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Introduction
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� The measurement of human physical characteristics is called 
anthropometrics.

� Engineering anthropometry refers to the design of equipment, 
tasks, and workspaces so that they are compatible with the 
physical characteristics of the people who will be using them.

� Ex the designing the envelope around the 5th percentile for 
reach distance insures that 95% of potential users can reach 
the controls within the envelope.

� Biomechanics is the field of study concerned with how the 
body moves.

� Human factor specialists routinely apply biomechanical data  to 
equipment design so that equipment and tasks will 
accommodate the biomechanics of the user population.



3



Engineering Anthropometry
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� Anthropometrics refers to measurements of the dimension 
of the human body.

� It is important that the sample be randomly selected from 
the target population. 

� Our goal is to get as accurate a picture as possible of the 
distribution of the measurements of interest.

� All such measures are approximately normally distributed.

� The most commonly used anthropometric ranks are the 
5th, 50th , and 95th percentiles.



ANTHROPOMETRY AND DESIGN

� The primary guideline is to design the equipment to 
accommodate most individuals with regard to structural 
size of the human body.
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Calculating Percentiles

From: http://onlinestatbook.com/2/introduction/percentiles.html



Calculating Percentiles: Probability 
Distributions and Percentiles
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Example
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Anthropometrics for Design

12

� The percentiles in a table of anthropometric data are used by
design engineers to insure that equipment will be usable by
almost all members of a population.

� Ex problems of “clearance” which include head room, knee
room, elbow room and access to passageways and equipment,
require the engineer to design for the largest or tallest
individuals in the user population.

� Most commonly, the 95th percentile values for height or
breadth measurements will be used to insure adequate
clearance.

� Ex problem of reach, which involve such concerns as the
location of controls, the designer should be concerned with
the smallest individuals in the user population, or the 5th

percentile.



Design for Extremes

� Design for extremes implies that a specific design feature is a limiting
factor in determining either the maximum or minimum value of a
population variable that will be accommodated.

� For example, clearances, such as a doorway or an entry opening into
a storage tank, should be designed for the maximum individual that
is, a 95th percentile male stature or shoulder width.

� On the other hand, added space in military aircraft or submarines is
expensive, and these areas are therefore designed to accommodate
only a certain (smaller) range of individuals.

� Reaches, for such things as a brake pedal, is designed for the
minimum individual, that is, a 5th percentile female leg or arm length.
Then 95 percent of all females and practically all males will have a
longer reach and will be able to activate the pedal or control.
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Design for Adjustability

� Design for adjustability is typically used for equipment or
facilities that can be adjusted to fit a wider range of
individuals.

� Chairs, tables, desks, vehicle seats, steering columns, and
tool supports are devices that are typically adjusted.

� These devices that are typically adjusted to accommodate
the worker population ranging from 5th percentile
females to 95th percentile males.
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Design for the Average

� Design for the average is the cheapest but 
least preferred approach.

� For example, most industrial machine 
tools are too large and too heavy to 
include height adjustability for the 
operator.

� Designing the operating height at the 
50th percentile of the elbow height for 
the combined female and male 
populations means that most individuals 
will not be unduly inconvenienced. 

� However, the exceptionally tall male or 
very short female may experience some 
postural discomfort.
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Example: Design Seating in a Large Training 
Room
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Design Seating in a Large Training Room
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Recommend
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� It is important to exercise care when designing for the
minimum, maximum, or average.

� Robinette and Hudson (2006) caution, designing for the
5th percentile female to the 95th percentile male can lead
to poor and unsafe design.

� One reason for these cautions is that when multiple
dimensions are involved, some people will be large on
some dimensions but small on others.

� If the design is based on given percentile values for the
single dimensions independently, the percentage of people
who will be able to use the equipment comfortably may
be much less than the designer might intend.



Problems
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Biomechanical Factors
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� Good equipment design depends on more than accurate
anthropometric measures.

� Most people spend their entire workday using the
equipment for up to 8 h or more.

� People perform many actions, some repetitively and some
infrequently. Consequently, biomechanical constraints are
major factors in the design is called occupational
biomechanics.

� Occupational biomechanics can be defined as “the study of
the physical interaction of users with their tools,
machines so as to enhance the user’s performance while
minimizing the risk of musculoskeletal disorders.”



Biomechanical Factors
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� By considering these biomechanical factors, as well as
anthropometric factors, we can eliminate conditions that
promote injury and discomfort quite early in the design.

� The first category deals with posture. Good posture minimizes
skeletal and muscular stress, and can be encouraged by
designing the equipment or product

� Good posture, so that a user can keep his or her elbows close
to his or her body and minimize his or her head movement.

� The second category deals with the engineering considerations
involved in the design of the system interface.

� Improperly designed or misused equipment can result in
compression ischemia, or obstruction of the blood flow.



Biomechanical Factors
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� Exposure to vibrations can cause tissue damage and
psychological stress.

� A user’s chair must provide proper support, especially if it
is used for long periods of time. Repetitive task can
concentrate stress on particular tissues, which may in
turn result in chromic inflammation and permanent injury.

� The third category deals with kinesiological factor, or the
type and range of movements that are performed. Long,
forward reaches produce stress on the spinal column and
so should be avoided.


