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f e a t u r e

Introduction to the Special Issue,
Anthropometry in Design

By Tom Albin & Johan Molenbroek

FEATURE AT A GLANCE:
Welcome to the special issue on
anthropometry! This discussion will
cover a range of differently sized
topics tofit your interests. DeBruin
and Castelluci discuss the problems
of designing school furniture that fits
students, noting that “Regarding
School furniture dimensions, stu-
dents are usually exposed to furni-
ture with fixed dimensions, which
makes it almost impossible to adjust
to the ‘growing’ anthropometrics
along their school life and neither
does it accommodate multidimen-
sional fit very well.” Griffin et al.
discuss developing an “un-
derstanding [of] body dimensions in
relation to how a body functions,
moves, and changes” that “is
fundamental to creating compatible
wearable products” for aging
women. Alemany et al. discuss 4D
scanning, observing that “This tech-
nology is able to capture the human
body surface in motion at high
frequency with a high resolution” and
offers “an enormous potential to
advance in ergonomic design and
biomechanics.”Bradtmiller describes
the “nearly infinite combination of
head/facial characteristics” and
that “This combination of traits allows
us to recognize unique individuals
but increases the challenge of
designing headand face products that
fit a wide variety of individuals with
a relatively small number of sizes.”

KEYWORDS:
anthropometry, head and face
anthropometry, multivariate
accommodation, anthropometry of
movement, anthropometry of aging
populations, anthropometry of
school children

Half a century ago, Etienne Grandjean,
a pioneer of occupational ergonomics,
advised us to “Fit the work to the

worker” (Grandjean, 1963). Achieving
a physical fit between the user and an object,
such as a chair or a tool, is complex. People
vary widely in shape and size; while two
individuals may be the same height, they will
almost certainly differ in other dimensions.
Anticipating the physical dimensions and
capabilities of the individuals who will use
objects, such as tools, furniture, or clothing, is
critical in ensuring the physical usability of
the objects. A poor match between the
dimensions of an object and the physical size
or strength of the person using it often
adversely affects the ability to use the object
and may increase the risk of injury or
discomfort.

Anthropometric data describe these
variations in size, shape, and strength, and
are basic to the design of physical objects
that fit the person using the object. An-
thropometry is the study of human body
measurements and characteristics such as
strength, circumferences, and segment
lengths. It incorporates the processes of
measuring, recording, summarizing, and
documenting the measurement data. It
also includes the design of user interfaces to
facilitate the ability of designers and er-
gonomists to manipulate and analyze
measurement data.

What do we mean when we say that an
object “fits” the user? At its most basic, fit is
a match between the physical character-
istics of an individual and the dimensions
of the object that individual is using. For
example, the inseam length of a pair of
pants should match the inseam length of
the person wearing them, or the surface
height of an office desk should match the
elbow height of the person seated at it.

However, the definition of fit is somewhat
fluid, and it often differs by situation. For
example, the characteristics that define
the fit of a glove designed for thermal
protection differ from the characteristics
that define fit of a surgeon’s glove. A
mitten design may fit quite satisfactorily if
the goal is thermal protection but would be
entirely unsatisfactory for the dexterity
required by a surgeon.

Several approaches to utilize anthro-
pometric data have been tried. One approach,
often of limited satisfaction to the user, is the
“one size fits all” approach, such as a chair
in a public waiting room. A second, more
inclusive approach is to utilize a range of
sizes to match the variation within the user
population. A third perspective is to design
a range of adjustments that matches the
range of variation in the user population. A
fourth view is that of a one-time adjustment,
for example, kitchen counters built with the
surface at the intended user’s elbow height.
A fifth perspective is that of bespoke designs
tailored to match each intended user’s size
and shape. While this has been pro-
hibitively expensive in the past, the current
ability to scan the user’s body in three di-
mensions, combined with 3-dimensional
printing or other fabrication methods, may
soon make this more readily available.

Another issue of concern regarding the
collection of anthropometric data is the
change in measurements, such as body mass,
over time (Molenbroek et al., 2017). In the
Netherlands, for example, about 2.5 million
people, or 15% of the population, have
a body mass exceeding 100 kg. Designers
and ergonomists must be aware of this
phenomenon and design for plus-sized
people (Marcus et al., 2002).

Further, individuals’ anthropometric
dimensions often change as a function of
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activity. Tissues deform under loads associated with
changes in posture; for example, hip breadth of ANSUR2
males increased by approximately 10% when moving from
standing to seated postures (Gordon et al., 2014). Lewis and
Fowler (Lewis and Fowler, 2009) were able to measure
changes in subjects’ stature after only 15 minutes walking.
Meunier and Yin (Meunier and Yin, 2000) noted that waist,
chest, and neck circumferences varied when measured
throughout the day. The amount of use which an object
receives is also an important consideration; for example,
a kitchen utensil may be used for only a few seconds per
day, but an office chair may be used for eight or more hours
per day.

Clothing designers deal with these dimensional changes
through the concept of “functional ease” (Park and Langseth-
Schmidt, 2016), which is defined as an increase in the nominal
dimension to adapt to the user’s movement. For example,
Park and Langseth-Schmidt cite a functional ease allowance of
“3–4 inches for the waist of semi-fitted pants” (Park and
Langseth-Schmidt, 2016). Furniture designers often build in
the ability to adjust dimensions to fit a range of sizes of in-
dividuals; for example, the height of a desk that can be adjusted
to accommodate a range of seated elbow heights, often
between a small and a large individual.

In the latter case, the range of desk height adjustment
might include all dimensions between the 5th percentile
female value of elbow height and the 95th percentile male
value of elbow height. The desk height can be adjusted to
fit any individual whose elbow height is within that range; we
say that the design “accommodates” at least 90% of the
intended user population (equal numbers of men and
women). Rather than specifying the endpoints such as 5th
and 95th percentile values, current practice is to define
anthropometric accommodation as the proportion or
percentage of intended users whose physical measurements
fit within the design dimensions.

Poor anthropometric fit results in problematic pos-
tures. Problematic working postures “… not only decrease
performance and productivity, in the long run they also
affect well-being and health” (Grandjean, 1982). For ex-
ample, Wiker et al. (Wiker et al., 1989) noted that above-
shoulder reaching postures were associated with increases
of 15–27% in performance time. Bhatnager et al.
(Bhatnager et al., 1985) observed increases in the number of
inspection errors and the time required to inspect in-
dividual circuit boards as a function of display height, and
Berqvist et al. and Marcus and Gerr (Bergqvist et al., 1995;
Marcus et al., 2002) identified mismatches between the desk
height and the user’s seated elbow height as a postural risk
factor associated with discomfort and injury.

Historically, several problematic strategies have been
utilized with the goal of accommodating anthropometric
variation in a user population. The first is designing for the
average user. While this strategy is attractive when
dealing with multiple measurements, as the mean of a group

of measurements is simply the sum of the individual means,
this approach results in a design that is, by definition, too
large for one half the user population and too small for the
other half!

The second is the misuse of percentile values. An-
thropometric data have often been presented as tables of
percentile values. While percentile values are perfect tools
for estimating accommodation when only a single var-
iable is of interest, the use of percentile values must be
interpreted with great care when multiple variables are
combined.

There are two common forms to the misuse of per-
centile values. The first occurs when two percentile values
are added to estimate a third. For example, the Army an-
thropometric survey ANSUR2 does not have a direct
measurement of eye height above the floor while seated, but
that dimension can be estimated by adding eye height above
the seat and seat height. The problem occurs when the
designer adds some percentile values for each dimension
(e.g., the measurements for 90th percentile seat
height +90th percentile eye height seated) and assumes
that the summed estimate of seated eye height above the
floor will accommodate 90% of the user population.
Kreifeldt and Nah (1995) describe in detail the actual
accommodation for sums of normally distributed percentile
values.

A third misperception is to speak of an Xth-percentile
person, for example, a 5th percentile female, as if each of that
woman’s anthropometric dimensions are also 5th percentile:
stature, arm length, knee height, etc. As the number of
variables increases, it becomes increasingly improbable that
such an individual exists.

A fourth misuse of percentile values occurs when
a designer specifies multiple dimensions for an object using
percentile values, for example, 90th percentile length, 90th
percentile depth, and 90th percentile width, and assumes
that the object will accommodate 90% of the intended users.
However, 90% accommodation is only achieved if the
variables are perfectly positively correlated (r = 1.0). For
a combination of three 90th percentile values, the possible
accommodation proportions vary between about 70% and
90%, depending on the correlation value. Realistically, the
maximum is less than 90% as the correlation value is rarely
equal to 1.0. On the contrary, a correlation can easily reach
the level of zero, such as in the application of elbow-height
seated with buttock-popliteal length, which makes a large
adjustability range for an armrest in an office chair
necessary.

When a design incorporates multiple anthropometric
dimensions, estimates of accommodation can be achieved
using multivariate techniques such as principal component
analysis (PCA) or virtual fit test (VFT).

PCA mathematically determines a number of compo-
nents, or factors, equal to the number (n) of measurement
variables. Each component accounts for a proportion of the
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total variance, though some account for more than the
others. Ideally, a few components, much smaller in number
than n, account for most of the variance. For example, suppose
there are nine anthropometric variables of interest. A PCA
identifies nine components, but it also indicates that three of
the components account for 90% of the total variance. These
three components, the principal components, are the bases
used to estimate accommodation.

In PCA, the percent accommodation reported is a per-
centage of the variance accounted for by the selected principal
components. The components are all independent from one
another. In the example, three principal components explain
90% of the total variance. Separately, the accommodation
percentage is specified as 90% of the total variance accounted
for by the selected principal components. It is important to
be aware that this means that the actual accommodation
achieved is 90% of 90% of the total variance, or about 81% of
the total variance, not 90%.

Friess suggests that one way around this limitation is to
first set the desired accommodation goal (90% in the ex-
ample) and then determine the required univariate ac-
commodation level for each of the total number of
components that would yield a multivariate accommodation
of 90% (Friess, 2005).

In our example, there are nine variables and hence nine
components, and all the components are independent from one
another. To achieve 90% accommodation on all the compo-
nents concurrently, we must solve the equation X9 = 0.9 for
X. In our example, we determine that X is equal to 0.988. If we
then use the 98.8 percentile value from each of the nine
components, the resultant concurrent or multivariate ac-
commodation is approximately 90%.

However, this procedure can be problematic in applica-
tion. Suppose the goal is to design an object that will ac-
commodate 99% of the intended users for safety reasons. Then
the required percentile value for each of the nine variables is
99.8. In practical terms, the designer must use the maximum
value for each of the nine variables to achieve the desired
accommodation, regardless of the feasibility of doing so.

A virtual fit test (VFT), as developed by Reed and Par-
kinson, takes a different approach to estimating multivariate
accommodation. Rather than abstruse mathematical calcu-
lations, the VFT is at heart, a sorting operation performed on
the measurement data of a representative sample of the in-
tended users. It is often spreadsheet based.

An example of a VFT is one freely available from HFES
at https://www.hfes.org/Publications/Technical-
Standards#VFM. The user enters a measurement, or range
of measurements, into the spreadsheet for the variables of
interest. The spreadsheet is programmed to determine what
percentage of users is concurrently accommodated by the
specified range for each of the variables of interest in-
dividually and together in common.

As an example, a user might be curious to know what
percent of users will be accommodated by a chair seat that is

500 mm wide and 400 mm deep. When they enter those
values into the spreadsheet, the spreadsheet counts the
number of individuals whose measurements are concur-
rently accommodated within the specified range for each of
the variables of interest. The number of those individuals
whose measurements are within the specified ranges for all
the variables concurrently, divided by the total number of
individuals in the sample, provides the estimate of the
proportion or percentage of intended users who are
accommodated.

In summary, multivariate anthropometric designs tools
and workplaces that anticipate the variation in sizes and shapes
of the people who will use the objects result in more efficient
designs; benefits include enhanced productivity and quality
as well as lowered risk of injury.

Some selected sources of anthropometric data are listed
below. Here are some caveats that you should be aware of
regarding anthropometric data sources.

Some dimensions, especially body circumferences, are
changing over time (Molenbroek et al., 2017); hence, the age of
the data must be considered. Military data may not accurately
represent the full range of civilians, as previously mentioned.
Anthropometric dimensions of the same body part may change
as a function of movement or posture (body depth in lying or
supine posture can be 12.5% less compared with standing or
sitting (Molenbroek, 1994). Variation within a country is often
greater than that between countries. The need for accuracy of
fit often varies with the context of use, for example,
a prosthesis may require fit within ±0.1 mmwhile ±10 mmmay
be satisfactory for shirt or trousers.

ANSUR2. ANSUR2 is an anthropometric survey of US
Army personnel made publicly available in 2017. It includes 93
measurements of more than 6,000 soldiers, 4,082 males and
1,986 females. While there is much useful information here,
some caution is advisable in using it to generalize to a civilian
population, as it is based on a population which is generally
younger, leaner, and fitter than civilians are. The data files
can be downloaded here: https://phc.amedd.army.mil/topics/
workplacehealth/ergo/Pages/Anthropometric-Database.aspx.

The CAESAR project is a civilian-based collection of
anthropometric data from 5,000 people in Italy, the Nether-
lands, and the United States. The data were gathered between
1997 and 2001 utilizing one- and three-dimensional scans.
The database includes physical dimensions, including body
mass, for civilian men and women between the ages of 18 and
65. It includes a broader range of body sizes than military
data. It is available for purchase here: http://www.
shapeanalysis.com/CAESAR.htm.

DINED is a freely available anthropometric platform
(https://dined.io.tudelft.nl/en) that includes one- and three-
dimensional data, along with tools to utilize the data. It
includes data collected in the Netherlands, USA, Italy, and
Chile, as well as some dimensional estimates based on
Jürgens et al. It also includes a discussion forum to discuss
anthropometric issues.
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The International Standards Organization (ISO)
publication ISO TR 7250–2 (ISO 2010) provides summary
data for nine countries in Africa, Asia, Europe, and North
America. Fifth, fiftieth, and ninety-fifth percentile mea-
surement values are reported, as are the mean and standard
deviation. A strength of the publication is that the mea-
surement protocols are consistent https://www.iso.org/
standard/41249.html.

The Virtual Fit Tool (VFT) is based on the CAESAR data,
which have been statistically weighted to match the US Civilian
population as of 2014. It is freely available at https://www.hfes.
org/Publications/Technical-Standards#VFM.
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