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Introduction to Aviation Human Factors:

Definition of Aviation Human Factors

Definition of Aviation Ergonomics

Definition of Aviation Psychology

Description of the SHEL Model

Aviation Human Factors / Aviation Ergonomics

Human factors (or ergonomics) is the discipline concerned with optimizing the relationships between people and their activities through the systematic application of the human sciences, integrated within the framework of system engineering.

During the past hundred years considerable advances have been made in the disciplines concerned with fitting the person to the job, and the job to the person.  Flight crews and other personnel involved in the complex operations of the aviation industry must be carefully selected and trained, their equipment must match the capabilities and limitations of human performance, and they must be protected from the hazards of the environment in which they work.  These matters demand the attention of the applied human sciences.

Nowhere is this more evident than in the study of aviation disasters where in more than two thirds of cases investigators are driven to conclude that human error is a major contributor.  These errors are not normally due to sudden illness, suicidal tendencies, willful neglect, or the lack of basic abilities, but typically arise from temporary breakdowns in skilled performance because, system designers, managers, and trainers have paid insufficient attention to human characteristics and skills.  The discipline of human factors systematically addresses these issues, to attain the well being of end users, while achieving the maximum effectiveness and efficiency of the system involved.
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Aviation Psychology

Psychology is the scientific study of behavior; aviation psychology, therefore, is the study of behaviors related to aviation activities.  Typically, psychologists will seek to link specific behavior to an identifiable stimulus.  The behavior observed is then evaluated and described.  Often attempts are made to define certain desirable outcomes and seek ways in which to get humans to employ behaviors likely to achieve the desired outcomes.  Inevitably these studies seek human attributes, which can be selected, developed, or modified.  Examples include motivation, intelligence, learning style, responsiveness, alertness, memory, attention, skill, ability, personality, decision making style, and so on.

Description of the SHEL model

the SHEL Model is one of the tools used by psychologists to study the interaction between individuals, the systems in which they function, and the environment which influences those activities.  This model, whose major components include software, liveware (humans), and hardware, is  used extensively by multi-disciplinary design teams as follows:

Systems designers have three types of resources to employ:

Hardware.  Physical property, tangible items such as buildings, vehicles, equipment, materials, and so forth.

Software.  Rules, regulations, orders, policies, standing operating procedures, customs, practices, habits and so forth, all of which administratively govern the manner in which the system operates, and perhaps, the organizational structure of its people and information.

Liveware.  The human beings who interact with, and control the system.

Each of these components must interact with each of the others in an environment which will potentially influence any or all of the individual resources.  These external factors which affect the performance of a system or its components, but over which the system designers have no influence, are termed environmental factors.  This system may be simplistically illustrated as follows:
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For human factors researchers, the most important interactions are those that involve the people, or liveware.  This includes:  L-H, L-S, and L-L interfaces.  In real world application the relationships of course are not limited to two dimensions, but must be thought of and planned in three dimensions.  This occurs for example, when both the cockpit and cabin crewmembers interactions with each other and the myriad of hardware and software interfaces encountered in the course of a normal air carrier flight are considered.
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The SHEL Model in Research and System Application

1. Relationship between components of the model

a. The lines joining the system components in the figure represent the interfaces through

which energy and information are interchanged.

b. It is at these boundaries that many of the problems occur under operational conditions.

c. Typically, it is mismatches, rather than catastrophic failures at these interfaces that

predicate aviation mishaps.

d. Each system component can to some extent be tailored to suit the characteristics of the

other.

e. However, 

Liveware

 cannot be fundamentally redesigned to suit a particular application.

2. The 

L

iveware-

H

ardware interface

a. e.g., designing readable knobs and dials in the cockpit

1) issues such as position, required force, sensitivity all are considered.

b. Engineers provide data regarding the 

H

ardware

c.

 Ergonomists

/Human Factors Engineers provide data regarding 

L

iveware

3. The 

L

iveware-

S

oftware interface

a. It is imperative to assure that the 

S

oftware is not in conflict with the 

L

iveware

1) It is futile to formulate rules with which conformity cannot be attained and unwise to

formulate them so that undue difficulty is generated.

2) Are the rules, rather than the violators, basically at fault?

b. Decisions regarding the presentation graphics,

 symbology

, color, etc., are good examples

of 

L

iveware-

S

oftware interfacing.

4. The 

L

iveware-

E

nvironment interface

 a. This interface may appear the easiest to account for since you must design around such

things       as temperature, radiation, air pressure, weather, etc.

b. However, technology has far exceeded human tolerance in such areas as G-tolerance and

night vision.

c. This interface continues to be an area of intense investigation.

5. The 

L

iveware-

L

iveware interface

 a. This involves the interaction of multiple crew members, air traffic controllers, ground

crew, and    all other personnel who communicate with the aircraft.

b. Aircrew coordination training

6. Any change or minor modification may have far reaching repercussions within the SHEL

model.

Hardware needs to be examined in relation to its interfaces with operators and maintenance

personnel (readjustment to 

L

iveware-

H

ardware interface), and may require procedural

changes (

S

oftware) and hence some further training programs (

L

iveware-

S

oftware).

7. Ultimately, any interface that deals with 

L

iveware likewise involves human factors.
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 The SHEL Model in Research and System Application



1. Relationship between components of the model

a. The lines joining the system components in the figure represent the interfaces through which energy and information are interchanged.

b. It is at these boundaries that many of the problems occur under operational conditions.

c. Typically, it is mismatches, rather than catastrophic failures at these interfaces that predicate aviation mishaps.

d. Each system component can to some extent be tailored to suit the characteristics of the other.

e. However, Liveware cannot be fundamentally redesigned to suit a particular application.

2. The Liveware-Hardware interface

a. e.g., designing readable knobs and dials in the cockpit

1) issues such as position, required force, sensitivity all are considered.

b. Engineers provide data regarding the Hardware

c. Ergonomists/Human Factors Engineers provide data regarding Liveware

3. The Liveware-Software interface

a. It is imperative to assure that the Software is not in conflict with the Liveware

1) It is futile to formulate rules with which conformity cannot be attained and unwise to formulate them so that undue difficulty is generated.

2) Are the rules, rather than the violators, basically at fault?

b. Decisions regarding the presentation graphics, symbology, color, etc., are good examples of Liveware-Software interfacing.

4. The Liveware-Environment interface

 a. This interface may appear the easiest to account for since you must design around such things       as temperature, radiation, air pressure, weather, etc.

b. However, technology has far exceeded human tolerance in such areas as G-tolerance and night vision.

c. This interface continues to be an area of intense investigation.

5. The Liveware-Liveware interface

 a. This involves the interaction of multiple crew members, air traffic controllers, ground crew, and    all other personnel who communicate with the aircraft.

b. Aircrew coordination training

6. Any change or minor modification may have far reaching repercussions within the SHEL model.

Hardware needs to be examined in relation to its interfaces with operators and maintenance personnel (readjustment to Liveware-Hardware interface), and may require procedural changes (Software) and hence some further training programs (Liveware-Software).

7. Ultimately, any interface that deals with Liveware likewise involves human factors.



Source:  Embry-Riddle Aeronautical University:  HUMAN FACTORS IN AVIATION/AEROSPACE INDUSTRY; http://www.ec.erau.edu/cce/faculty/MAS604_1.doc












