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Anthropometric principles have been applied to many applications in various 
industries, for reasons of product value, efficacy and safety. This paper presents 
four anthropometric approaches for product design decisions. A univariate 
method has been widely used in designing for extremes, such as in determining 
door heights. A bivariate method has been useful for products that primarily 
involve dual essential dimensions, such as in shoe-sizing applications. For many 
other applications, a multivariate accommodation approach is necessary to 
account for both the body size variance and proportional variability. A JD 
shape-quantification approach is advisable for determining sizing schemes and . 
size ranges of personal protective equipment, such as fan protection harnesses. 
A JD digital feature-envelope approach is instrumental for placement of control 
components in workspaces, such as in a farm-tractor-cab accommodation. 

Introduction 

Anthropometry is the study of human body size and proportions. It contributes to product 
value, efficacy, and safety in numerous applications. Anthropometric information is 
traditionally reported as means and standard deviations for various body segments (Roebuck, 
1993). While the traditional anthropometric approach is useful for some simple applications, 
recent literature has shown that the point-to-point anthropometric information currently 
being used seems to be insufficient for many design applications (Hsiao et al, 2003). For 
instance, dimensions measured and tabulated by traditional methods are not linked to one 
another; knowing shoulder width would not enable a designer to create an accurate 
representation of shoulder location related to the cab space for a vehicle-design application. 
The newly available 3-D scanning and shape-quantification technologies make the 
assessment of JD anthropometric information for product-design decision a much more 
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feasible undertaking. This paper presents traditional univariate and bivariate methods and 
two emerging 3D anthropometric procedures for design decisions. Examples are provided 
for better understanding of general anthropometric principles and the specific approaches. 

Procedures for design decisions 

In product design practices, a six-step anthropometric procedure is typically used for design 
decisions (Hertzberg, 1972). These steps include (1) determining the body dimension that is 
of essential importance (e.g., stature, hand width, etc.), (2) determining the population to be 
considered (e.g., sex, age, occupation etc.), (3) selecting the percentage of the population to 
be accommodated (e.g., for safety, cost-benefit, or other concerns), (4) obtaining the 
necessary reference materials to determine the appropriate statistics (users may need to 
collect their own data.), (5) computing the specific dimensions, and (6) adjusting as 
necessary for clothing and other equipment. 

Design for extremes with univariate analysis 
In some design applications, the extreme value of a single anthropometric measurement 
plays the critical role in design decisions. An example is to specify the height for a doorway 
to avoid unintentional head injuries in manufacturing plants. The solution can be drawn by 
following the above-mentioned six steps. The essential dimension is stature. The population 
to be considered is U.S. civilians. The percentage of the population to be accommodated is 
99 .9 percent of the male population, reflecting the paramount importance of safety concerns; 
this will cover almost all females as well. The reference information X (mean stature) is 
175.3 cm and S (standard deviation) is 7.1 cm (Webb Associates, 1978). The Z value (a 
coefficient whose value varies with the percentage of population to be covered) for Zg9.9 is 
3.09. Therefore, Stature99,9 is 175.3 + 3.09 • 7.1 = 197.2 cm: By adjusting the height for 
shoes (2.5 cm) and headgear (5.0 cm) (Hertzberg, 1972; Das and Grady, 1983), we find that 
the desired opening should be 197.2 + 2.5 + 5.0 = 204.7 cm. 

Design with bivariate analysis 
In other product design applications, the design decision may involve some dimensions that 
can be simplified to two critical measurements. Shoe design is in this category. Most people 
are familiar with typical shoe sizing schemes, which consider foot length and foot width . 
Some people can find good-fitting shoes easily; others have difficulty in finding even a 
barely fitting one. Why? Assume that the U.S. population mean for foot length is 27 cm with 
a standard deviation of 1.6 cm and the mean foot width is 13 cm with a standard deviation of 
1.2 cm. Based on the assumption that the data are normally distributed, the ellipse in Figure 
I would cover 95% of the dataset. Assuming that a space of O to I cm between shoe length 
and foot length is the comfort range and that a space of O to Y. cm between shoe width and 
foot width is tolerable, we will have a number of two-dimensional configurations: a 28L by 
13.25W, a 29L by 13.25W, and many other shoe sizes (Figure i). However, we will notice 
that, based on the dataset, the central size fit only 7% of the persons. Some sizes only fit 2%, 
or even 0.2%. Comfort tolerance and cost probably dictate the available sizes in the market. 
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Figure 1 Use of foot length and width in determining shoe size 

Design for effective sizing scheme incorporating multivariate analysis 
In some design applications, the proper accommodation of a product to the user population is 
affected by multiple anthropometric variables. Fall protective harness design is an example. 
If we choose three key anthropometric measurements and make 3 levels for each 
measurement, we will have 27 sizes. As additional measurements are added to the design, 
the complexity of the sizing scheme very quickly becomes unworkable. Fortunately, 
mathematical or statistic_al techniques, such as principal component analysis methods, can be 
used to reduce the complexity involved with all relevant measurements into a manageable 
number of new "principle component" variables. With the six-step anthropometric procedure 
in mind, harness-design practices face three major challenges: (I) determining essential body 
dimensions (step 1), (2) obtaining the necessary data (step 4), and (3) computing the specific 
dimensions (Step 5). In a harness-sizing evaluation study, body weight and 7 other 
parameters were found to affect harness-size selection (NIOSH, 2003). A 3D extension of 
Elliptic Fourier analysis (Kuhl and Giardina, 1982) was used to quantify construction worker 
body shapes through multivariate statistics (Figure2). It was concluded that stature, hip 
circumference, and weight would be useful anthropometric dimensions for the correct 
assignment of a harness size. Based on the results obtained from the shape comparisons of 
the current sizes, it was concluded that three sizes were sufficient to accommodate most of 
the variation. An inverse EF A was then performed to predict the best-fit harness size, and to 
draft a sizing chart as follow: Small (weight< 58 kg, stature< 166 cm, hip circumference< 
88 cm), Standard (Weight 58-105 kg, stature 166 - 180 cm, hip circumference 88-108 cm}, 
and Large (weight> 105 kg, stature> 180 cm, hip circumference> 108 cm) (NIOSH, 2003). 

Design for complex workspace incorporating multivariate analysis 
In some complex system applications, such as in the design of farm tractor cabs, having 
multiple cab sizes to accommodate user population is not cost effective. Optimizing the 
control-component arrangement in the workspace would be a reasonable practice. Using the 
same six-step anthropometric procedure as for product design, we will notice the same three 
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Figure 2 Mean outlines for the three existing and redesigned harness sizes, based on 
multivariate predictions of Elliptic Fourier analysis coefficients 

major challenges as in the harness design case: determining critical body dimensions, 
. obtaining the necessary data, and computing the specific dimensions. ln a study on 
anthropometric criteria for the design of tractor cabs, knee height (sitting) and 8 other 
parameters were found to affect the accommodation rating (Hsiao et al, 2004). A principle 
component analysis approach was utilized to foam a set of 15 anthropometric model 
variables used in the cab design process, through significant composite variables, derived in 
a mathematical reduction process of key anthropometric dimensions. These 15 representative 
models are useful in the design process, especially in using digital human modeling 
techniques, to ensure that the finished product will accommodate the desired population. 
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Figure 3 Landmark locations (white dots) of the 15 representative body models related 
to the tractor workspace (left picture) and the 95% ellipsoid representations of the 
feature envelopes for some landmarks (right picture; side view of the workspace). 
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While the identified 15 representative models are useful for examining tractor cab 
accommodation, the design process is incomplete without considering the use of feature 
envelopes of body landmarks in optimizing the layout of cab components. For instance, 
designers need to know where the knees are with respect to the seat, to position the steering 
wheel. Visually, a feature envelope can be thought of as an ellipsoid enclosing a cloud of 
three-dimensional data points representing the variability in a landmark location. Figure 3 
shows some of the 14 critical landmarks for the 15 representative models for tractor design. 
Alternatively, designers can digitize the critical landmarks of all subjects in a national 3D 
survey database. A set of centroid coordinates of the key body landmarks and the 95% 
confidence semi-axis-length for each landmark location can be developed through a 
principle component analysis approach to guide tractor designers in their placement of 
tractor control components to best accommodate the user population. 

Summary 

In product design applications, a six-step anthropometric procedure is useful for design 
decisions. This paper presented traditional univariate and bivariate approaches and two 
emerging 3D anthropometric methods, based on the six-step anthropometric procedure, for 
various product design decisions. Examples of door, shoe, harness, and tractor designs were 
provided for better understanding of the general principles and the specific approaches. 

References 

Das B. and Grady R.M. 1983, Industrial workplace layout and engineering anthropometry, 
In: Kvalseth TO, ed. Ergonomics of Workstation Design. (Butterworths, London) 

Hertzberg H.T.E. 1972, Engineering anthropometry. In: Van Cott HP, Kincade RG, eds. 
Human Engineering Guide to Equipment Design, rev. ed. (U.S. Government Printing 
Office, Washington, DC), 468-584 

Hsiao H., Bradtmiller B., Whitestone J. 2003, Sizing and fit of fall-protection harnesses, 
Ergonomics, 46, No. 12, 1233-1258 

Hsiao H., Whitestone J., Bradtmiller B., Zwiener J., Kau T., Whisler R., Gross M., Lafferty 
C. 2004, Determining Anthropometric Criteria for the Design of Tractor Cabs and 
Protection Frames, (NIOSH technical report, Morgantown, West Virginia) 

Kuhl F.P. and Giardina C.R. 1982, Elliptic Fourier features of a closed contour, Computer 
Graphics and Image Processing, 18, 236-258 

NIOSH, 2003, Development of a Method for the Design and Sizing of Whole Body Fall 
Protection Harnesses, (NIOSH technical report, Morgantown, West Virginia) 

Roebuck J.A. 1993, Anthropometric Methods: Designing to Fil the Human Body, (Human 
Factors and Ergonomics Society, Santa Monica, CA), 53-56 

Webb Associates, 1978, Anthropometry source book, Vol. I (National Aeronautics and 
Space Administration, Washington DC) 



--·-THE Er9onomics soc•a>:2. 

Contemporary 
Ergonomics 



The broad and developing scope of ergonomics - the application of scientific knowledge 
to improve people's interaction with products, systems and environments - has been 
illustrated over the past two decades by the books which make up the Contemporary 
Ergonomics series. Presenting the proceedings of the Ergonomics Society's annual 
conference, the series embraces the wide range of topics covered by ergonomics. Individual 
papers provide insight into current practice, present new research findings and form an 
invaluable reference source. The volumes provide a fast track for the publication of suitable 
papers from international contributors. These are chosen on the basis of abstracts submitted 
to a selection panel in the autumn prior to the Ergonomics Society's annual conference 
held in the spring. 

A wide range of topics is covered in these proceedings, including: occupational health and 
safety; biomechanics; patient safety; slips, trips and falls; inclusive design; the rail industry; 
musculoskeletal disorders; air traffic control; human reliability; the defence industry; human 
modelling; usability; drivers and driving; and general ergonomics. 

As well as being of interest to mainstream ergonomists and human factors specialists, 
Contemporary Ergonomics will appeal to all those who are concerned with people's 
interactions with their working and leisure environment - including designers, 
manufacturing and production engineers, health and safety specialists, occupational, 
applied and industrial psychologists, and applied physiologists. 

TF4001 
ISBN 0-8493-2342-8 

90000 

CRCPRESS - .. .. -----~------
www. c repress.com 9 780849 323423 




