color versus
monochrome keeps narrowing and,
for many purposes, has become incon-
sequential already.

It isn’t difficult to understand the
popularity of color displays. Most of us
recognize from personal experience
that, when they are designed propetly,
they are not only more pleasing aes-
thetically than monochrome displays,
but also convey more information and/
or do so faster. The catch is that color
must be used “properly,” and informa-
tion about how to do this can be hard
to find, particularly for non-specialists.

In 1987, NATO formed Research
Study Group (RSG) 13 for the purpose
of developing and distributing guid-
ance regarding the use of color on
electronic displays. During our first
meeting, we discussed the fact that,
although a tremendous amount of in-
formation exists concerning color vi-
sion, color perception, colorimetry, and
color displays—much of it relevant to
display design—it is scattered across
numerous texts, journals, conference
proceedings, and technical reports. We
decided that we could fulfill the RSG’s
purpose best by producing a book that
consolidates and summarizes this in-
formation, emphasizing those aspects
most applicable to display design. The
major intended audience would be
engineers, scientists, and designers who

wish to work with color displays but
are unfamiliar with the underlying sci-
ence; however, we anticipated that
more advanced readers might benefit
as well from an up-to-date and com-
prehensive review.

We developed an outline, recruited
authors, reviewed draft chapters, and
performed the editing required to turn
a collection of manuscripts into a fin-
ished book. Color in Electronic Dis-
plays, published recently by Plenum
Press, is the final result. The 335-page
book consists of 11 chapters, written
by 10 internationally recognized ex-
perts (plus myself) covering the phys-
ics, psychophysics, and psychophysi-
ology of color information display.
It includes 108 figures, 20 tables,
87 equations, and over 900 refer-
ences, as well as complete subject and
author indices.

The book is organized in four major
sections. The first is intended to ac-
quaint the reader with basic facts con-
cerning color vision, perception, and
measurement. Chapter 1.1 (Jan
Walraven) discusses the perceptual,
psychological, and psychophysical di-
mensions of color, introduces CIE colo-
rimetry and the notion of color space,
describes the basic types of defective
color vision and their consequences
for display design, and concludes with
an example that illustrates the applica-
tion of this knowledge to the design of
a color-coded display. Chapter 1.2
(Terry Benzschawel) explains the CIE
system of colorimetry and its origins in
detail and then goes on to discuss the
CIE uniform color spaces and several
important alternatives.

The second section is devoted to
research on color vision. Chapter 2.1
(Harry L. Snyder and Leonard J. Trejo)
reviews the major psychological, physi-
ological, and behavioral research meth-
ods that have been used, discusses
their advantages, disadvantages, and
interrelationships, describes typical
results, and concludes with guidance

concerning the use of these methods.
Chapter 2.2 (David L. Post) introduces
many of the applied problems in color
vision that have been investigated and
reviews the research findings. Chapter
2.3 (S.M. Luria) focuses on the effects
of the environment on color vision
and summarizes much of what has
been learned to date.

The third section is concerned with
the application of color science. Chap-
ter 3.1 (V. David Hopkin) discusses
practical issues and problems in the
use of color on displays, as well as
specific applications, including aircraft
cockpits, maps and charts, air traffic
control, command and control, and
word processing. Chapter 3.2 (J.D.
Grossman) reviews conventions that
have evolved for the use of color and
standards developed by military and
civilian organizations.

The last section covers electronic
color-display technology. Chapter 4.1
(T.R.H. Wheeler and M.G. Clark) treats
CRTs, starting with their history, basic
principles of operation, and major
applications. The chapter then pro-
ceeds to specific designs, including
the shadowmask, beam-indexing,
beam-penetration, field-sequential, and
multi-element array technologies; dis-
cusses phosphors and the design of
phosphor screens; and concludes with
a description of extended and high-
definition television and “virtual
worlds” displays. Chapter 4.2 (M.G.
Clark) explains flat-panel color dis-
play technology, including thin CRTs,
vacuum fluorescent, plasma, light-
emitting diode, electroluminescent, lig-
uid crystal, electrophoretic, electro-
chromic, and electromechanical de-
signs. Chapter 4.3 (Ronald S. Gold)
covers the major types of color projec-
tion displays, including those based
on CRTs, light valves, and lasers, and
concludes with a discussion of projec-
tion screens and their impact on the
final image. Chapter 4.4 (David L.

Continued on page 18
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COLOR IN
ELECTRONIC
DISPLAYS

EDITED BY
HEINO WIDDEL
AND

DAVID L. POST

AN

Color in Electronic Displays (Heino Widdel
& David L. Post, Eds., 1992).

Post) is concerned with measuring and
predicting the colorimetric behavior of
displays. It treats the design, use, and
calibration of colorimetric instruments,
calibration of color displays, techniques
for predicting a display’s color output,
and methods for enhancing the accu-
racy of the predictions.

Color in Electronic Displays was ed-
ited by Heino Widdel of the
Forschunginstitut fiir Anthropotechnik
and me, with Jeffrey D. Grossman of
the Naval Ocean Systems Center and
Jan Walraven of the Institute for Per-
ception (TNO) as associate editors.
CSERIAC is distributing the book
through special arrangements with the
publisher. Itisavailable for $45. Please
contact the CSERIAC Program Office
for ordering information. @

David L. Post is an Industrial Engineer in
the Human Engineering Division of the
Armstrong Laboratory, Wright-Patterson Air
Force Base, OH.

SCOPE Continued from page 15
continue making them available for
the HFE and Human Systems Integra-
tion (HSD communities.

SCOPE is being developed under
contract with LICA Systems, Inc.,
Fairfax, VA. Itis designed to run on the
Macintosh II family of personal com-
puters. Other operating requirements
are Macintosh system software, ver-
sion 6.0 or later, a 13-inch color moni-
tor, 2 minimum 2 megabytes of RAM,
one 3.5-inch floppy drive, a minimum
20-megabyte hard drive, and any word
processor written for the Macintosh. @

Bruce McCommons is an Engineering Psy-
chologist for HEL, Aberdeen Proving
Ground, MD. He is the SCOPE functional
developer and Contracting Olfficer’s Repre-
sentative (COR).

Bob Cofod is the president of LICA Systems,
Inc., Fairfax, VA, the technology and soft-
ware developer.

AN ERGONOMIC APPROACH
TO ERGONOMIC DATA

S

Gngineen‘ng Dala Compendium: Human Perception and Performance is a
landmark human engineering reference for system designers who need an
. easily accessible and reliable source of human performance data. Editors Kenneth R.
Boff and Janet E. Lincoln make understanding, interpreting, and applying technical
information easy through their innovative format. This four volume, 2758 page set
features nearly 2000 figures, tables, and illustrations in several well structured ap-
proaches for accessing information. Brief encyclopedia-type entries present informa-
tion about basic human performance data, human perceptual phenomena, models and
quantitative laws, and principles and nonquantitative laws. Section introductions

provide an overview of topical areas. Background information and tutorials help users

— i - yunderstand and evaluate the material.
Engingering Data Compendium: Human Factors

and Performance edited by Kenneth R. Boff and

) For further information on the Engineering Data Compendium, contact:
Janet E. Lincoln (1988)

CSERIAC Program Office
AL/CFH/CSERIAC

Wright-Patterson AFB, OH 45433-6573
Commercial:  (513) 255-4842

Fax: (513) 255-4823
Autovon: 785-4842 i
Fax: 785-4823 ARMY NAVY AIR FORCE NASA FAA NATO
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ne Size Fits All?

Of Course not...but are you
making this assumption when design-
ing equipment for the human operator?
Many designers continue to work on the
assumption that humans should be
forced to “fit” the system, rather than
the other way around. People differ not
only physically, but mentally and emo-
tionally as well. These “human factors”
need to be considered in any complex
man-machine system. For the right de-
sign decisions you need an ergonom-

ics information source which provides
fast, accurate, expert advice and tools.
The Crew System Ergonomics Infor-
mation Analysis Center (CSERIAC, for
short) is your one-stop human factors
technology “store.” With one phone
call, you can have your technology
questions answered, customized litera-
ture searches carried out, purchase state-
of-the-art ergonomics software, oreven
have a human factors workshop planned
and conducted for you.

Sound interesting? Call (513) 255-4842
today for more information

CSERIAC: Your Human Factors
Technology Store.

CSERIAC Program Office
AL/CFH/CSERIAC

Wright Patterson AFB, OH 45433-6573
Tel: (513) 255-4842 Fax: (513) 255-4823

ARMY NAVY AIR FORCE NASA FAA NATO
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GSERIAC
PRODUCTS AND
SERVICES

CSERIAC's objective is to acquire,
analyze, and disseminate timely infor-
mation on crew system ergonomics
(CSE). The domain of CSE includes
scientific and technical knowledge and
data concerning human characteris-
tics, abilities, limitations, physiological
needs, performance, body dimensions,
biomechanical dynamics, strength, and
tolerances. It also encompasses engi-
neering and design data concerning
. equipment intended to be used, oper-
ated, or controlled by crew members.

CSERIAC's principal products and
services include:

B technical advice and assistance;

B customized responses to biblio-
graphic inquiries;

B written reviews and analyses in
the form of state-of-the-art reports and
technology assessments;

B reference resources such as hand-
books and data books.

Within its established scope, CSERIAC
also: .

B organizes and conducts work-
shops, conferences, symposia, and
short courses;

B manages the transfer of techno-
logical products between developers
and users;

B performs special studies or task.

Services are provided on a cost-
recovery basis. An initial inquiry to
determine available data can be ac-
commodated at no charge. Special
tasks require approval by the Govern-
ment Technical Manager.

To obtain further information or re-
quest services, contact:

CSERIAC Program Office
AL/CFH/CSERIAC
Wright-Patterson AFB, OH 45433-6573

Telephone ..........c.....c........ (513) 255-4842
DSN i 785-4842
Facsimile .......c..c..occoenin. (513) 255-4823
Government

Technical Manager ............ (513) 255-8821

Associate Director: Dr. Lawrence D.
Howell; Government Technical Manager:
Dr. Reuben L. Hann; Government Tech-
nical Director: Dr. Kenneth R. Boff.

CSERIAC Gateway is published
bimonthly and distributed free of
charge by the Crew System Ergonomics
Information Analysis Center (CSERIAC).
Editor: Jeffrey A. Landis; Copy Editor: R.
Anita Cochran; Hlustrator: Timothy J.
Span; Layout Artist: Vicky L. Chambers;
Ad Designer: Kristen Cheevers.
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