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Do Pilots Need Human Factors 
Training? 
Richard S. Jensen 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

Distribution Unlimited 

Oeveral years ago, the im- 
portance of judgment in 
aviation was made clear to 

me, when I was a new hire and my 
boss and I flew a Cessna 205 (see fig.) 
with a load of passengers from the USA 
midwest to Colorado for a meeting at 
the Air Force Academy during the early 
spring. After landing for fuel in Kansas, 
we prepared for our final leg to Colo- 
rado Springs where the weather was 
"Sky obscured, 1/4 mile visibility" and 
forecast to remain the same for the rest 
of the day. At my boss's suggestion, we 
filed for Colorado Springs, with Den- 
ver Arapaho Airport (weather, "clear") 
as the alternate. During this leg, my 
boss (flying in the right seat) was on 
the radio from time to time asking for 
updates on the weather at Colorado 

Springs. "Has anyone landed there 
today?" "No," was the reply, "One Lear 
tried earlier in the day but missed." 
Despite this, he kept asking me to 
consider going to Colorado Springs 
(This was before the Federal Aviation 
Regulation [FAR] making it illegal to 
attempt an approach when the weather 
was below minimums). As we ap- 
proached Denver (we could actually 
see Arapaho Airport) he said, "Let's go 
to Colorado Springs and give it a try!" 

I thought about the situation we 
would face on a minimums approach 
into Colorado Springs. I could see him 
trying to press me (I was flying in the 
left seat.) to go "a little lower" and 
arguing with me about whether we 
could see anything on the ground 

Continued on page 2 
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while trying to maintain glideslope and 
localizer approaching 200 feet from the 
ground! He was making me feel 
"chicken." Fortunately, at this point, 
my better judgment took over and I 
said, "No, we're going to Arapaho!" 
and I took the radio, asked for the 
clearance, and landed at Arapaho Air- 
port. He did not say anything the rest 
of the way, and on the return trip I was 
given the seat in the rear. 

Until recently, pilot training has re- 
mained much the same since the Wright 
brothers. The emphasis has always 
been on teaching the technical skills of 
manipulating the airplane safely. In the 
last ten years many have recognized 
that advances in automation and cock- 
pit technology have changed the role 
of the pilot, and a strong emphasis on 
human factors is emerging. Our aware- 
ness of the "human error problem" in 
aviation began when cockpit voice 
recordings of pilot communications 
prior to fatal accidents revealed the 
enormous factor played by human enor 
in accidents. Accident statistics still show 
that over 80 percent of general aviation 
accidents are related to human factors 
(65 percent of airline accidents), and 
over half of these are due to faulty pilot 
judgment. Now the International Civil 
Aviation Organization (ICAO) has man- 
dated human factors training for pilots 
of its member countries (ICAO, 1989). 
Many countries are now including hu- 
man factors training as required curricu- 
lum in pilot training courses and pilot 
examinations (e.g., Canada and England). 
In the U.S., human factors training is not 
mandatory, but the Federal Aviation 
Administration's (FAA) Advanced Quali- 
fication Program (AQP) initiative pro- 
vides an incentive for airlines to de- 
velop and teach crew resource man- 
agement (CRM) to pilots. Many of the 
most advanced flight training programs 
taught at the university level have added 
human factors training to the curricu- 
lum (see Trollip & Jensen, 1991). Pilot 
judgment (or aeronautical decision 
making, the FAA's preferred term) is 
one aspect of human factors training 
that is gaining importance in the best 
flight training programs. 

Pilot Error 

To understand the problem of 
aviation judgment we must first look 
at human error. Pilots have long been 
dismayed by the use of the term 
"pilot error" to describe their failures, 
because it sounds as if the pilot 
were negligent in some way. In most 
circumstances resulting in pilot error 
accidents, the pilots involved were 
putting forth their best efforts to fly 
safely. To say that an accident was 
caused by pilot error and go no 
further is no better than to say that a 
mechanical failure accident was caused 
by the airplane. In both cases we are 
obliged to look further into the reasons 
for the pilot or mechanical failure 
that led to the accident. Obviously, 
mechanical failures are easier to trace 
because there is usually an abundance 
of physical evidence to show the 
way. The reasons for pilot failures are 
more difficult to discover, but they 
usually can be found as well, if one is 
willing to use psychological and 
sociological expertise and probe into 
the behavior and thought patterns of 
the crew involved. 

In continuous controlled flying we 
are always comparing intended or de- 
sired outcome with actual outcome to 
know what to do with the controls. As 
these two outcomes depart from one 
another, we notice them, make deci- 
sions, and act by moving the controls 
to bring the two closer together. In fact, 
straight and level flight can be defined 
as a series of error correction maneu- 
vers. To err is human; to correct errors 
is what flying is about. However, it is 
much easier for pilots to accept that 
they make control errors than to accept 
their judgmental errors. 

Judgment Definition 

There is a certain truth to the popular 
belief that judgment is simply "com- 
mon sense" applied to making deci- 
sions. "Sense" implies knowledge and 
intense awareness, realization, and 
understanding of all the factors in- 
volved in making a decision. Sense is 

generally seen as a person's ability to 
act effectively and positively in any 
given situation. "Common" refers to 
the fact that societal needs and wishes 
are known and applied to the decision. 

A popular conception of judgment is 
that it is identified as equivalent to the 
outcome. "If the decision outcome was 
positive it was 'good judgment,' and if 
it turned out badly, it was 'bad judg- 
ment.'" This restatement of "The end 
justifies the means" is clearly wrong in 
my view of aviation judgment. Judg- 
ment is not an end, but a process for 
achieving an end. Aviation judgment is 
the mental process used to formulate 
aviation decisions. The decision is the 
final stage of this mental process. As 
important as outcome is to aviation, its 
only part in the judgment process is to 
provide feedback to help us learn 
more for the next decision. 

To further clarify our terms, it is 
important to distinguish between per- 
ceptual and cognitive judgment. Pilots 
are constantly making decisions based 
on their visual perceptions. For ex- 
ample, they judge distance, clearance, 
altitude, closure rate, and speed. These 
perceptual judgments are highly im- 
portant to the pilot's task of controlling 
the aircraft. However, they do not 
require much thought and are rela- 
tively easy to learn and to perform 
consistently, particularly when the pilot 
is aware of the anomalies and illusions 
that can occur. Our concern here is with 
more complex forms that we refer to as 
"cognitive" judgment. In comparison 
with perceptual judgment, the charac- 
teristics of cognitive judgment are 1) the 
information available is more uncer- 
tain, 2) the pilot usually has more time 
to think, 3) there are usually more than 
two alternatives, 4) the risks associated 
with each alternative are harder to assess, 
and 5) the final decision is more easily 
influenced by non-flight, background fac- 
tors such as stress, fatigue, financial pres- 
sure, and personal commitment. 

To understand how one can im- 
prove aviation judgment, it is helpful to 
look at a judgment model with two 
parts. The first part, called rational 
judgment, relates to intellectual abili- 
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ties or discriminability. The second 
part, called motivational judgment, 
relates to motivation or bias. These are 
defined in the table. 

Rational Judgment 
The first part of good pilot judgment 

is the mental ability of the pilot to 
detect, recognize, and diagnose prob- 
lems, to establish available alterna- 
tives, and to determine the risk associ- 
ated with each alternative. This part is 
purely rational, and if it could be used 
alone (which is not possible), would 
allow problem solving using math- 
ematical functions in much the same 
manner as a computer. This does not 
mean it would be error free; it uses 
information that is probabilistic and, 
therefore, predicts outcomes that are 
not certain. In addition, rational judg- 
ment depends upon the amount, type, 
and accuracy of the information stored 
in the pilot's memory as well as his or 
her learned capabilities to retrieve and 
process information. To optimize ra- 
tional judgment requires high levels of 
knowledge, experience, organized men- 
tal structures, and systematic computa- 
tional and problem-solving abilities. 

Motivational Judgment 
The second part is the motivational 

or bias aspect of judgment. The em- 
phasis is on the directional rather than 
the aspects of motivation dealing with 
intensity. This part of judgment says 
that humans (and pilots) base their 
decisions, in part, upon bias factors or 
tendencies to use less than purely 
rational (as defined by society) infor- 
mation. These factors include immedi- 
ate gratification such as ego, adven- 
ture, commitment, duty, social pres- 
sure, and emotional arousal in the form 
of worry, fear, stress, anxiety, and 
euphoria, as well as more long-term 
biases such as risk-taking attitudes, 
and personality factors (e.g., fear of 
failure and defensiveness). Optimizing 
motivational judgment requires both 
1) an awareness of biasing factors and 
2) a will (motivation) to suppress these 
error-producing factors so that deci- 
sions can be made on the basis of 
relevant safety factors from the physi- 
cal world. 

Training Methods 

The best way to learn judgment is to 
discover it from the experiences of 
others. Although experience is a great 
teacher, in aviation the experience of 
others is safer. It is important to realize 
that good decision-making skills, like 

The Judgment Model 

GOOD PILOT JUDGMENT IS: 

Part I: Rational Judgment 

The ability to discover and establish the relevance of all available information 
relating to problems of flight, to diagnose these problems, to specify alternative 
courses of action, and to assess the risk associated with each alternative. 

AND 

Part II: Motivational Judgment 

The motivation to choose and execute a suitable course of action within the 
available time frame. 

Where: 

a. The choice could be either action or no action and 
b. "Suitable" is a choice consistent with "societal" norms. 

any other skill required in flying air- 
planes, can be learned more quickly 
and more safely through a systematic 
training program than through the tra- 
ditional "trial-and-error" method. So, 
we suggest the use of not only your 
own experiences but also those of 
others to develop your own flying 
judgment. 

At this time, the rational aspect of 
pilot judgment has received very little 
attention. However, there is much in 
the literature outside of aviation, in- 
cluding stockbrokers, livestock judges, 
and medical diagnosticians, indicating 
that this aspect of judgment can be 
taught. In each of the areas studied, 
judgmental training occurs over a fairly 
long apprenticeship program in which 
the trainee observes the expert make 
decisions and learns by observation. 
Bill Rouse and his colleagues have 
performed a series of experiments to 
develop fault diagnosis training sys- 
tems to be administered on computer 
(Rouse, 1979). One demonstration study 
at Ohio State (Jensen, Adrion, & Maresh, 
1986) has shown the effectiveness of 
the DECIDE model in teaching rational 
judgment to pilots. 

On the other hand, the motivational 
aspect of pilot judgment has received 
the bulk of research. Studies around 
the world have shown that motiva- 
tional training can be very effective. 
The model used in all these studies 
may be called the Attitude Model or 
Five Hazardous Attitudes: Anti-Author- 
ity, Impulsivity, Invulnerability, Ma- 
cho, and Resignation. An awareness of 
these attitudes, that are found to some 
extent in everyone, can help to de- 
velop a more positive and rational 
approach toward flying decisions. 

The most important aspect of the 
teaching philosophy is to understand 
that you cannot force people to behave 
correctly every time, but that if people 
are aware of the factors that influence 
their decision making, they will act 
closer to what society expects, which is 
closer to safety. The teaching method 
consists of showing students how oth- 
ers have found themselves in trouble in 

Continued on page 4 
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various situations. The method known 
as "situational teaching" offers actual 
incident and accident scenarios that 
show how other pilots have been influ- 

1 enced by the five hazardous attitudes. 
Exercises to develop understanding 

,! and recognition of the hazardous atti- 
tudes are used, and ways to break the 
chain of poor decisions that often lead 
to accidents are offered. Some of the 
training is done in the classroom. The 
rest is offered in simulators and in 
flight. At least one program has been 
developed by Roy Fox at Bell Helicop- 
ter to teach these concepts on com- 
puter. We are now preparing a book to 
be published in 1993 by Ashgate for 
use in teaching pilot judgment. 

Research and Operational Results 

Studies in the USA, in Canada, and in 
Australia have demonstrated that moti- 
vational judgment can be taught effec- 
tively, at least in the short term. In each 
case pilots who had been taught judg- 
ment using this model performed judg- 
ment tasks better than those who re- 
ceived conventional training. The rates 
of improvement as judged by observ- 
ers in test flights with students follow- 
ing the training have varied from 16 
percent to nearly 50 percent. 

An even more exciting result has 
been provided by two helicopter op- 
erational training studies. Petroleum 
Helicopter Inc. (PHI) and Bell Helicop- 
ter have both offered the attitude 
method of judgment training to large 
numbers of helicopter pilots. PHI has 
reported a 54-percent reduction in ac- 
cidents after giving this training to their 
pilots. Bell Helicopter in two studies 
reported a 36-percent decrease and a 
48-percent decrease in accident rates 
after the training. Both organizations 
point to the judgment training as the 
most important tool now available to 
improve safety in helicopter flying. 

OSU Aviation Education 

Clearly, human factors education and 
judgment training, in particular, are 
where the emphasis should now be 

placed in pilot training. Technical skills 
are still needed but as we move into 
more automated cockpits, decision- 
making skills need higher priority in 
training. The Ohio State University 
(OSU) is one of several universities that 
have recognized the need for this 
change in aviation education. OSU has 
taken a leadership role in the develop- 
ment of new programs to teach 
these skills. A new building has recently 
been completed on the OSU campus to 
house the Aviation Program which in- 
cludes three degrees, in engineering, 
arts and sciences, and business. 

The OSU Aviation-sponsored Bien- 
nial International Symposium on 
Aviation Psychology has been a major 
force behind a recognition by the 
whole of the international aviation 
community for human factors training 
for pilots. Strong emphases have 
been seen in the areas of cockpit 
design, crew resource management, 
and judgment training in these pro- 
grams. The next Symposium (the 
seventh) will be held April 26-29,1993 
in Columbus, Ohio. Workshops, paper 
sessions, discussion sessions, and 
aviation human factors trade exhibits 
mark this event. Attendance is ex- 
pected from all parts of the aviation 
community in the USA and at least 
30 other countries. For more informa- 
tion please contact Prof. Richard S. 
Jensen  (614-292-8378).  Associated 

with the Symposium is the quarterly 
International Journal of Aviation 
Psychology, published by Lawrence 
Erlbaum Associates, which seeks to 
provide an education for pilots through 
an application of academic, govern- 
ment, and industrial aviation human 
factors research. # 

Richard Jensen, Ph.D., is an Associate Pro- 
fessor of Aviation, Associate Professor of In- 
dustrial and Systems Engineering, and Di- 
rector'ojrthe'Aviation Psychology'Laboratory, 
The Ohio State University, Columbus, OH. 
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Position Available 
Senior Human Factors Analyst 

CSERIAC has an immediate opening for a key analyst in crew system ergonomics/ 
human factors.  Following are some of the preferred qualifications for the position. 

■ Ph.D. and 15+ years related experience in engineering or psychology with an 
emphasis on human factors. 

■ Experience in analyzing problems, finding information, and synthesizing solutions. 

■ Good communication skills (both written and oral). 
■ Flexibility and versatility in response to changeable job duties. 
■ Military experience and/or knowledge of the DoD and government agencies. 

■ Good interpersonal skills (the ability to interact productively with people in 
government and industry, as well as coworkers). 

For information about CSERIAC, contact Dr. Larry Howell at (513) 255-4842. Send 
resumes to Robert Artman, University of Dayton Research Institute, Office of Human 
Resources, Kettering Laboratory 503, Dayton, OH 45469-0105. 
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COTR Speaks 
Reuben L. Hann 

Oince the last Gateway there 
have been some personnel 
changes at CSERIAC. It was 

with mixed feelings that we said 
goodbye to Dr. Ron Schopper, our 
Chief of Technical Services and Analy- 
ses. We were unhappy to lose a good 
friend and capable staff member, but 
pleased that Ron was moving on to an 
important and challenging position 
with the National Institute of Occupa- 
tional Safety and Health. We wish him 
all the best in his new position. At 
the same time we are pleased to an- 
nounce a new face on the CSERIAC 

January 10, 1993 
Washington, DC, USA 
26th Annual Workshop on Human Factors in 
Transportation, organized by the Transportation 
Research Board, National Research Council, at 
the Sheraton Washington Hotel. Contact Richard 
Pain, Transportation Research Board, 2101 Con- 
stitution Ave., NW, Washington, DC 20418; (202) 
334-2960, (202) 334-2003. 

March 1-5,1993 
Orlando, FL, USA 
9th IEEE Conference on Artificial Intelligence 
Applications, at the Disney World Hilton. Con- 
tact CAIA-93, IEEE Computer Society, 1730 Mas- 
sachusetts Ave., NW, Washington, DC 20036- 
1903;  (202)371-1013. 

March 17-20, 1993 
Los Angeles, CA, USA 
Technology and Persons with Disabilities, spon- 
sored by California State University, Northridge, 
Office of Disabled Student Services, at the Los 
Angeles Airport Marriott Hotel. Contact Harry J. 
Murphy, Office of Disabled Student Services, 
CSUN, 18111 Nordhoff St. - DVSS, Northridge, 
CA 91330; (818) 885-2578, fax (818) 885-4929, 
Email:   HMURPHY@VAX.CSUN.EDU. 

staff. Joining us is Dr. Paul DiTullio, 
who will be serving as Marketing 
and Technology Transfer Manager. 
Paul has the important task of spread- 
ing the word about CSERIAC and 
its unique services and products. 
Technology transfer is an important 
part of the CSERIAC mission. To maxi- 
mize return on investment, technology 
developed at taxpayer expense must 
be transitioned to other DoD and in- 
dustrial users. Paul will be working 
to uncover these hidden "gems," and 
will help the developers to package 
and  promote  the  results  of their 

Calendar 
March 31- April 4, 1993 
Chicago, IL, USA 
EDRA 24, 24th Annual Meeting of the Environ- 
mental Design Research Association, "Power by 
Design," at the Allerton Hotel. Contact EDRA 
Business Office, P.O. Box 24083, Oklahoma City, 
OK 73124;  (405)843-4863. 

labors, for the benefit of the entire 
ergonomics community. 

Dr. Richard Jensen from The Ohio 
State University (OSU) leads off this 
edition with our feature article "Do 
Pilots Need Human Factors Training?" 
He begins by relating an aircraft "inci- 
dent" which could have become an 
aircraft "accident," had he taken the 
advice of his co-pilot. He discusses 
pilot error and judgment, and pro- 
poses a model of judgment and its 
implications for training methods. He 
then makes a comparison between 

Continued on page 6 

April 13-16, 1993 
Edinburgh, UK 
Ergonomics Society Annual Conference "Ergo- 
nomics - For Industry," at Heriot Watt University. 
Contact Conference Manager, Ergonomics Soci- 
ety, Devonshire House, Devonshire Square, 
Loughborough, Leichester LEU 3DW, UK; (44) 
509-234904. Abstract deadline: October 2, 1992. 

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 
Mountain 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. 

April 26-29, 1993 
Knoxville, TN, USA 
5th Topical Meeting on Robotics and Remote 
Handling, sponsored by the American Nuclear 
Society, Oak 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. 

May 24-27, 1993 
Utica, NY, USA 
3rd Annual "DUAL-USE Technologies and Appli- 
cations Conference," hosted by the SUNY Institute 
of Technology at Utica/Rome and sponsored 
by the IEEE Mohawk Valley Section. Contact 
John Salerno, College Relations Office, SUNY 
Institute of Technology at Utica/Rome, P.O. Box 
3050, Utica, NY 13504-3050; (315) 792-7113, fax 
(315) 792-7143. 

June 14-18,1993 
Warsaw, Poland 
International Ergonomics Association World Con- 
ference '93, "Ergonomics of Materials Handling," 
organized by the IEA Industrial Ergonomics Tech- 
nical Group of the Science and Technology Com- 
mittee. Contact W. Karwowski, General Confer- 
ence Chair, Center for Industrial Ergonomics, 
University of Louisville, Louisville, KY 40292; (502) 
588-7173, fax (502) 588-7397, Email: wokarwo®- 
ulkyvm.bitnet. Proposal deadline: August 15,1992. 

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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conventional training methods and a 
newer approach which incorporates 
changes recommended from the pro- 
posed model. Finally, he describes avia- 
tion education at OSU and gives notice 
of the upcoming Aviation Psychology 
Symposium April 26-29,1993. This im- 
portant symposium is sponsored by 
OSU and held in Columbus, OH. 

The fifth speaker in the Armstrong 
Laboratory Colloquium Series was Dr. 
Christopher Wickens, who spoke about 
"Computational Models of Human Per- 
formance." Chief of Technical Services 
and Analyses, Dr. Ron Schopper has 
prepared a synopsis of this presenta- 
tion. Dr. Wickens discusses computa- 

Online Searching with DGIS and 
SearchMAESTRO 

With hundreds of online databases available, 
each with its own logon procedure and search 
language, finding and processing needed infor- 
mation can be overwhelming. The Defense 
Technical Information Center (DTIC) is offering 
two systems to help with such online searching. 

The Department of Defense Gateway Infor- 
mation System (DGIS) provides access to 20 
different online systems with more than 900 
different databases. By supplying DTIC with 
personal account information, DGIS automati- 
cally dials and logs onto the selected online 
system. DGIS can search more than one database 
at a time, and includes powerful post-processing 
tools that allow users to reformat and analyze 
citations in many ways. These features include 
the elimination of duplicate 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 OR- 
BIT 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 Search- 
ing Through Relevant Options) is designed to 
help novice users conduct their own online 
database research. End users may easily access 
13 different online systems with more than 850 
total databases by using this menu-driven sys- 
tem. SearchMAESTRO will even select the appro- 
priate database for a given search strategy if one 
is not otherwise indicated. In addition, there is 
no need for separate accounts with each data- 
base vendor; even if the user searches all 850 
databases available to SearchMAESTRO, there is 
only one bill. 

For more information call Ms. Patricia Tillery 
on (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 

tional modeling in terms of workload 
prediction and display layout. I had 
an opportunity to discuss various as- 
pects of his work and get his opinions 
on some general ergonomics issues 
with Chris while he was at Armstrong 
Laboratory. You will find a selected 
portion of our conversation following 
the synopsis. 

The final article in this issue of 
Gateway describes the software pro- 
gram JACK. It was originally devel- 
oped as a realistic, computer-based 
human model for the simulation of 
human performance in enclosed spaces. 
However, because of its flexible na- 
ture, it has found many other useful 

Announcements 
Certification for Ergonomists and Human 

Factors Professionals 

The Board of Certification in Professional 
Ergonomics is now accepting applications for 
professional certification of ergonomics and 
human factors practitioners. Applicants should 
have a mastery of ergonomics knowledge and 
methods, as well as expertise in the analysis, 
design, and evaluation of products, systems, and 
environments for human use. Qualified appli- 
cants may choose to be certified as either Certi- 
fied Professional Ergonomists (CPE) or as Certi- 
fied Human Factors Professionals (CHFP). Ap- 
plications are available from: 

Board of Certification in Professional 
Ergonomics 

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 related 
field and 7 years of demonstrable experience in 
the practice of ergonomics. Applications are 
open to ergonomists internationally. 

Certification will be based on an evaluation of 
work samples and supporting documentation 
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 Professional 
Ergonomics was formed as a nonprofit corpora- 
tion in 1990. Although the Board was estab- 
lished with support from the Human Factors 
Society, it is independent 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, J. 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. 

applications. David Harding, JACK 
Product Manager for the University of 
Pennsylvania's Center for Technology 
Transfer, describes some of these ap- 
plications, its useful features, and how 
it can be obtained. 

All of us at CSERIAC hope you had 
a rewarding and successful 1992, and 
look forward to the opportunity to 
assist you with our full range of ergo- 
nomics information products and ser- 
vices during 1993. • 

Reuben "Lew" Hann, Ph.D., is the Con- 
tracting Officer's Technical Representative 
(COTR) who serves as the Government Tech- 
nical Manager for the CSERIAC Program. 

Human Factors Society Fellows Elected 

Four distinguished nominees were recently 
elected Fellows of the Human Factors Society. 
They are: 

DianeL. Damos, Associate Professor, Institute 
of Safety and Systems Management, University 
of Southern California, Los Angeles, CA. 

ArthurD. Fisk, Associate Professor and Coor- 
dinator, Engineering Psychology Division, School 
of Psychology, Georgia Institute of Technology, 
Atlanta, GA. 

AnilMital, Associate Professor of Engineering 
and Director, Ergonomics and Engineering 
Controls Laboratory, University of Cincinnati, 
OH. 

Richard A. Olsen, independent consultant 
and expert witness, Santa Clara, CA. 

These distinguished professionals join the 
Society's other 212 Fellows. Fellow status re- 
quires a minimum of 5 years of membership, 10 
years of professional experience in the field, 
outstanding and demonstrable contributions to 
human factors, 3 year's direction or supervision 
of significant human factors efforts, and at least 
one year's service to the Society. 

Industrial Ergonomics Bibliography 

The Human Factors Society has revised its 
guide to the literature on industrial ergonomics, 
"Industrial Ergonomics Bibliography." The 
new brochure is free of charge and lists publica- 
tions that contain data useful for the design of 
jobs in industry. 

The bibliography is divided into six sections, 
in addition to lists of periodicals and proceed- 
ings: Generallists texts and handbooks; Worker 
Characteristics covers size, strength, age, and 
gender; Job Design addresses productivity, 
human error, fatigue, and accidents; Equipment 
Design concerns displays, controls, and tools; 
Workplace Design includes information on 
chairs, benches, floors, and stairs; and Environ- 
mental Design covers heat, noise, vibration, 
and illumination. 

The bibliography is designed for human fac- 
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tors practitioners, industrial engineers, safety 
professionals, occupational physicians and nurses, 
industrial hygienists, personnel specialists, man- 
agers, labor union officials, and workers. 

To obtain a free copy of the "Industrial Ergo- 
nomics Bibliography," contact the Human Fac- 
tors Society, P.O. Box 1369, Santa Monica, CA 
90406-1369; (310) 394-1811, fax (310) 394-2410. 

Liveware Survey & Database Progress 

The DoD Liveware Survey has been progressing 
rapidly. Many new Human Systems Integration 
(HSI) technologies have been added during the 
past two months. However, there are still many 
important HSI technologies not described in the 
database. For this reason, the sponsor, Mr. Mike 
Pearce of OASD(FM&P)/R&R(TFM) HSI office, 
and program manager, Dr. Mona Crissey, request 
that owners, developers, and major users of HSI 
technologies participate in the near future. The 
deadline to be listed in the March 1993 Liveware 
Catalog is January 31, 1993. The catalog will 
include all United States inputs, plus those of the 
other member nations of the NATO Liveware 
Research Study Group (RSG.21), 

Participation to date is summarized in Table 1. 
The Training domain has had the greatest number 
(197) of programs listed. Human Factors 
Engineering has the second largest participation, 
with 109 programs as of December 3, 1992. The 
lowest participation is in the Health Hazards and 
Safety domains, but there are still 45 and 62 
"hits", respectively. Participation by DoD Service 

Table 2 

LIVEWARE TECHNOLOGIES 
REPORTING INTEGRATION 

NUMBER OF DOMAINS NUMBER OF 

ADDRESSED BY EACH TECHNOLOGY PROGRAMS 

0&1 11* 

2 4 

3 12 

4 11 

5 13 

6 

TOTAL 

26 

77 

* These programs will need further analysis to determine how they can 
be integrative when they involve only one/no Liveware domain(s) 

shows the Air Force and Army running neck and 
neck with 59 and 51 technologies, respectively, 
while the Navy/Marine Corps has 29 technologies 
listed. The showing from Industry is quite good, 
with 59 technologies listed. 

One of the greatest challenges faced by 
Liveware technologies is to integrate domain 
issues with each other domain, and with system 
acquisition issues. Translating across domain 
boundaries and with issues of system cost, 
schedule, and performance, are among the most 
difficult and desirable capabilities Liveware tool 
can possess. The NATO RSG.21 definition for 

Table 1 

LIVEWARE SURVEY PARTICIPATION 
BY SERVICE/INDUSTRY (As of December 3,1992) 

LIVEWARE 

UNITED STATES 

DIVERSITIES 
TOTAL 

BY AIR NAVY         OTHER                            Ul 

DOMAIN 

MANPOWER 

FORCE 

24 

ARMY       MARINES      GOVT      INDUSTRY 

26                   8                    3                    33 

& OTHER 

14 

DOMAIN 

108 

PERSONNEL 18 26                   5                    3                    29 21 102 

TRAINING 38 36                  21                   10                   54 38 197 

SAFETY 12 9                    7                    1                    24 9 62 

HEALTH 
HAZARDS 9 10                   5                   18                    0 3 45 

HUMAN 
FACTORS 
ENGINEERING 19 24                   7                   31                    3 25 109 

INTEGRATION 14 9                    9                    3                    27 15 77 

(2 or more) 

Number 
Programs in 
Database 59 51                  29                  12                   59 

Note: Each technology can impact more than one domain 

108 318 

Integration that was included in the Liveware 
survey defines the Integration as "The iterative 
process by which hardware, software, and 
manpower, personnel, training, safety, health 
hazard, and human factors engineering 
components are combined to create a system." 
Of the 318 technologies listed in the survey 
database, 77 state that they achieve integration. 
Table 2 presents number of technologies claiming 
they achieve integration by the number of 
Liveware domains they address. Of the 77 
integrative technologies 26 are purported to 
address all domains. These integrative 
technologies which address all domains 
include the following: the Air Force Lessons 
Learned database, MANPRINT Test and Evalu- 
ation Methodology, Isoperformance Method- 
ology, Aircraft Mishap Prevention, Systems 
Analysis of Integrated Networks of Tasks, CDRL 
Maker, and Design Evaluation for Personnel, 
Training, and Human Factors (DEPTH). While 
some of these have data from all domains, 
many do not actively make trade-offs across all 
domains, or enable trades between system 
requirements and the various HSI domains. 
Further validation of each submission is in 
progress to describe the degree these technologies 
will facilitate integration and help communicate 
iteratively between each domain and system 
acquisition issues. 

To obtain a survey or further information, 
contact Dr. Mona Crissey at Department of the 
Army, Chief, ARL-HRED-STRICOM Field 
Element, ATTN: AMSRL-HR-MT (Dr. Mona 
Crissey), 12350 Research Parkway, Orlando, 
FL 32826-3276; (407) 380-4356, DSN: 960-4356, 
FAX: (407) 381-4201, E-mail: CrisseyM® 
Orlando-EMH3Army.MIL. She is the Liveware 
Program Manager. 

Or contact Frank C. Gentner at AL/CFH/ 
CSERIAC, Wright-Patterson AFB, OH 45433-6573, 
(513) 255-4842, DSN: 785-4842, FAX: (513) 255- 
4823, E-mail: FGentner@FALCON.AAMRL.AF. 
MIL. He is CSERIAC's senior technical analyst 
assisting in the Liveware study. 
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Armstrong Laboratory Colloquium Series 
Computational Models of Human Performance 
Christopher D. Wickens 

Editors note: Following is an abstract based 
on Dr. Wicken 's presentation as the fifth 
speaker in the Armstrong Laboratory Collo- 
quium Series: The Human Computer Inter- 
face. Dr. Aaron W. "Ron"Schopper, former 
Chief of Technical Services & Analyses at 
CSERIAC, prepared this abstract. 

Ohere is continuing pres- 
sure within the human fac- 
tors profession to justify its 

presence in the system design process. 
Because the human factors engineer 
typically relies on HFE principles (and 
frequently cannot provide actual "num- 
bers" with which he can assert the 
gains or advantages of applying these 
principles) he often finds himself at a 
disadvantage vis-a-vis both his engi- 
neering peers and those responsible 
for cost accounting, particularly in a 
resource-competitive environment. In 
an effort to combat this disadvantage, 
the human factors engineer must have 
a means of developing "numbers" from 
appropriate computational models. 

There have been advances in com- 
putational human performance model- 
ing in two human factors domains: 
workload prediction and display lay- 
out. Within each are identified the 
model parameters that can be quanti- 
fied easily and those wherein major 
challenges to quantification remain. 
Also cited is the validation under- 
taken to date. 

Workload Prediction 

In the first domain, the question to be 
asked is "What quantifiable character- 
istics of a set of tasks contribute to the 
prediction of when performance will 
break down in multiple task situa- 
tions—when the task demand exceeds 
the resource supply?" While a simple 

and logical starting point for such a 
model (and an easily quantifiable one) 
is to tally the number of tasks per- 
formed per unit time, this approach 
lacks an estimate of task demands. 
The added difficulty of a task may 
vary independently of the time re- 
quired to perform it. The results of 
research previously undertaken at 
Illinois (Wickens, Larish & Contorer, 
1989; Sarno & Wickens, 199D have 
shown that the incorporation of task 
demand level into a time-line model 
will bring the variance accounted for 
in predicting differences in perform- 
ance of a set of multiple task configu- 
rations from near zero up to around 
60 percent. However, the issue of 
how to quantify task demands (other 
than by their time requirements) re- 
mains a challenge. 

A second feature missing from a 
quantitative-computational model is the 
ability to account for the amount of 
interference that may occur among 
certain tasks because of their similarity. 

Several factors influence the structural 
similarity between tasks, i.e., the ex- 
tent to which they share the same stage 
of processing (perceptual, cognitive, 
or both), the same perceptual modality 
(auditory, visual, or both), and/or the 
same processing code (verbal/linguis- 
tic or spatial). 

Evidence suggests that people deal 
with overload situations by adopting 
fairly simple rules of task-shedding. 
Hence a final feature of a computa- 
tional workload model should 
account for how people schedule, 
shed, or add tasks when workload 
becomes excessive. The real chal- 
lenge to computational models will be 
to identify (and predict) the level of 
demand at which concurrent task per- 
formance "catastrophically" regresses 
to sequential performance. 

Table 1 summarizes the present sta- 
tus of efforts to develop computational 
models of multiple task performance, 
the promising avenues for quantifica- 
tion, and the challenges. 

Table 1 

Present Status of Computational Models of 
Multiple Task Performance 

FACTOR CHALLENGE SOURCE 

Time Line Task Time Data Boeing, HOS 

Demand Level Task Effort Data 

(Table Lookup) 

McCracken/Aldrich 

Multiple Resources (Similarity- Simple Conflict WINDEX, CREWCUT 

based Interference) Matrix . 

Scheduling/Shedding Simple Rules and 

Algorithms 

Z-scheduler/CREWCUT 
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Display Layout Analysis 

A good computational model should 
be able to provide the display panel 
designer with information regarding 
the costs and benefits of positioning 
different sources of information at dif- 
ferent locations. 

To obtain information from a visual 
display, obviously it should appear 
within foveal vision. Whereas this 
represents a trivially simple layout prob- 
lem when there is but one display, it 
becomes less so as the number of 
displays increases. The need to fove- 
ate is a design "force" (based on the 
economy of human information pro- 
cessing) whereby two displays are at- 
tracted toward each other with a force 
that is proportional to the importance 
(I) of the two displays (importance 
being related to the frequency of use) 
and their distance apart (D, degrees of 
visual angle), as reflected in the for- 
mula F=D(I1+I2). By averaging these 
forces across all pairs of a display 
ensemble, an overall "figure of merit" 
can be derived. 

Five principles of human informa- 
tion processing "drive" this desire for 
proximity between two displays and 
suggest, where possible, the quantita- 
tive basis that could underlie a compu- 
tational model of these forces. These 
five principles follow. 

Information Access Effort 
The first accommodates visual scan- 

ning. Display pairs located quite close 
together (within a few degrees) can 
both be consulted without scanning. 
This "No Scan Region" is often equal 
to the foveal angle of regard, but also 
varies as a function of the visual angle 
with which the symbols need to be 
resolved. It will be larger if motion 
perception is required than if the task 
calls for symbol classification. When 
two displays are separated by an angle 
that exceeds the no-scan region (so 
that a visual scan or saccade is neces- 
sary), evidence suggests that the time 
and effort required for longer scans are 
not much greater than for short scans, 
a region that Sanders (1970) has la- 

beled the "eye field." However, if the 
separation is greater than an angle 
which the eye can easily scan without 
head movement, then head movement 
will add an extra penalty of effort. This 
penalty grows in magnitude propor- 
tional to its distance, since, unlike 
visual saccades, head movements are 
not ballistic. 

Search Uncertainty 
In an open field between two infor- 

mation sources, changes in the visual 
angle between information sources 
have little effect on performance within 
the eye field. However, in a cluttered 
display, there is an increasing penalty 
with longer distances. It becomes pro- 
gressively more difficult to locate the 
target destination as the intervening 
field is filled with greater "clutter." Eye 
movements are also initiated more slowly 
if their destination is uncertain. Recent 
work by Andre & Wickens 099D has 
proposed the concept of a linear "object 
distance" penalty which may be com- 
puted by the number of visual objects 
that must be scanned from origin to 
destination. Alternatively, assuming a 
homogenous density of display objects 
across the scanned space, this penalty 
may be considered a linearly increas- 
ing function of metric distance. 

Confusion 
When one is scanning across a multi- 
element display, the effect of an 
"attractor force" would be to bring all 
displayed elements to a single, super- 
imposed location—a clearly counter- 
productive consequence. Hence, a 
"repeller" force of constant magnitude 
between all displays must be incorpo- 
rated that will increase as a function of 
their proximity beyond a certain thresh- 
old. Such a force would serve to keep 
displays separated unless their attrac- 
tion is extremely strong (as is the case 
with head-up displays). 

Relatedness 
The true superimposition of images 

(as in the head-up display or "HUD") 
appears to be a bad idea. However, 
much of the information presented on 

a HUD has a special quality that makes 
superimposition desirable; the infor- 
mation is said to be conformal with the 
world beyond. The intent of the dis- 
play is to better allow the pilot to 
integrate these two sources of super- 
imposed information. This fourth "mod- 
erator" is that sources that are related to 
each other (or to be integrated in a 
common task) should experience a 
stronger mutually attracting force. Two 
or more information sources that need 
to be mentally integrated should be 
displayed with close "perceptual prox- 
imity." Information sources that are to 
be distinct from each other should be 
displayed more separately. For the 
current discussion, the measure of per- 
ceptual or display proximity is that 
directly measured by object distance. 
However, the precise definition of task 
proximity is somewhat more difficult 
to achieve. There are certain circum- 
stances where two indicators must 
clearly be integrated or compared, for 
example a command and actual air 
speed indicator. But there may be 
other circumstances when two indica- 
tors are related to the same task but do 
not need to be integrated, for example, 
cross checks between heading and 
altitude during a coordinated aircraft 
turn. Notwithstanding this uncertainty, 
the important attraction force of task 
relatedness has been demonstrated in 
previous research undertaken by Andre 
(Andre & Wickens, 1991). 

S-R Compatibility 
The location (or relocation) of any 

display on a multi-element panel should 
consider the spatial relation to the 
control element that drives that display's 
behavior. This consideration may con- 
veniently be broken into two subforces 
related to Colocation and Congruence. 
Colocation is simply an attractor force 
that pulls a display and its associated 
control together. The principle of con- 
gruence dictates that the spatial order- 
ing (e.g., left-right, top-bottom) of a set 
of displays should be congruent with 
the ordering of the corresponding 
control set. Earlier work with Andre 

Continued on page 10 
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showed that the set may be congruent, 
acongruent, or incongruent, that the 
magnitude of the effect is related to the 
cosine of the angle between the con- 
trol and its corresponding display 
(Andre & Wickens, 199D, and that 
there is at least some evidence that the 
relative strength of congruence may be 
greater than that of colocation (Andre 
& Wickens, 1991; Andre, Haskell, & 
Wickens, 1991). 

Table 2 presents a summary of the 
factors identified to influence display 
layout, and the quantification chal- 
lenges they present. 

The host of factors and their interac- 
tions which should ultimately be 
incorporated in a full-blown computa- 
tional model may appear overwhelm- 
ing; however, it may be (as is often the 
case in psychology) that a few well 
chosen and carefully, but simply, imple- 
mented components can predict a 
substantial variance in human perfor- 
mance. Such would, indeed, be a great 
step forward for the human factors 
engineering profession. • 

Christopher D. Wickens, Ph.D., is a Profes- 
sor of Psychology and Head of the Aviation 
Research Laboratory, University of Illinois, 
Champaign, IL. 
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Table 2 

Display Layout Model Factors 

FACTORS CHALLENGES 

1. Importance Frequency or criticality? 

2. Information Access Effort Peripheral resolution with objects—size, motion, 
color. Head-field angle. 

3. Search Uncertainty Definition of "objects" inducing clutter. Spatial 
frequency analysis? 

4. Confusion How is confusion modulated by distinctiveness 
of color? 

5. Relatedness Task or structure? Quantification issues. 

6. S-R Compatibility Colocation versus congruence? 
Dedicated versus reach control? 
Defining array membership. 
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Continued from page 12 

nization is a major driver of cognitive 
workload, but our workload approach 
goes beyond the display side to the 
mental processing and response side; 
this is where the Multiple Resource 
Theory comes into play. The issue of 
quantifying workload from a multiple 
resource perspective is very challeng- 
ing, but the rewards could be great. 

CSERIAC: I would like to pose a 
hypothetical question. What if you 
were to receive a large block of 
funding to tackle some research prob- 
lem, which you feel has been ne- 
glected? Where would you direct 
these resources? 

Dr. Wickens: Well, I think one area 
which continues to need a tremendous 
amount of research is the so-called 
"pucker factor"—the effect of stress on 
human performance. That has been a 
very research-poor area, in part due to 
the ethical contstraints in doing 
stress research. So, generous financial 
help alone would not be sufficient. 
We need either a release from some 
of the constraints in doing this type 
of research, or to come up with 
some clever methods for doing re- 
search on human performance in 
contexts where stress naturally occurs— 
in the field, such as during Desert 
Storm operations. 

My personal interests at this point go 
strongly to the area of human factors of 
visualization of very complex images. 
What I see is a mismatch between 
what computer technology gives us to 
create complex visual images for scien- 
tific visualization, and what human 
factors and human perception tell us 
about the best way to represent the 
data. The technology has exceeded 
our capability to define principles for 
what is good and bad in the design of 
such systems. This is the other area 
where I would put a hypothetical re- 
search grant to work. • 

o 



GATEWAY 

Armstrong Laboratory Colloquium Series 
A Conversation With Chris Wickens 
Reuben L. Hann, PhD. 

Editor's note: The following is an edited 
transcript of a conversation with Dr. Chris- 
topher Wickens, University of Illinois, who 
had just made a presentation as the fifth 
speaker in the Armstrong Laboratory 
Colloquium Series: The Human-Computer 
Interface. The interviewer was Dr. Lew 
Hann, CSERIAC COTR. 

OSERIAC: I understand you 
served on the National Re- 
search Council Committee 

on Human Factors. What kinds of 
issues did you deal with? 

Dr. Wickens: There were two func- 
tions. One was to set the agenda for 
where we thought human factors 
ought to be headed. That's why the 
council is sponsored by places like 
NSF, Armstrong Lab, 
ONR, OSR, and the Army 
HEL. They were looking 
to us to voice where the 
profession ought to be 
moving, and therefore 
to give them guidance 
on where research pro- 
grams should focus. The other func- 
tion was to set up subcommittees 
within our group, which were tasked 
by either an outside agency or our 
own agenda, to look in depth at a 
particular issue. Some topics include 
Mental Models in Computer Systems, 
the current state of Anthropometric 
Modeling, and one about to start in 
the area of Virtual Reality Technology. 
Beverly Huey and I are finishing a 
report (to be published as a book) 
in the area of Workload Transitions. 
That is, what happens when a team of 
operators, such as a nuclear power 
crew, that spends the majority of its 
time doing veiy low workload tasks, 
suddenly has to mobilize into action, 
transitioning into a high workload 
mode. How does that team function? 

What factors are important for good 
team performance? 

CSERIAC: A question I pose to each 
of the speakers interviewed: Do you 
have any thoughts on how we in the 
human factors community could better 
"sell" our discipline in terms of im- 
proved return-on-investment? 

Dr. Wickens: I've thought a lot 
about it. Just today I was discussing 
how the FAA wants to see their invest- 
ment in the National Plan for Human 
Factors reduce accident rates. This is, 
extremely difficult to demonstrate, be- 
cause human factors input to any pro- 
cess is only one of several. You don't 
know exactly what breaks down when 
there is an accident, or what doesn't 
break down when accidents are saved. 

"I have some frustration with the mainstream 
psychology community because of how reluctant 
many of them are to examine their theories in 
relatively complex environments." 

was a likely cause. Also, you can point 
to many human-computer systems 
which are horrible to use, and you can 
argue about why. The problem beyond 
that is convincing people that human 
factors input is more than just common 
sense intuition. 

CSERIAC: And, of course, good 
human factors is always "obvious" when 
viewed after the fact. 

Dr. Wickens: Exactly. And there you 
can point to some of the challenges I 
discussed today. That is, you ask, which 
principle are you going to adhere to? 
You can't have both. You can have A 
and not B or B and not A. That is the 
kind of "intuitive" issues you can't an- 
swer on the basis of intuition. You need 
human factors research to tell you what 
     is most important. 

A lot of it simply comes from the user 
community, and one thing we are 
seeing, as human factors get marketed 
more into consumer products, is ex- 
pressed satisfaction with how well 
human-engineered a particular sys- 
tem—such as the Apple Macintosh 
computer—is. I think that the Macin- 
tosh and the Xerox Star have gone a 
long way toward validating the good 
application of human factors with a 
tangible metric, that is, sales and mar- 
keting. This is the positive approach. 
In the negative approach, you point to 
the current state of systems that haven't 
been human factored and 
show how bad they really are. A lot of 
good case studies involve poor aircraft 
design, where you can point to an 
accident in which poor human factors 

CSERIAC: In a recent 
issue of Gateway, Dr. 
Tony Cacioppo of Wright 
State University described 
the human factors pro- 

     gram at that institution. 
His program emphasizes the engineer- 
ing aspect of human factors engineer- 
ing. What is the situation at University 
of Illinois? 

Dr. Wickens: It's very much a 
hybrid approach. Formally, its called 
Engineering Psychology, reflecting its 
origins in the psychology department, 
with a close affiliation with the Avia- 
tion Research Lab. Engineering has 
since joined in, so now there are two 
human factors programs, each with its 
own curriculum requirement. But there 
is a lot of cross-fertilization, with stu- 
dents from each program taking courses 
in the other. The emphasis of both 
programs is on human interaction with 
complex systems. We've had success 

Continued on page 12 

© VOLUME III: NUMBER 5 (1992) 



GATEWAY 
with this two-pronged approach. 

CSERIAC: This sounds a lot like the 
system at Wright State. And, as Dr. 
Cacioppo has pointed out, there is a 
decided advantage in their graduate's 
ability to communicate with the engi- 
neering community. After all, this is 
who really needs the information. 

Dr. Wickens: Yes, and at the same 
time, the engineering community gives 
the psychology community a lot of 
applied contexts in which they should 
test their theories—in a way many 
psychologists are reluctant to do. I 
have some frustration with the main- 
stream psychology community, be- 
cause of how reluctant many of them 
are to examine their theories in rela- 
tively complex environments. Yes, it's 
risky, but the payoffs are high. 

CSERIAC: I recently heard a presen- 
tation in which the investigator casu- 
ally mentioned that he had taken a 
"cognitive workload" measure as part 
of his data collection. It was treated as 
though it was something which is now 
routine. I used to work in this area and 
remember how difficult the enterprise 
was, so, unless there has been a lot of 
progress recently, it seems to me this 
was all a bit naive. What is your assess- 
ment of the status of our ability to 
measure cognitive workload? 

Dr. Wickens: I admit our capability 
for measuring cognitive workload prob- 
ably is not much better now. We have 
made some progress predicting cogni- 
tive workload, which is different from 
measuring workload. We know more 
about some fundamental characteris- 
tics that drive workload in the cogni- 
tive domain, such as working memory 
demand, number of transformations, 
and so forth. 

CSERIAC: Are you still using and 
developing your Multiple Resource 
Theory? 

Dr. Wickens: Yes. I did not have 
time to go into it during my presenta- 
tion, but it's really the other side of my 
research area. Of course, display orga- 

Continued on page 10 

Scenes from the Armstrong Laboratory Colloquium Series: 

Dr. Christopher Wickens, University of Illinois, spoke on computational models of human 
performance. 

Following his lecture, Dr. Wickens entertained questions from many of the attendees. 
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Jack™ 
The Human Factor for Computer-Aided Design 

David P. Harding 

Oack™ is a powerful human 
factors design and ergo- 
nomics visualization soft- 

ware package. It is the product of a 
continuous research effort dating back 
to the late 1970's. The Jack program's 
original objective was the develop- 
ment of a realistic, computer-based 
human model for the simulation of 
human performance in enclosed spaces. 
While the system was initially used for 
analysis of military and space vehicles, 
its flexible nature makes it applicable 
in many commercial and industrial 
situations. Jack played an important 
role in the human factors design of a 
new line of earth-moving equipment 
developed by John Deere & Co. Nu- 
merous U.S. government agencies, such 
as NASA and the Army Research Of- 
fice, as well as several commercial 
entities have supported this project. As 
the Jack program evolved, its value to 
industrial designers, architects, and 
animators became apparent. In 1991, 
the University of Pennsylvania decided 
to market Jack directly to the public. 
Since that time, hundreds of inquiries 
about Jack have come in from around 
the globe. 

Jack enables the analyst or designer 
to perform several types of computer- 
based human factors analyses in three 
dimensions (see Fig. 1). These analy- 
ses include tests of how different-sized 
humans fit in a system, whether the 
human will be able to reach controls 
and mechanisms, the extent of the 
human's field of view, and joint torque 
modeling under different static loading 
conditions. The U.S. Army and the 
NASA Ames Research Center have 
jointly used Jack to simulate display 
legibility in a military helicopter cock- 
pit.  The designer can place a human 
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Figure 1.   Three human Jigures doing the limbo.  The flexible human torso and balance 
constraints in Jack let the users visualize realistic human performance in their designs. 

figure into a simulated cockpit to test 
whether the operator can reach or see 
a control panel. A window appears on 
the display that shows what the con- 
trols look like from the human figure's 
vantage point. In this way, Jack can 
answer such critical design questions 
as: "What can the pilot see?" and "How 
accessible are controls?" 

Traditionally, analyses such as these 
had to be performed using paper and 
pencil or by placing crude two-dimen- 
sional mannequins on blueprint draw- 
ings of the system being tested. In 
either case, blueprints had to be te- 
diously redrawn each time a new de- 
sign option or solution needed to be 
evaluated. Many problems were missed 
because the analyst or designer never 
really got the whole picture until an 
expensive mock-up of the system was 
built. By the time a mock-up was built, 
design options and solutions were lim- 
ited because of the difficulty and ex- 
pense of rebuilding the mockup. 

By using Jack, the designer can take 
easy-to-alter, computer-based designs 
of the system, import them into Jack, 
and perform human factors analyses in 
three dimensions. This allows the 
designer to better identify problem 
areas early in the design process. Ac- 
cording to Dr. Norman I. Badler, Pro- 
fessor of Computer and Information 
Science, who created Jack, "By build- 
ing computer models early in the de- 
sign cycle, we avoid having to build 
physical mock-ups of the actual situa- 
tion or environment. This does not 
mean that mock-ups are useless, but 
early on, the designer may not know 
where people and items will be placed 
inside the environment, and it's much 
more flexible to have a computer graph- 
ics model that can be changed, instead 
of going to a machine shop and having 
them retool a portion of the mock-up." 

Jack's wide array of powerful fea- 
tures gives the user the tools to visual- 

Continued on page 14 
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ize, manipulate, animate, and render 
human figures. The biomechanically 
reasonable human figure with 88 joints 
and a flexible spine lends realism to 
analyses, and the flexible anthro- 
pometry features give the user com- 
plete control of anthropometry speci- 
fication. The default human figure is 
based on Society of Automotive Engi- 
neers anthropometric data, but the 
user may specify other data bases, 
such as the ANSUR data base, or create 
custom data, via spreadsheet (see Fig. 
2), to meet application-specific needs. 
Simple mouse movements allow the 
user to intuitively manipulate the hu- 
man figure and view it and its virtual 
environment, from any position in 
space. The system's sophisticated space 
and view analyses provide an accurate 
picture of what a human would see, 
both from an externally viewed cone 
of vision, or through the human figure's 
"eyes." Jack'sanimation and rendering 
modules let the user generate highly 
persuasive simulations and presenta- 
tions with realistic appearance (see 
Fig. 3). These versatile features make 
Jack useful in applications such as 
animation, architecture/interior design, 
aerospace/defense, agricultural and 
industrial equipment design, educa- 
tion and training, automotive design, 
factory ergonomics, furniture and ap- 
pliance design, and medical and dental 
equipment design. 

Jack's flexibility is enhanced by 
its ability to interface with many popu- 
lar CAD, animation, and rendering 
software packages. Currently, Jack 
runs only on Silicon Graphics work- 
stations, but versions for IBM, SUN, 
and HP/Apollo workstations should 
be available within 12 to 18 months. 
The University of Pennsylvania pro- 
vides training as part of the purchase 
price of the system. Training work- 
shops are also offered on a quarterly 
basis at the University. Potential users 
need not have formal programming 
experience or computer science 
training, but general familiarity with 
engineering software packages is help- 
ful. The product is available to both 
US and international organizations. 
Substantial discounts are provided to 
the US Government, its contractors, 

and educational institutions. 
For further information about Jack, 

please contact David Harding at the 
University of Pennsylvania, Center for 
Technology Transfer, 3700 Market 
Street, Suite 300, Philadelphia, PA, 
19104-3147.   Telephone:   (215) 898- 

9585, Fax: (215) 898-9519, Email: 
harding@al.relay.upenn.edu. • 

David Harding is the Jack Product Man- 
ager at the University of Pennsylvania's 
Center for Technology Transfer, Philadel- 
phia, PA. 

Figure 2. Human figure next to a spreadsheet. The interactive Spreadsheet Anthropometric 
Scaling System gives the user the flexibility to vary anthropometric data while concurrently 
viewing changes to the human figure. 

Figure 3. Human figure in cockpit reach, view, andfitanalysis. Jacklets the user constrain 
foot and hand positions as well as view goals while varying the population percentile to 
assess important ergonomic factors. 
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Tailored Answers to Human Factors Questions 

There is certainly no lack of human 
factors data. It's everywhere. Your 
challenge is finding those pieces of 
information you need to solve your 
specific problem. The typical search 
doesn't work. Sifting through pages and 
pages of journal articles and document 
listings is time consuming and seldom 
produces really relevant citations. You 
need more than this simple "off-the-rack" 
solution. You need answers "tailored" to 
your unique human factors problems. 
CSERIAC can do this for you. 

The Crew System Ergonomics Informa- 
tion Analysis Center (CSERIAC, for 
short) is your one-stop human factors 
technology "store." With one phone call, 
you can have your technical question 
answered, customized literature searches 
carried out, purchase state-of-the-art 
ergonomics software, or even 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 
AL7CFH/CSERIAC 
Wright-Patterson AFB, OH 45433-6573 
Tel: (513) 255-4842 Fax: (513) 255-4823 
DSN: 785-4842    DSN FAX: 785-4823 

ERtAC 
ARMY NAVY AIR FORCE NASA FAA NATO 
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CSERIAC 
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: 
■ technical advice and assistance; 

■ customized responses to biblio- 
graphic inquiries; 
■ written reviews and analyses in 

the form of state-of-the-art reports and 
technology assessments; 
■ reference resources such as hand- 

books and data books. 

Within its established scope, CSERIAC 
also: 
■ organizes and conducts work- 

shops,  conferences,  symposia,  and 
short courses; 
■ manages the transfer of techno- 

logical products between developers 
and users; 
■ performs special studies or tasks. 

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 (513) 255-4842 
DSN 785-4842 
Facsimile (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; Illustrator: Timothy J. 
Span; Layout Artist: Vicky L. Chambers; 
Ad Designer: Fred Niles. 
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