Human Performance: Psych 436 Instructor: Keele

Fall, 1996 Office: 221 Straub,Phone: 6-4931
e-mail: skeele@oregon
Office Hours: 9:00-11:00 M-F

Lecture Topics Readings
[. Introductory Concepts and Methods Wilson (Pk 1)
A.-Human Performance and Human Factors BARBER CHAPT. 2
B. Reaction Time, Mental Processes, and Applications Keele (Pk. 2: sect. 1)

Dewar & Ells (Pk1)
BARBER CHAPT. 4
Lewis & Baddeley (Pk 1)

Il. Topics of Human Performance
A. Attention, Memory Codes, Reading Barron (Pk 1), Rayner (RBR),
Miller (Pk 1), Nickels (RSR),
Ladavas (RBR), Stablum (RBR)

BARBER CHAPTS 5 & 6
B. The Concept of Executive Process
C. Motor control Keele (Pk 2: sections 2, 3.3.4, 4
D. Memory & Skill (reading only--no lectures) _ BARBER CHAPT. 3

Ellis (RBR)

Ericcson & Chase (Pk 1)

Course theme: The course lectures emphasize topics in Cognitive Psychology, including topics
related to Motor Control. The overall course, however, emphasize the application of methods and
theory developed in Cognitive Psychology to practical problems. Lectures provide several
examples of such application, and the two major halves of the course culminate in examples in
which basic theory of cognitive psychology leads to important applied ideas. The readings have
an even heavier applied theme. The book provides more general coverage of applied cognition,
including topics that will not be addressed in lectures. The packets of articles are primarily
extracted from orginal research reports, and in each case they develop an application that grows
out of cognitive psychology. Exercises and term paper emphasize applying ideas from cognitive
psychology.

READINGS: The primary text for the course is by Barber entitled Applied Cognitive Psychology.
Because this book is out-of-press, awaiting a 2nd edition, it is available in copied form and sold
through the book store. A few used copies might be available at bookstores. Additional readings
involve articles emphasizing applications of cognitive psychology to a variety of problems. Some
are in a packet sold at the bookstore and referred to above as Packet (Pk) 1. A chapter by the
course instructor (Keele) may also be bought at the bookstore (labeled Pk2 above). Purchase of
this chapter is optional. It provides information covered in some sections of the course. No
questions on exams will be asked regarding this chapter which cannot be answered by attending
lectures, but the chapter can be used to bolster the lectures. Five artticles, those by Rayner,
Nickels, Ladavas, Ellis and and Stablum (first authors only are noted) will not be in the bookstore
packets because of excessive cost charged by the publisher. These will be available in separate
packet at the Reserve Book Room (labeled RBR above) and also can be borrowed briefly from the
instructor for xeroxing.




Exams: There will be a 1-question quiz (Oct. 24) a midterm, and a final exam. The quiz score will
be added to the midterm scores to determine the midterm grade. Exam questions will be essay,
some requiring short answers and some requiring longer answers. Choices will be available on
the main exams, but always some questions must be answered based on the readings and some
on lectures. That is, you will not do well in the course unless you both read the materials and
attend lectures. The exams will account for 67% of the final grade.

Design Flaws: In your encounters with your environment, you must identify two design flaws fror
a Human Factors viewpoint. Each flaw requires a description not to exceed 300 words. These
must clearly be of a human factors nature and not a purely engineering flaw. The first may deal
with either failure to observe what we will call a body limitation or an information processing
limitation. The second must deal with an information processing limitation. The flaw descriptions
will be graded on a P/N basis, and their success or failure will influence borderline grades in the
final grading. If you receive an N, you are encouraged to redo the exercise to have the grade
changed. In writing up the flaw, you must describe the problem and justify why you think it is a
human factors flaw rather than an engineering flaw. What is it about the flaw that overtaxes body
limits, causes reaction time to be slow, or impinges on memory limitations, etc.? Then you must
suggest a reasonable way of correcting the flaw.

Option to Design Flaws: Instead of two design flaws, you may do a more extensive analysis o
a single problem. Such analysis can be done with a small group. Each person in a group might
read an article or two or investigate a part of a problem and then write a component of a small
group report. Each person might be expected to contribute a page or two to the report, but the
report would be graded on a P/N basis for the group as a whole. Here are some possible topics
(others can be considered):

1. A considerable amount of discussion and research has been concerned with the effects of a
increasingly aged population on driving. Some research considers objective indices of
decline in information processing abilities related to driving as a function of age. Some
research looks at accident rates. Some research looks at counseling approaches based on
assessment of information processing abilities. Some looks at possible human factors
improvements. A group working on this would divide up a few readings and then write a sma
report, describing the problem and giving recommendations for dealing with the problem.
One literature source is a special issue of the Human Factors journal, October 1991.

2. A recent article in Ergonomics Design, claimed that elastic back supports worn like an article
of clothing and intended to reduce on-the-job back injury are worthless. | was therefore
interested to see that employees of Coastal Farm Supply and of Home Depot were using
such supports, even under conditions where people were uncomfortably hot. This topic migh
be looked into a little further. You could inquire why the companies require their employees t
use the belt. You should read the target article and decide whether the company policy is
justified or not. Another more recent article in Human Factors suggests there might be limitec
circumstances in which back supports might be useful.

3. Faculty members and students in psychology and other social sciences have complained
that the Library of Congress numbering system, used by the Knight library makes finding of
research materials difficult, especially for journals. The alphabetic filing system of the Scienct
library is thought to be easier. The alleged problem might be documented by interviewing a
few faculty members or students, doing some analysis of how material is found in the two
libraries, and conducting a small “experiment” to measure search time and xerox time for
material.



4. As the university increases the usage of Web sites to provide information (syllabi, reading
lists, course communication etc.) we might anticipate enormous human factors issues. A
small scale analysis of problems and some suggestions for organizing university Web sites
would make a good project.

Term Paper:A term paper is due the last Thursday before finals week. The paper will account fo
33% of your final grade. The paper should be based on either library research or a combination o
library and field research. The intent is to pick a topic of interest to you in which concepts from
cognitive psychology or human performance might be applied. To choose a topic, think about you
major. If it is other than psychology, such as business or education, then choose some problem
within that major, such as advertising or consumer interests for business majors or developmental
dyslexia for education. Then do research on some linkage between your chosen interest and
cognitive psychology. If you choose advertising, you might review literature on factors that
influence attention-getting power and memorability. [f you choose dylsexia, you might review
literature that stresses current concepts from cognition and that help interpret and propose
solutions for childhood dyslexia. If your major is psychology, then you might think about your
special interests within psychology and try to think of a link. For example, if you are interested in
organizational psychology, there is some literature on a human factors approach to organizations.
Another possibility is to think in terms of other major interests, such as environmental issues or
learning of foreign languages. For topics of this sort, one can find a literature that links cognitive
psychology to the issue.
Here are some possible topics. You may choose others.
A. Aging
1. Recent conceptions of aging and cognition
2. Human factors design for the elderly
3. Strategies of neuropsychological rehabilitation (Note: the problem of strokes and neuro-
logical disease increases with age. Does an understanding of the cognitive problems
suggest rehab strategies? See articles in reading by Nickels, Rayner, Ladava.
4. Dealing with the problem of the aging driver.
5. Does increased physical exercise improve cognitive fitness in the aged.
B. Cognition and Education .
1. Implications of memory research for foreign language learning. Note: quite a bit of
interesting work exists on how age of acquisition of a second language affects acquisition o
different features of what is learned-- semantics, syntax, phonology.
2. Analysis of developmental dyslexia from a cog psych view point and implications for
instruction
3. Strategies of teaching reading from a cognitive psychology perspective Note: see recer
book by Marilyn Adams entitled "Beginning to Read".
4. Cognitive analysis of arithmetic and implications for education Note: there appears to be
a good body of cross cultural work appearing, and some of it concerns different ways
of teaching numeric concepts.
5. Individual differences: abilities or learning? Note: a dominant theme of skill in recent
years has been that differences in skill level are primarily a product of learning. A recent
Psych. Rev. article by Ericcson & Krampe is a good starting point, as is the article on the
reading list by Chase & Ericcson. For a range of viewpoints, see a recent book by Starke
and Allard (1993) entitle Cognitive Issues in Motor Expertise. The topic might be
especially valuable for students of exercise and movement science.
C. Computer topics: much is available on the human factors of computer systems.



D. Automobile Accidents: A major cause of human suffering comes from automobile
accidents. Psychology is becoming increasingly useful in the reduction of accidents as suggested
by some of the readings. There are several topics possible here or several subtopics could be
emerged into one.

1.

2.

3.

The problems of the aging driver and the young driver. Young drivers may not only be
"reckless" but actually lack certain skills (see evidence on nature of skill). What can be
done about these driving for these two groups?

Problems of attention and alertness in driving: Evidence has accumulated that sleepines
is one of the major causitive agents of driving. A recent article in the in Neural
Computing & Applications suggests how a neural network leaming system might be
able to monitor alertness from driver behavior. Certain drugs (alcohol) impair vigilance.
There is increasing concern that use of mobile phones in automobiles is responsible for
accidents. Such problems arise because mobile phones compete for attention. See
coverage of that topic together with theory and some human factors suggestions in the
Barber book. See also an article by McKnight in the journal Accident Analysis -&
Prevention, 1993 (p. 259). ATT Consumer Products also has a 1985 study available.

In general, anything that can be done to reduce reaction time for making driving decision:
would reduce accidents. Any of the approaches illustrated in articles in from the course
can be expanded.

E. Other

1.

2.

Use of cognitive tasks in evaluating environmental pollutants (behavnoral toxmology)
Could involve analysis of smoking in workplace.

Implications of cognitive limitations for the judicial system: eyewitness testimony, jury
decision making, etc. Note: a professor at Oregon State, Horowitz, has been doing
interesting work on how to improve memory of jury members

. Role of mental practice in learning physical skills Note: If you choose this topic, be sure

to consult with the instructor to get some perspectives from Cognitive Psychology

. Analysis of coordination and clumsiness from a cog psych perspective. A good starting

place is a chapter by Jones in Starkes & Allard (1993) or an article by Lundy-Ekman
in Journal of Cognitive Neuroscience.

. Shift work and sleep loss and its effects on cognitive efficiency (or studies of dealing with

jet lag). Note: a recent issue of Human Factors is devoted to shift work, and it would
provide a good start. There is related material on adapting to jet lag.

. As you will gather from the Stabum article in the readings, rather mild closed-head

injuries (getting "knocked out" or less), can have residual effects on mental functioning,
especially as related to functions of the frontal lobe of the brain. Cognitive Psychologists
are now beginning to unravel aspects of frontal lobe function. There also is some
accumulating work, | have heard, that suggests that even mild head injuries in sport, may
have lasting mental effects. This raises important issues about soccer, where the head is
used to butt the ball, football, boxing, etc. A project here might attempt to understand the
concept of "executive function" and how it is measured, look a little at brain function, and
then delve into literature on sports head injuries and other injuries.

7. Strategies for rehabilitation of “theory of mind" deficits in autistic children: I'm not certain

whether sufficient literature exists in this field, but there is at least one very provocative
article that suggests a scheme that would be useful based on the cogntive analysis of
deficit.

The final project topic must be approved by the instructor (Nov. 12).



Important Dates:
First design flaw due: Tuesday October 8.
Second design flaw or option to design flaws: Thursday October 17
1-question quiz: Thursday, Oct. 24.
Midterm Exam: Approx. Nov. 12 or 14.
Paragraph description of Term Project topic: Nov. 12
Term project due: Dec. 5 » . -
Final Exam: 8 AM Wed. Dec. 11 Note: no early final can be given. Scheduling
departures for vacation before the final may result in an N.
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This was a case of mistaking prop pitch controls for
throttle controls in a C-47 while the pilot was flying a
GCA. We were on the final approach at abouf 600 feet
when we noticed an unusual sound in the engines.
What had happened was that the pilot had taken hold
of the prop controls and was using them for throttles.
They were next to the pilot while the throttles were in

the center. This was a bad installation also, because the
gauge for the props was on the right of the manifold-

pressure gauge while the prop controls were on the left
of the throttle controls.
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The Centered High-Mounted Brake Light:
A Human Factors Success Story
By Thomas B. Malone

We practitioners of human factors are able to pointtoa
number of success stories. These are situations where the
application of human factors resulted in measurable and
sizable improvements in the performance of systems or
the safety of people, and/or reductions in the costs of
developing and supporting systems. The number of such
events that are readily identifiable, however, is probably
not as great as we would desire. If we do our job right and
effectively integrate the personnel component into sys-
tems, an obvious payoff in terms of accrued benefits of
human factors should result. Unfortunately, it is often
difficult to identify, much less quantify, the payoff of
human factors application where the human factors input
is embedded in the system development.

A case in which the benefit of human factors is both
readily apparent and quantified is that of the centered high-
mounted brake light. Most people have no doubt noticed
the presence of this component on all 1986 passenger
cars sold in this country. It may be less well known,
however, that the regulation requiring this light was the
result of research conducted by human factors practi-
tioners in the area of transportation safety.

According to the U.S. Department of Transportation
(DOT), rear-end accidents comprise 25% of all multi-
vehicle accidents and 7.4% of fatal accidents. Within the
overall objective of reducing the frequency of motor
vehicle accidents in general, and rear-end accidents in
particular, rear lighting and signaling on motor vehicles
has been a subject of theoretical, laboratory, and simu-
lation studies since the late 1960s. Based on these in-
vestigations, a number of suggestions have been formu-
lated for improving rear lighting systems by modifying
color coding, number of lamps, lamp location, and other
design parameters. Early work in these areas was done
by Rudolph G. Mortimer at the University of Iilinots,
Thomas H. Rockwell at Ohio State University, Robert
M. Nicholson, director of the Office of Crash Avoidance
Research at the DOT National Highway Traffic Safety
Administration (INHTSA), and Robert Henderson, then
on Bob Nicholson’s staff at NHTSA.

Inearly 1977, Mark Kirkpatrick and I directed a large-
scale human factors field assessment of several brake-
light configurations’ at Essex Corporation. The stated
purpose of the study, which was sponsored by Bob
Nicholson, was to determine if any of several proposed
automobile rear lighting systems would result in fewer
rear-end collisions when compared under actual traffic

conditions with a typical existing configuration. The
configurations tested inctuded a centered high-mounted
brake light, dual separated high-mounted brake lights,
and a separated function condition in which a wiring
change was made to existing vehicle lamps so as to
separate the presence (tail light) function from the stop/
turn functions.

A total of 2100 taxicabs in the Washington, D.C. area
were partitioned into four equally sized groups: three
experimental groups and one control group. After the
rear lights on the cabs in the experimental groups were
modified or the high-mounted lamps were installed ac-
cording to the experimental protocol, a data collection
phase was implemented wherein data on the rear-end
collisions, other types of collisions, and mileage for all
test vehicles were recorded over a one-year period. The
four test groups accumulated nearly 60 million vehicle
miles under a wide variety of weather and road conditions.
Drivers in the several groups had been matched for age,
sex, and prior accident history.

The primary finding of the study was that cabs equipped
with a centered high-mounted brake light experienced
an accident rate that was 54% lower than that for cabs in
the contro! group. This finding was statistically signifi-
cantat the 0.0001 level. Neither the configuration of dual
high-mounted brake lights nor the separated function
condition differed significantly from-the control group,
although both configurations produced apparent reduc-
tions on the order of 20%. An analysis was conducted of
rates for accidents other than rear-enders during the data
collection period, and these rates were found to be
essentially equal across the groups. The rear-end rate
effects were, therefore, not due to differences in general
safety performance between groups. These results are

presented in Figure 1, which shows rear-end and non--

rear-end accident rates plotted as a percentage of -the
control group rate. The experimental group non-rear-end
accident rates were greater than those for the control
group, while all brake light treatmnents showed an apparent
reduction in rear-end accident rates:

Not only did the centered high-mounted brake light
reduce the incidence of accidents by more than half, it
was also found to reduce the extent of damage to vehicles
involved in accidents by 38%. This led to the conclusion
that the centered high-mounted tail light results in faster
brake application in the following vehicle, resulting in a
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Figure 1. Accident rates by experimental condition.

slower speed at impact and consequently less damage to
both vehicles.

An attempt was made by NHTSA to calculate the
cost-benefit ratio or return on investment for the centered
high-mounted brake light based on vehicle damage costs.
It was estimated that there were 3.2 million accidents in
1977 that could have been affected by the centered high-
mounted brake light. If the additional light had been in
use, this figure would have been reduced by 54%., thereby
preventing 1.7 million accidents. The savings represented
by preventing these accidents was computed at 1.7 million
accidents X $317 average cost of repair of control
vehicles in the study X 2 vehicles, or $1,096 million. For
each vehicle involved in the 1.5 million accidents that
would still have occurred even with centered high-mounted
brake lights in use, the savings in cost of repairs would
have been $123 (3317 less $194, which was the average
cost of repairing cabs with high-mounted brake lights in
this study), for a total savings of 1.5 million X$123 X2
vehicles, or $369 million. The total annual dollar savings
accrued to the centered high-mounted brake light was
then $369 million plus $1,096 million, or $1 .465 billion.
The cost of installing the centered high-mounted light
was estimated at $4.00, and the total cost for 10 million
vehicles was $40 million. The cost-benefit ratio is then
1465/40 or 37:1. This cost/benefit calculation is ex-
tremely conservative because it does not include medical,
legal, or loss-of-work costs.

The results of this investigation were validated by the
Allen Corporation in 1980, again for DOT NHTSA.
This second study was directed by Raymond E. Reilly
and used 5400 Bell Telephone System company vehicles
divided into centered high-mounted brake light and control
groups. The result was an accident rate reductionof 53%
for the high-mounted brake light. A third study, sponsored
by the Insurance Institute for Highway Safety, was
directed by Mark Kirkpatrick. This study used 900 New
York City taxicabs and substantially supported the two
earlier investigations by reporting a 50% reduction in

1

rear-end accidents due to the centered high-mounted
brake light. ] .
The implications of these findings for motor vehicle
driver safety are immediately apparent. Based on accident
statistics, it was reported in the original study that, with
implementation of the centered high-mounted brake light,
1.7 million rear-end accidents would be avoided every
year. The dollar savings accrued from the high-mounted
brake light was computed at over $1.4 billion per year.
The statistical field test data show a consistent decrease
in rear-end accident rate on the order of 50% due to the
centered high-mounted brake light Presumably, infor-
mation about braking (i.e., deceleration) by a lead vehicle
is transmitted sooner or more effectively when the cen-
tered high-mounted brake light is available as a cue. There
are a number of plausible explanations for this. Forone,
the additional lamp provides greater signal area and
intensity. Since the dual high-mounted,condition provides
even greater area and intensity but was found to be less
effective, this argument is not very convincing. Ithasalso
been argued that the centered high-mounted location
permits detection by drivers several vehiclesback since it
can be seen through a number of windshields and rear
windows. This may be beneficial in multiple-vehicle

“pile-up” accident situations This benefit should, how- -

ever, also characterize the dual high-mounted condition.
The centered high-mounted brake light is independent of
the turn signals and provides an unambiguous brake
signal. It also seems very likely that the centered high-
mounted brake light position is a positive factor because
it is close to the “straight-ahead” line of regard. Studies
of eye movements and fixation points duringdriving have
suggested that the fixation point shows large dwell times
in the vicinity of the perspective point with rapid fixations
to objects in the visual field and back. This suggests that
the effectiveness of the high-mounted brake light may
occur because it is located near the normal line of regard.

Based on the field test studies, DOT modified the
motor vehicle safety standard to require that all passenger
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