Module 8

e A Closer look at:
— Human Factors
— Automation




What are Human Factors?

It's difficult to define: One source chooses to
define it In terms of the :

1) Focus of,
2) Objectives of, and
3) the Approach.




Focus of Human Factors

e “Focus on human beings and their
Interactions with products, equipment,
facilities, procedures and environment.”




Objectives

e ODbjectives of human factors to enhance:

— the effectiveness and efficiency with which work
and other activities are carried out.

— Certain desirable human values, including
Improved safety, reduced fatigue and stress,
Increased comfort, greater user acceptance,
Increased job satisfaction, and improved quality
of life.




Approach to Human Factors

“...systematic application of relevant
iInformation about human capabilities,
limitations, characteristics, behavior,
and motivation to the design of things
and procedures people use and the
environments in which they use them.




Aviation Week & Space Tech Says

NASA shuttle maintenance revieWuman factors will be an area of emphasis
since the wiring problems which grounded the progséemmed from how
work platforms and maintenance tasks affected agiwiring.

...we are applying more industrial engineering aochan factorswork in our
processes to improve ability of the workforce tadorae more error free,

The increasing level of automation in airline cpit& generally has proven
beneficial from a safety and efficiency standpdmit these complex systems
continue to create difficulties relateditoman factors and operational
procedures that can lead to accidents, accordiag #ustralian study.

...Getting thehuman factorsright takes more trial-and-error than designing t
graphics. The real test htiman factorsis when the pilot is reacting to a
separate fault. Such cases need to be evaluatpdofoer intuitive behavior...

THE AIR SAFETY FOUNDATION will conduct studies diuman factorsin
general aviation and publish the results lateryber, according to foundation
officials. The studies will center on pilot workhasynthetic speech
comprehension, the effects of age on motor skits@ow airmen interpret
weather data. The foundation's studies will be disygecifically at general
aviation pilots.




NASA'’s Definition

« Human Factors is an umbrella term for several
areas of research that include human
performance, technology design, and human-
computer interaction. The study of human factors
In the Human Factors Research and Technology
Division at NASA Ames Research Center focuses
on the need for safe, efficient and cost-effective
operations, maintenance and training, both in flight
and on the ground.




Human Factors 101 — 3 Lessons

e http://human-factors.arc.nasa.gov/web/hfl101/index.html













Cognitive Performance Research (Memory)

e researchers are studying the cognitive processes that
underlie the performance of pilots, air traffic controllers, and
other skilled professionals. This research involves a
combination of well-controlled laboratory studies of basic
cognitive mechanisms, theoretical modeling, flight simulation
studies, field observation, and analysis of accident reports.

They may also conduct field studies involving interruptions
and distractions in concurrent task performance, devising

ways to evaluate crew performance of complex tasks, and
teaching crews to critically analyze their own performance.




Cognitive
Performance
In Aviation

Environments ‘ 4
'm

The pilot is wearing an eye-tracking, head-mounted device
while performing the cognitive processes that involve:

Prospective Memory -- remembering to perform an
Intended action that must be deferred -- and,

Attention : Both to the task and the management of
concurrent tasks.

Changes in eye movement and puplil response, when
analyzed, will reveal how attention was directed throughout
the performance of the task. Further analysis relates
attention to memory and skilled performance.




e Lesson 2: Technology Interface Design
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Research Example

e Sometimes pilots can’t see the runway because of bad
weather or other reasons. T-NASA Is a suite of automated
cockpit displays that pilots can look at or through to see a
computer generated version of the runways.

Notice the increased erX|b|I|ty In design pOSS|bIe using
digital displays. =

Head-up Display (HUD)
Scene-linked Symbaology

Electronic i
Moving Map o
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Human-Computer Interfaces

Input Devices

There are many different kinds of input
devices that can facilitate human-computer
Interaction. These input devices may include:
keyboards, mice, joysticks, and other devices.

Output Devices

Historically, output devices have consisted of
various types of displays. They can range
from computer monitors to the head-mounted
displays worn buy users to interact with
Virtual Environments.




Human-Computer Interfaces should:

Match physiological characteristics and expertise
of the user.

Be appropriate for the task to be performed.
Be suitable for the intended work environment.

Since people come Iin many different sizes and
shapes, It should come as no surprise that there Is
no such thing as a universal, one-size-fits-all
human-computer interface.




Virtual Environment Interfaces and
Displays

 Virtual environments create a metaphor for the real
world that the user interacts with. With the aid of
head-mounted displays, data-gloves, 3-D audio,
haptic or tactile feedback, and other devices, the
iIndividual can interact with a virtual world which
can simulate reality.

These virtual environments can be used to create
simulations that can be used for many training or,

perhaps, interacting with prototypes that do not yet
exist in the real world.




Research Example:
Advanced Air Traffic Management Display

« 3-D air traffic visualization using VR techniques can be used
to improve situation awareness and reduce workload for air
traffic controllers in future air traffic control scenarios.

One of the objectives of this project was to develop and
evaluate possible format displays for air traffic, including VR,
to improve situational awareness.

Another objective was to develop interactive air traffic path
planning and new forms of conflict visualization techniques
for optimizing safe traffic flow.

The overall approach was to design, develop, test and
evaluate manipulative interfaces for route specification and
modification of normal procedures, due to weather, runway
or gate closures.







1. How has human-centered design changed the cockpi  t display?
a. Provided an alternate source of energy
b. Added more displays to increase information
c. Improved aircraft performance
d. Reduced information clutter; easier to read
e. Changed flight schedules

2. What is human-centered design?
a. Design of human beings
b. A term used in drawing
c. A teaching method
d. A methodology in technology design

3. What is NOT a feature of technology designin co  nsideration of
human factors?

a. Increase in computer speed

b. Increase In text size and readability

c. Use of images/symbols for quick reference
d. 3-D images to view terrains and traffic

e. Use of color coding for identification




4. What is NOT an area of study within Human Factor s research?
a. Human performance
b. Human and technology interaction
c. Human anatomy
d. Cognitive research/ human processing
e. Technology design

5. Who is NOT involved in Human Factors research?
a. Flight crew
b. Scientists
c. Animals
d. NASA
e. Technology designers




Human-Computer Interaction Quiz

6. Which sense is NOT usually associated with Human-Computer
Interaction?
a. Seeing
b. Tasting
c. Hearing
d. Touching

7. Which of the following is NOT a computer input device?

a. Joystick
b. Mouse
c. Keyboard
d. Printer
8. Which of the following is NOT a computer output device?
a. Joystick
b. Monitor
c. Head-Mounted Display
d. Speakers




My Definition

« Human Factors (or ergonomics) in aviation Is
the scientific study to understand human
physical and psychological limitations in a
complex environment that enables the
creation of human-machine interfaces or
human-human interactions that prevent
these limitations from causing aviation
accidents or harm.




The SHEL Model

e Created by Edwards in 1972

— Software
* Rules, regulations, laws, orders, SOPs, habits

— Hardware

e Buildings, vehicles, equipment, materials, property
— Environment

e Factors that system designers have no control over

— Liveware
e The human being




Why Automate?

Avalilable technology — because we can
Concern for safety — people do stupid things
Economy — it's my wallet getting thinner
Workload reduction — less fatigue Is safer
More precision — machines can do this

Display flexibility — provide only useful info
Instead of unnecessary Info




Automation

e Definition:

— Completion of any given task with low or
non existent conscious cognitive effort?

e Types?
— Man Machine

— Man Man
— Machine Machine




Aviation

* Trend from man-in-the-loop to automated
unmanned systems

e Automated systems in aviation operations
(e.g. autopilot, Engine download readers,
ATC alert lights/tones, CRT displays)

e Goal:
— To compensate for human limitations
— To Iincrease efficiency




Pros

ncreased capacity and automation
Reduction of manual workload and fatigue
Relief from routine operations

Relief from small errors

Possible Decrease workload

ncreased precision

Cost

Safety




cons

Dehumanizing — just engage the autopilot/throttles

Complacency — Why remain proficient in manual
backups, it never fails!

Silent Failures — auto trim compensates for
engine failure until “Oh, S#%*"

False Alarms — bias set too low give these

Possible Increase workload — turn this, set this,
enter this, verify this, page one, two, or three

Bad interface with automation — the machine will
always tell you when something goes wrong!

Costs — just because we can doesn’'t mean it’s
cheap, just ask NASA

Legal Issues/Political Issues — who to blame!




Mechanical

 Human interaction in the workplace?

e Man Machine

 Machines aid people in various industries
— e.g. manufacturing, maintenance, business




Everyday Automation

Some — necessary part of our lives
Some — luxuries we can do without

Some — problematic (so we avoid
them)

Examples: ATM, Automobile, Life

Support systems, Automatic toothbrush,
computers, etc.

Laziness is a Virtue! Here is an example
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Towards better Automation...

Operator s

Systems/o
and

— Be aware

nould be Involved and informed

nerator should monitor each other

of each other’s intention

— Should know what the other is doing
Compensate for human limitations
Automation should be predictable




Crew Station Design Process
Starts With HFE Principles

Preliminary DeSign pilot centered automation

. : .. management by exception
—1. Human Engineering Principles = 45iq information access

2. Design Requirements Review graphic symbols & icons
3. Mission and Task Analysis IUEAEIE Eelgiine

. - - internal consistency
4. Radio Technology Investigations

hands-on control
5. Interface Control Documents control & display redundancy

Detailed Design display pages

control panels
6. Functional Allocation=——~ grip switches

- : visual feedback
ge Rapld PrOtOtYpmg . auditory displays
8. TIM and Design Reviews

Design

document

=

Vv

Human Engineering Metrics
intuitive simple timely
readable  correctable tailored

Design Verification
9. Software Integration Lab Tests
10. Part-Mission Tactical Simulation
11. Av. Lab, Ground, & Flight Tests | crew coordination & effectiveness




Our Human-Centered Design Philosophy

« Applied Human Engineering integrates aircrew & aircraft
— We design the aircraft to accommodate the aircrew
 Poor design: will cause the aircrew to compensate for the aircraft
e Good design: the aircraft will work for (and work with) the aircrew
If the technology does not work for humans, then it does not work
Three competing design Philosophies are combined into one
« Human-Centered Mission-Centered Technology-Centered

Human-Centered Design includes humans 1st, mission tasks, then

technology
* Human strengths, abilities, skills, knowledge, training, and limitations

* Our aircrew task design will allocate each task element to:
— Humans: a manual task performed by the aircrew, aided by technology
— Technology: an automatic task performed by technology, managed by
aircrew
— Humans and Technology: working together as a team




Human-System Integration

« The AH-64D provides a
host of integrated
systems

e The cockpit design

provides the human
-system integration
— simplifies the
management of
complex systems

— IS tested and
validated

— Improves pilot SA




Cockpit Design Improves Pilot SA Three Ways

System Capability Pilot Vehicle Interface (PVI)
SyStem and Task Factors System Complexity Pilot Stress and Task Load

Cockpit Design Control & Display Management

State of the Environment

Feedback

PILOT SITUATION AWARENESS

Level 1 Perception of Elements in the Environment Pilot Pilot
Level 2 Comprehension of Their Meaning Decisions Performance

of Actions
Level 3  Projection of Their Future Status

SA is ever ythin g the pilot sees, hears, thinks, decides, and does.

I
Goals and Objectives I l Human Information Processing . Abilities
Preconcep_tlons Human Long Term Memory Experience
Expectations l Human Automaticity ' Training

Individual Pilot Factors




