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Foreword

ISO (the

International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO coll
electro

aborates closely with the International Electrotechnical Commission (IEC) on all matters of

chnical standardization
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cedures used to develop this document and those intended for its further maintenanee |ar
bd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
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rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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n is drawn to the possibility that some of the elements of this document may, be the subject g
ights. ISO shall not be held responsible for identifying any or all such patént'rights. Details d
ent rights identified during the development of the document will be in the-Introduction and/o
50 list of patent declarations received (see www.iso.org/patents).
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explanation of the voluntary nature of standards, the dmganing of ISO specific terms an
ons related to conformity assessment, as well as information about ISO's adherence to th
rade Organization (WTQ) principles in the Technical Barriers to Trade (TBT), see www.iso.orgy/
word.html.
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all parts in the ISO 9241 series can be found on the ISO website.
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Iback or questions on this document should be directed to the user’s national standards body:. 4
e listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The use of interactive systems takes place within a physical environment. The design of the physical
environment is decisive with regard to the outcome of the interaction between a variety of sizes of
users and the physical environment. As described in the system concept of ISO 26800, the physical
environment is embedded in an organizational and a social and cultural environment.

This document deals with the physical environment in which a physically diverse user group is assigned
to one or more workplaces, or spatial environments, to accomplish a task. The entirety of the spatial
gnvironments assigned to a user is called environment of use. The relevant physical attributgs of the
gnvironment of use include issues such as air quality, thermal conditions, lighting, noise, spatigl layout
dnd furniture. Specifically, this document discusses concepts for the spatial layout of‘Workpllaces so
that they match the physical anthropometric characteristics of the intended user population.

© IS0 2020 - All rights reserved v
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Ergonomics of human-system interaction —

Part 514:

Guidance for the application of anthropometric data in the

Scope

his document is intended to provide guidance in the use of anthropometri¢ data wit
[SO 9241-500 series.

Normative references

here are no normative references in this document.

Terms and definitions
or the purposes of this document, the following terms:and definitions apply.

[SO and IEC maintain terminological databases for yse in standardization at the following addr

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://wivw.electropedia.org/

d

nthropometric accommodation

ercentage of individuals in the intended user population whose anthropometric measuremen
re concurrently within specified values for all anthropometric variables of interest pertiner]
esign of some object

2

ultivariate accommodation

percentage of individuals in the intended user population whose anthropometric measuremen
dre concurrentlyywithin specified values for multiple anthropometric variables

3.3
percentile
percefitage of the measurement values that are less than the given value

hin the

gsses:

t values
It to the

t values

34

user population
group of people having some common environment or activity

Note 1 to entry: These groups can be as diverse as geographically defined populations or specified age groups.

3.5
univariate accommodation

percentage of individuals in the intended user population whose anthropometric measurement values

are within specified values for a single anthropometric variable

© IS0 2020 - All rights reserved
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3.6

weighting

assignment of a statistically determined multiplier to an individual’'s anthropometric data in order to
reflect its relative importance in making the sample representative of the intended user population’s
anthropometry

4 Accommodation estimates are statistical inferences based on samples drawn
from the intended user population

4.1 Population samples

4.1.1 [Samples

In order to estimate anthropometric accommodation, the intended user population needs.to be defined.
For example, Japanese adult civilians between the ages of 18 and 70, or all Finnish children between th
age of Ojmonths and 24 months.

9%

The sanpple should be large enough to be statistically representative of the intended user populatior].
Often, the extremes of the data, the largest or smallest measurements, are of'great interest to designery.
The sanjple should be large enough that those individuals whose measurements are in the extremes ar
well represented in terms of count, thus avoiding over-reliance on too few:individuals in the extremes o
the measurement distribution. According to the BIFMA G1 Guideling/(BIFMA 2013)[4], “typically 1 00
or morelindividuals are needed for each gender to ensure good precision in the tails of the distributios
where the design decisions are made”.

(=~ —~u 07}

Similar;E;:l the sample should accurately reflect the demegraphics of the intended user populatior].
For example, a sample of anthropometric measureménts of military personnel are generally not
represeftative of the civilian population as they are based on younger individuals who are likely fitte
and leanjer than the civilian population from which-the military are drawn.

=

4.1.2 |Weighting

In som¢ cases, the sample of anthropémetric data does not exactly match the demography of th
intendefl users. For example, military‘data often do not exactly match civilian data on variables sucl
as height, mass and age. A practicdksolution is to statistically weight individuals within the sample i
proportjon to their representation’in the population of intended userslZl. However, as Gordonlél ha
emphasjzed, the technique ofstatistically weighting the sample data is useful in representing the targe|
populatjon, but its utility does not extend to intended user populations that differ from the samplg.
For example, there are @ufficient differences in the range of height between the Korean and Dutch
populatjons that one cannot be weighted to represent the other.

o TT = = (D

4.2 Unpivariate accommodation estimates

The simfplest accommodation estimates are those where only one variable, such as height, is involved.
In such|casSes, a percentile value gives a useful estimate of accommodation. For example, a designer
can want to design the ceiling of a room in an air terminal so that it provides a 20-cm clearance above
the heads of at least 95 % of all males from anywhere in the world. Then, a design height that is 20 cm
greater than the greatest 95th percentile value of males’ height in ISO/TR 7250-2 would reasonably be
expected to accommodate at least 95 % of all males worldwide. An even greater proportion of females
would be accommodated as men are generally taller than women.

NOTE The air terminal designer notes that the tallest males in the ISO/TR 7250-2 data set are from the
Netherlands, and that the 95t percentile value for their height is 195,9 cm. The designer adds 20 cm to the
95th percentile value and is reasonably confident that a ceiling height of 215,9 cm comfortably accommodates at
least 95 % of all male travellers.

2 © IS0 2020 - All rights reserved
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A similar accommodation estimate can be made using a 5th percentile value. Consider a situatio

020(E)

n where

a protective grid with square openings is placed in front of a piece of rotating machinery. The size of the

openings can be defined by the 5th percentile value of females’ index finger breadth.

This opening would prevent at least 95 % of females’ fingers from coming into contact with the rotating
machinery. A larger percentage of males’ fingers would be excluded as their fingers are generally larger

than females.

4.3 Multivariate accommodation estimates

lore often, multiple variables should be accommodated simultaneously in the design of a prog

bove the floor. In such cases, the use of multivariate techniques needs to estimate the lpropc
[sers concurrently, or simultaneously, accommodated on all three variables.

The existence of a representative sample of anthropometric data enables several‘types of mult
dnalyses. Two types are discussed here, the virtual fit test (VFT) and principal €0inponent analys

4.3.1 Virtual fit test (VFT)

Qne type of multivariate technique is the virtual fit test described by Parkinson and Reed!?], R
Parkinson[l1l and partially anticipated in ANSI/HFES 100:2007, A«1.6[31. In this technique, meast
yalues are first specified for all the variables of interest. Then, the number of individuals in thg
Wwho are simultaneously accommodated for all the measurement values are counted and convel
ercent of the total.

e

or example, suppose that a designer wants to know’ what percentage of a user population|
ccommodated by a proposed chair seat design if-the chair seat depth is 400 mm, the chair se
5 500 mm and the chair seat height is 450 mm. The designer defines an accommodated indiV|
n individual whose measurements are simultaneously less than or equal to the proposed seq
vidth and height measurements of 400 mm,"500 mm and 450 mm, respectively. The analysis s
igure 1 notes that about 78 % of a 50:50_mix of males and females are concurrently accommog
1l three dimensions.

Q) Dt o=t Q) ==t Q) et

—

In the next step, the designer counts all the individuals in the sample whose anthropometric dinj
or seat depth, width and height are simultaneously less than or equal to 400 mm, 500 mm and 4
espectively. This count is-generally done using a spreadsheet. The count of these individuals

]
gxample, a chair seat can have three dimensions of interest: seat depth, seat width, arddsedt height
|

uct. For

rtion of

ivariate
s (PCA).

eed and
irement
sample
tedtoa

will be
it width
idual as
t depth,
hown in
lated on

ensions
150 mm,
divided

oS =

The VFT techniquecis-straightforward and can readily be implemented through the use of ¢
dpreadsheets to @nalyse the anthropometric data of interest. It does not require any assu
legarding the distribution of the anthropometric data, for example, whether or not it is G
distributed,

(One limitation is that a representative sample of the population is necessary. A second limitatio
41l variables of interest to the designer should either be present in the sample or be capable
determined by combinations of variables present in the sample.

y the total number of individuals in the sample gives the estimate of the proportion accommoIated.

mputer
mptions
hussian-

n is that
hs being
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Multivariate Accommodation Testing Tool
Change only green cells

Fraction Male 0.5 between O and 1
Associated Dimension Value
Quantiles - Men Quantiles - Women Low High Percent Accommodated
Measures 5% 50% 95% 5% 50% 95% % Greater % Less Men Women Both
Stature (mm) 1634 1758 1882 1501 1621 1741 < 4
BMI (kg/mA"2) 21 28 39 20 28 43 4 4
Seated Measures
Abdominal Extension Depth (mm) 228 290 420 212 2838 424 0 o” 4
Buttock-Knpe Length (mm) 559 616 679 532 591 656 0 0" 4
Buttock-Pobliteal Length (mm) 440 486 548 420 474 529 400 o”  999%” 981% @
Elbow Rest[Height, Sitting (mm) 193 242 290 192 235 281 0 o” 4 ?91/
Eye Height |Sitting (mm) 736 802 859 686 748 805 0 o” 4 (]9
Forearm-Fdrearm Breadth (mm) 482 566 681 410 491 633 0 o” < X
Hip BreadtH, Sitting (mm) 333 382 455 353 421 530 0 500”7  987%” s »‘ 93,9%
Knee Heighf (mm) 508 557 606 459 504 550 0 o” 4 (?
Popliteal Hgight (mm) 390 434 478 338 382 426 0 450" 70,6% 'y\/s 3% 85,0 %
Shoulder Bfeadth (mm) 444 498 562 387 436 524 0 o”
Thigh Clearjance (mm) 138 168 204 124 150 196 0 o” (L
Elbow Heigpt Above Floor Estimated (mm) 615 679 739 554 618 681 0 o” q 4
Thigh Clearance Above Floor Estimated (mm) 540 602 662 480 536 594 0 0 Q~ 4
Knee DeptH Estimated (mm) 214 319 387 180 299 371 0 0& 4
Foot Depth|Estimated (mm) 334 460 544 283 422 511 0 oF
Standing Measures h
Eye Height|Standing (mm) 1517 1640 1762 1400 1512 1631 0 o” 4
Elbow-Fingprtip Length (mm) 431 470 512 386 421 462 Q o” 4
Elbow Rest|Height, Standing (mm) 997 1084 1177 914 1001 1090 0] o” 4
Foot Length (mm) 244 266 291 220 239 260 0 o” 4
.
Total Accojnmodation fo h 69,5 % 86,9 % 78,2 %
Figufre 1 — Screenshot of a virtual fit tool (VFT) showing accommodation on each variable

4.3.2

PCAisa
of the td

For an
Howeve
explaing
than n,
a combi
the x co

explaing.

When U

separately and concurreritly (total accommodation)

Principal component analysis (PCA) and boundary cases

technique for determining the humber of components necessary to explain a desired proportio}
tal variance within a sample-of individuals drawn from the intended user population.

I, it is often possible-to demonstrate mathematically that a smaller number of component

some desired proportion of the total variance, for example, x of n components, where x is les
Can explain 90/%-of the total variance. It is important to note that each of the n components i
hation of théinput variables, and that each component is independent of all the others. Each ¢
mponents-has an associated value v, which is related to the amount of the total variance that i

sing. PCA, one first determines the number of principal components (x) whose summe

varianc

1-variable multivariate ‘design, all the variance is completely explained by all n componentsg.

o

—

viw

— 7

i

i

b values (Ev) pyp]nin the desired prnpnrtinn of the total variance. For pynmplp, if the desire

level of accommodation is 90 %, then the variance explained by each of the x variables sums to 90 %,

eg.vy+

vy +.v, =90 %.

Because the components are independent of one another, their axes are necessarily orthogonal to all the
other components. These axes of the x principal component values, along with their associated variance
values, determine an ellipsoidal solid in an x-dimensional space. Under the assumption of multivariate
normal data distributions, the ellipsoid contains the desired proportion of all individuals in the sample.

A group of individual boundary cases equitably distributed on the surface of the ellipsoid is identified.
Each individual boundary case has measurements for all n variables.

© IS0 2020 - All rights reserved
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The minimum and maximum values for each of the n variables of the boundary cases are assumed
to include the desired proportion of all individuals, e.g. 90 %. Reed and Park[10 provide a general
description of this boundary manikin process. Gordonlél provides a good description of this process as
applied to design of a seated workspace where only three components were necessary to explain 90 %
of the total variance in ten body dimensions.

Alimitation of the PCA methodology is that it assumes normally distributed data, although it appears to
be relatively robust in the face of non-normally distributed data, especially as the number of variables
increases. A second limitation is that it can set somewhat extreme values of each variable of interest in

rdertoachieve the desired level of accommadation

4.3.3 Dealing with limited data

(On occasion designers may not have a complete data set, that is, a measurement for €ach varjable for
gach individual in the sample. For example, a designer can have access only to d_table of pgrcentile
yalues for each anthropometric dimension of interest for the intended user population. Rather than
having the height and weight data for each individual in the sample of the user|population, the dlesigner
dan have only the 5th, 50th and 95th percentile values of height and weight for all individuals.

A naive assumption is that using combinations of percentile values such as the 95th percentile values
Wwill accommodate 95 % of the intended users. While this is possible;it is statistically improbgble, and
ywould happen only if each variable was perfectly correlated with every other variable. The actual
dccommodation achieved depends on the correlation between the variables of interest.

There are two common situations, or cases, encounteredwhen a designer has access only to pdrcentile
data with which to estimate accommodation. In the first case, the designer wants to kngw what
proportion of individuals will be accommodated if éértain percentile values are used to design some
object. For example, the designer wants to know what percent of individuals will be accommodated for
d chair seat design if the 95th percentile measurements of the variables relevant to chair sedt depth,
width and height are combined to define the chair seat’s size.

NN

}.3.4 Estimating concurrent accommeodation for two or more variables using percentile|values

The percent accommodated when the-dimensions of an object are determined using percentile values for
yariables A and B, depends on the.correlation between the variables. For example, if the 95th percentile
yalues of seat width (P95W)tand seat depth (P95D) are used to define a chair seat width and depth
dimensions, then the pergent accommodated is exactly 95 % only if they are perfectly correldted and
the correlation value is 1,0.

If they are not at all-¢orrelated (linearly independent), then the accommodation is 0,952, just|slightly
more than 0,90. Ifthree 95th percentile values for seat height, seat width and seat depth are combined,
then if the anthropometric variables are perfectly correlated, 95 % of the users is accommodated. If all
three are indépendent (not at all correlated), then the proportion accommodated is 0,953, about 86 %.

is possible to estimate the accommodation achieved by combinations of two percentile valugs as the
intersection of two sets of measurements A and B. The percentile values can be thought of as prqgbability
alues. For example, the probability that a measurement value of variable A will be less than pr equal

. 095 : o L . irrently
have measurement values less than or equal to the specified percentile values can be expressed as

Formula (1).
P(A N B) = (ryp(Sd,*Sdp) + (P(A)*P(B)) (1)

where

© IS0 2020 - All rights reserved 5
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ryp is the correlation between A and B;
Sd , is defined as (P(4)*(1-P(A4))/3;
Sdp is defined as (P(B)*(1-P(B))1/2 [112][8],

Accommodation estimates for more than two variables can be achieved by concatenation. First, the
intersection of two variables is estimated. Then, the intersection of the combined variable with the
third is determined. The process is repeated until all variables have been combined.

@]

If the actual correlation values are not known, the average correlation of all the anthropometri
variablgs of interest can be used to make an estimate of the intersection of the two variables.

EXAMPHE 1  Suppose that a designer wants to estimate how many individuals will be accommodated if th
90th perfcentile values corresponding to seat depth (D) and seat width (W) are used to design a chair seat. Th
designer] knows that the two variables have an average correlation value of 0,5. Then the intersection of th
two sets|can be determined as P(D n W) = (0,5%0,3*0,3) + 0,81, or 0,855. Approximately 85,5\% of the intende
users will likely be accommodated if the seat’s width and depth dimensions are defined/ by the respectiv
90th perfcentile values.

D =& (D (D (D

EXAMPIHE 2 The designer decides to add a third dimension, seat height\ (H) and combines th
90th percentile value corresponding to seat height with the accommodation-estimate for the combinatio
of seat Width and depth. The average correlation value is 0,5. The accommodation estimate is determined b
P(WD n{H) = (0,5%0,3*0,35) + 0,9*0,85, or 0,82. About 82 % of the intended users will be accommodated by th
design determined by the 90th percentile values of seat height, width and depth.

~ = U

19%

4.3.5 |[Estimating concurrent accommodation for two or more variables using percentile values

In the [second case referred to in 4.3.3, the designer, wants to approximate an unmeasured
anthropometric variable using a combination of two or‘more percentile values. For example, a designef
can need to know what percent of individuals will bgtaccommodated for seated eye height above the
floor if he/she approximates the desired dimension®by adding the 90th percentile value of seat heighit
above the floor and the 90th percentile value~of seated eye height above the seat. One method gf
accomplishing this is the use of z-score multipliers.

4.3.6 |Z-score multipliers in addition.and subtraction of percentile values

McConvijille and Robinettel12] notedithat the sum of the percentile (values) is not the percentile of th
sum (of|the percentile values). For-example, suppose that a designer wishes to estimate a dimension
by addipg the 90th percentileyvalue of variable A (93 cm) and the 90th percentile value of variable |
(57 cm)| Their sum is 150 ¢m, but generally this is not the 90th percentile value for variable C. How cal
he/she ¢stimate the accammodation on variable C?

= OJ 3 (D

When ohly percentile€ values are available to the designer, a Kreifeldt-Nah (KN) multiplier[131l1] can b
used to |determime\the percentage of individuals who will be accommodated on a dimension estimate
by combining«two equally-valued percentile values, for example by adding or subtracting two 90t
percentjle yalues.

) e L

The Kl\‘] wrltinlior qccpiaac that tha d 4o hagya o f‘anos'

IO P CT oo u o oot oriit— ot oy oo Jgouy

percentile value is known. For example, the z-score for the 90th percentile value is 1,282. When two
percentile values are added, the z-score for the percentile value of the resulting sum is the original
z-score multiplied by the KN multiplier.

dictrihntion Thaon tha 7 conrn for ~nyy
St o e o e h 25010ttt

The KN multiplier for equal-valued percentiles can be determined using Formula (2):
KN =2/(2 +21,5)1/2 (2)

where r, is the correlation between the two variables that are combined!1l.
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