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Getting started with Anthropometrics 
A basic reference document for designers 

Mic Porter, Ergonomist – (mic.porter@northumbria.ac.uk or +44/0 191 227 3155) 
School of Design, Northumbria University 

 
An introduction – The Normal or Gaussian curve. 
The concert of the Normal curve and the formula that links the mean and standardization of a set of 
data is fundamental to statistical mathematics and beyond the scope of this document.  Virtually any 
introductory textbook of statistical will, however, have a section on the topic. 

Negative Standard Deviations (Aka Z Scores) 
       

0 
Mean 

Positive Standard Deviations (Aka Z Scores) 
       

Figure 1. The Normal or Gaussian curve 
 
The curve is asymptotic (ie it never actually touches/crosses the X-axis) although it does get infinitely 

close.  Adopting and applying statistical theory ± 3 standard deviations will give a fair estimate of the 
range of the data but the curve is asymptotic and will never touch the x-axis.   Furthermore, this method 
of estimating the range will always underestimate the numbers of people at the extremes1.  

Furthermore, note that a little over 2/3 of the subjects (cases) can be found within the ± 1 of the mean.  
However, these assumptions may be problematic and can result in erroneous design decisions! 
 

Figure 2. The areas under the Normal Curve

                                                
1
  Just look in the Guinness book of records (2012) for the extremes of the world, Chandra Bahadur Dangi is a 

Nepalese who has “primordial dwarfism” and is only 572mm tall.  Contrast him with Sultan Kösen from Turkey 
who at 2510mm is nearly four times Chandra’s height. 

mailto:mic.porter@northumbria.ac.uk
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Calculating specific anthropometric data 
Anthropometric data is generally assumed to be distributed symmetrically about the data 
Mean according to the Normal distribution and the magnitude of the Standard Deviation.  
(The Standard Deviation, of course, is a measure of the distribution/range of the data.2)  This 
is a justifiable assumption and simplification for anthropometric dimensions that are 
determined by bone length (eg stature, arm length, popliteal length etc.) but is unreliable for 
dimensions based upon soft tissue (eg abdominal depth, thigh thickness, weight, etc.). 
However, due to the convenience, the “normality” assumption is a common approach but you 
must take care, think before you act, especially where the dimensions are multi-modal (ie not 
uni) modal. 
 
From standard statistical theory, a particular percentile can be calculated as follows: 
 

The fundamental formula: Xp = M+ Z(S) 
(For percentiles > 50(ie the mean) Z will be 
+ive but that for %iles< 50 it will be -ive). 

Where: Xp is the desired dimension for percentile p. 
 M is the mean (or 50%ile) value of the dimension in question. 

 Z is the Zscore (±) obtained from a normal distribution (Table 2, page 3) for percentile desired. 
 S is the standard deviation of the dimension.  
 

 
Table 1. 
Specimen anthropometric adult data (Pheasant (1986) except weight calculated by MP)

                                                
2
 To illustrate this point the two data sets 1,2,3,4,6,8,10,11,12 & 14 and 2,2,6,6,8,8,9,9,10 & 11 both have similar 

Means (7.1) but Standard Deviations of 0.55 & 3.1 respectively. 
3
 For weight two values of Standard Deviation are given, as this data is markedly non-normal.  This “work-around” 

uses different values for the Standard Deviation, the lower value for percentiles below the mean and the larger for 
those above. 
4
 The BMI is a general measure of fitness, originally developed for adults.  The weight (Kg) of an adult is divided 

by their stature (M) squared.  A figure between 18.5 and 24.9 is defined as “ideal”, 25.0 to 29.9 “pre-obese” and 
over 30, obese.   BMI is often found to be correlated with of poor health.  This is also a gross simplification – 5 of 
the 30 Rugby players in the recent Australia – v– England final have, according to the data given in the Guardian 
(21

st
 November 2003) BMIs greater than 30.  The use of BMI, especially for children and non-Caucasian 

populations, is still debated and certainly not universally accepted by medical and physiological “experts”. 

Dimension Male Female 
NB  Sample data for nude UK 
adults(19-45), mm (except weight) 

Mean 
(50%ile) 

SD 

() 

Mean 
(50%ile) 

SD 

() 
     
Weight

3
  (Kg.) 83.5 13.0/18.0 72.0 12.0/18.0 

     
Stature 1745 69 1615 61 
Shoulder height 1435 65 1315 57 
Sitting height. 915 35 855 35 
Finger tip height (from floor) 660 38 625 38 
Sitting eye height. 795 34 745 33 
Elbow rest height. 245 30 235 28 
Thigh clearance 160 15 125 16 
Popliteal height. 445 28 400 27 
Buttock-Knee length 595 30 570 29 
Buttock-Pop. length 495 32 480 29 
Hip breadth 355 29 365 37 
Abdominal depth  255 28 245 29 
Chest (bust) depth 240 23 240 26 
Shoulder - elbow length 365 20 330 17 
Elbow - fingertip length 475 21 430 19 
Shoulder- grip length 665 32 605 29 
     
Body Mass Index (BMI)

4
 –      
1

st
 Percentile 18.8 13.7 

50
th
 Percentile 24.5 19.0 

99
th
 Percentile 28.0 27.7 
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Table 2. Percentiles selected from the Gaussian (Normal) Distribution for use in anthropometric calculations 

 
Negative Z Values - Less than 50%ile Positive Values - Greater than 50%ile 

Percentile (signed) Z Value Percentile (signed) Z Value Percentile (signed) Z Value Percentile (signed) Z Value 

0.5 -2.5758 25.0 -0.6745 75.0 0.6745 99.5 2.5758 

1.0 -2.3263 26.0 -0.6433 74.0 0.6433 99.0 2.3263 

1.5 -2.1701 27.0 -0.6128 73.0 0.6128 98.5 2.1701 

2.0 -2.0537 28.0 -0.5828 72.0 0.5828 98.0 2.0537 

  29.0 -0.5534 71.0 0.5534   

2.5 -1.9600     97.5 1.9600 

3.0 -1.8808 30.0 -0.5244 70.0 0.5244 97.0 1.8808 

3.5 -1.8119 31.0 -0.4959 69.0 0.4959 96.5 1.8119 

4.0 -1.7507 32.0 -0.4677 68.0 0.4677 96.0 1.7507 

4.5 -1.6954 33.0 -0.4399 67.0 0.4399 95.5 1.6954 

  34.0 -0.4125 66.0 0.4125   

5.0 -1.6449     95.0 1.6449 

6.0 -1.5548 35.0 -0.3853 65.0 0.3853 94.0 1.5548 

7.0 -1.4758 36.0 -0.3585 64.0 0.3585 93.0 1.4758 

8.0 -1.4051 37.0 -0.3319 63.0 0.3319 92.0 1.4051 

9.0 -1.3408 38.0 -0.3055 62.0 0.3055 91.0 1.3408 

  39.0 -0.2793 61.0 0.2793   

10.0 -1.2816     90.0 1.2816 

11.0 -1.2265 40.0 -0.2533 60.0 0.2533 89.0 1.2265 

12.0 -1.1750 41.0 -0.2275 59.0 0.2275 88.0 1.1750 

13.0 -1.1264 42.0 -0.2019 58.0 0.2019 87.0 1.1264 

14.0 -1.0803 43.0 -0.1764 57.0 0.1764 86.0 1.0803 

  44.0 -0.1510 56.0 0.1510   

15.0 -1.0364     85.0 1.0364 

16.0 -0.9945 45.0 -0.1257 55.0 0.1257 84.0 0.9945 

17.0 -0.9542 46.0 -0.1004 54.0 0.1004 83.0 0.9542 

18.0 -0.9154 47.0 -0.0753 53.0 0.0753 82.0 0.9154 

19.0 -0.8779 48.0 -0.0502 52.0 0.0502 81.0 0.8779 

  49.0 -0.0251 51.0 0.0251   

20.0 -0.8416     80.0 0.8416 

21.0 -0.8064 50.0 -0.0000 50.0 0.0000 79.0 0.8064 

22.0 -0.7722 (Strictly Median)  (Strictly Median)  78.0 0.7722 

23.0 -0.7388     77.0 0.7388 

24.0 -0.7063     76.0 0.7063 
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You will find other formats (than Table 1, page 3) for the presentation of anthropometric data 
but usually it will be for undressed people.  You must make appropriate modifications to allow 
for the clothing worn, shoes, equipment, etc.  Thus, a chair for a waiting room where outdoor, 
winter, clothing may be worn will need wider than one where only indoor clothing only is 
expected. 
 
That males are larger than females is another assumption commonly made.  However, you 
must remember that this is not necessary true: 

 This will not be true from some dimensions - chest depth (generally measured 
horizontally at the shoulder blades) is obvious but hip breadth is another where the 
female gender generally has both extremes of the distribution. 

 While this will be true for most anthropometric dimensions it may not apply to 
individuals.  The couple walking along where the female is taller than the male is not 
uncommon, indeed the likelihood of this occurring for any given female stature is easily 
calculated providing a random distribution is assumed (which, of course, it should not!) 

 When populations combined women from the larger population might be bigger than 
men from the smaller.  Scandinavian women and Italian men, for example. Always 
check your assumptions when designing for markets that require you to combine data.  

 The assumption is also age dependant.  Typically, in the UK, populations of children 
aged between 10 and 12/14 will contain females larger, taller, etc. than the males.  The 
“growth spurt” occurs earlier in females than in males and this is getting earlier.  One 
reason, commonly given for this is improved nutrition. 

 
 

Sources of Anthropometric data 
Where does the anthropometric data come from and how good is at representing the general 
population?  Today, reliable data for the UK general public is readily available.  The DTI 
reports, Bodyspace (Haslegrave and Pheasant, 2006) and the software PeopleSize5 all seek 
to either give public data or warn you when it is not available.  Older sources, and much of 
the American data (eg Dreyfuss), is generally military in origin. 
 
The Army, Navy and especially the Airforce have always needed to know how big their men 
(and increasingly women) are so that they can be fitted to the equipment or the equipment 
fitted to them.  They also have the advantage that they can be ordered to line up and be 
measured, without clothes on.  Nice boys and girls might not be so keen!  (That said the 
latest scanning techniques6 are now able to measure the body without physical contact with 
the skeletal landmarks but they still provide very inaccurate data unless the subject is 
wearing minimal and tight only.) 
 
The age of the data is also critical.  While the indigenous UK population’s bone 
lengths/stature has not increased much for those born since the Second World War, the 
quantity of soft tissue has changed and is still changing fast!  Energy intake (of food 
consumed) up, exercise (energy output) down must lead to an increase in stored energy – fat 
deposits!  This can vary over relatively short periods of time.  (Incidentally, your stature will 
fall during the day – the older you are, the more you load the spine the shorter you will 
become, perhaps by 5 or 10mm daily.  The Ergonomist, Nigel Corlett has, over 45 years, 
published extensively in this area (eg Bonney and Corlett 2002). 
 
Additionally second generation immigrants often find the improved nutrition available in the 
UK can also lead to increased bone length as genetic maxima are approached; these children 

                                                
5
  To be found on all PCs within CCE2. 

6
  Levi’s is one company that offers tailored clothing from dimensions taken off your body by a 

computerized scanning process.  Clever, but not yet, either cheap or universally available.  However, 
such systems do deal well with soft-tissue and overall body shape/form. 
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are likely to be taller than their parents.  The ethnic diverse population of, for example, 
Leicester or South Shields can be expected to show this trait but the reverse may also be 
found in pockets of poverty with the community.  It is fallacy that old houses were built small 
as people were smaller.  The rich, whose houses tend to survive and become National Trust 
treasures, received the nutrition necessary to reach their genetically determined stature but 
the availability of large trees could be problematic when timber framing was the preferred 
mode of construction.  Now for the peasant/share cropper, living in a hovel a different set of 
circumstances applied; not least when a controlling government established conditions that 
limited the ability of a family to get the necessary nutrition even in “good” years; the mid-19th 
Centres Irish famine or the 1930s American “dustbowl” depression. 
 
In a small study I undertook in the mid-1980s I found significant difference in stature at aged 
7 between children attending school in Walkergate and in Gosforth.  The birth weight data 
also showed similar differences.  Overall the trend for the UK population is for increased 
bone lengths and soft tissue coverage but you can always expected to find variability in 
defined populations or groupings.  (In sports, for example, some body proportions might be 
advantageous to have (eg extreme stature for basketball players) and in other cases the 
activity itself will result in, often asymmetrical, development (eg Javelin throwers and the 
archers discovered on the “Mary Rose” which sank in 15457). 
 
When do you stop growing8?  Generally bone lengths are fixed by 18 (female) and 20 (male) 
but that is not the whole story!  Soft tissue is not stable and will continue to change as 
exercise and calorie intake vary from month-to-month or year-to-year. I also know of one 
other area of growth that continues into old age?  Look at your family photograph album; can 
you think what that might be9? 
 
The merging of several sources, collected by others, is a routine technique used by most 
statistical anthropomists.  The clearest description of the technique can, probably, be found 
in Pheasant (1982b) where he discusses how he uses (and validates) the correlation 
coefficient concept and the assumption of a normal distribution to calculate, by extrapolation, 
detailed anthropometric data for "general" populations.  The basic formulas for these 
calculations can start on page 7.  Roebuck et al (1975) also contains a description of this 
statistical technique. 
 

Progress check questions – 1 

A person has a stature (bare feet) of 5ft. 8inches – what percentile is this for a female and for 
a male UK adult?  

A person has a clothed hip width 18 inches – what percentile is this if the person is female 
and if they are male?  

What percentiles will a female of 200Kg and a male of 225Kg be? (Hint 1 inch is 25.4 
millimetres & 1Kg is 2.2lb.])  

                                                
7
  Not only were the “Mary Rose” archers selected to be six foot two or three (1872mm/1898mm) so 

that they could draw a 6’6” (1975mm) yew long bow but they quickly gained an asymmetry of build  
and it has been recently reported, RSI injuries of the shoulder and upper arm (Griffiths, 2012). 
8
  At 18 months old a child will be about half their final adult height, measure your children at 18months 

and make the prediction!  This, and cultural and geographical differences are discussed in Tanner & 
Eveleth (1990).   
9
 Ear size is one, usually obvious, example! 
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Figure 3. 
Anthropometric data application paradigm - Design and decision process outlined. 
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Progress check questions – 2 
 

What is the proportion of the population that might be able to meet the height requirement 
and become cabin crew with Suckling Airways?  (What assumptions did you make when 
calculating your estimate?)  Incidentally, if this selection criteria was every applied explicitly it 
would be unacceptable; now, I expect, it would also be illegal under the Equality Act 2010. 
 
“Applicants wanted for shortlist 
Cambridge-based Suckling Airways wants two cabin crew - men or women - who are no 
taller that 5ft 3in for its Dornier 228 Aircraft, which can carry 17 passengers.  The company 
said the cabin was only 5ft 4in high and any attendant taller than 5ft 3in was likely to develop 
back problems.  The airline already has 10 small hostesses - all women - working on its 
aircraft” 

Press Association quoted in the Financial Times (5.6.96) 

 
 
Using and Applying Anthropometric Data 
The size of people not only influences the “fit” that they can have with the workplace or 
product in use but is also some indicator of general health and their ability to apply force 
(more later).  Botha and Bridger (1998) highlight some of these aspects in a hospital setting 
and identify some possibly critical anthropometric dimensions and design decisions.  For 
general data (especially across the globe) Haslegrave and Pheasant (2006) contains reliable 
sources and Adultdata, Older adultdata and Childata from the DTI (Peebles and Norris 
(1998), Smith et al (2000) and Norris (1995) respectively) contain, primarily UK data.  These 
documents underpin the PeopleSize software and database. 
 
The extensive guide produced by the Dryfuss Associates (Tilley 2001) also provides a 
comprehensives source of anthropometric and other design relevant data. Littlefield (2012) is 
the formulaic and prescriptive guide for architects, interior designers and the like working on 
the built.  Pangro and Zelnik (1979) is still useful, although now dated source of guidance for 
interior space design.  Goldsmith’s classics (1976) and (2000) are both useful sources 
concerning wheelchairs and other forms of in-ability or restricted ability.  “Bodyspace” 
(Haslegrave and Pheasant (2006)) is the near definitive, guide to applying anthropometric 
data; Chapter five in Bush (2011) comes close. 
 
You must also consider what the critical dimensions are and the design decisions 
appropriate for your proposal (figure 3.).  You will rarely have a single crucial dimension if 
you are seeking to satisfy the demands of a population.  Never forget that people will not be 
the same percentile on several different dimensions; more about this from page 7.  Indeed 
20%ile difference, or more, is not uncommon nor will such people attract special attention! 
The particular issues and techniques applicable to the design of the driving position and 
seating  for road transport are well described in Macey etal (2009). 
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Standard statistical formula for combining distributions and applicable to 
anthropometric measurements calculations. 
 
All should note the contents of Table 3 but the numerical stuff can be regarded as a 
statistical aside, only for those who need to know!] 
 
Combining two measurements (sum) 
 
M(x+y) = Mx + My 

S(x+y) = (Sx
2+Sy

2 + 2rSxSy) 

Combining two measurements (difference) 
 
M(x-y) = Mx - Mx 

S(x-y) = (Sx
2+Sy

2 - 2rSxSy) 
Where: 
Mx = Mean of anthropometric dimension “x” 
 

 
Sx = Standard Deviation of anthropometric 
dimension “x” 

r = Correlation Coefficient between dimensions “x” and “y” (See table 3 below) 
 
 

Group  A B C D E F G H 
          

A Stature -   Correlation Coefficient (r ) 
B Weight 0.51 -  (Pheasant (1990) abstracted 
C Heights, reaches & limb lengths 0.84 0.46 0.63  from Roebuck etal(1975)) 
D Trunk breadths and depths 0.27 0.77 0.24 0.59     
E Trunk and neck girths 0.29 0.79 0.27 0.56 0.54    
F Limb breadths and girths 0.25 0.78 0.29 0.50 0.48 0.54   
G Hand and foot 0.42 0.41 0.34 0.23 0.26 0.31 0.47  
H Head and Face  0.23 0.26 0.17 0.17 0.16 0.17 0.19 0.16 

 
Table 3.  Estimates of the Correlation Coefficients between various groups of 
Anthropometric Measurements (after Roebuck et al 1975) 
 
What if people from two populations sit together on a bench of the type used in the 
Traditional Oxbridge college dinning hall?  The parameters of the whole distribution will (from 

statistical theory: Mg = nM and Sg = sn  (Subscript g indicates the whole group.) 
Where g is a subscript for the whole group and n is the number of people present.  Random 
meeting is, of course, assumed.  The rugby club does not, of course, sit together and their 
mass is “averaged out” by that of the petite females who partner them! 
 
A typical wheelchair is 650mm wide plus 250 extra allowance for hands and elbows.  A 
standard beer barrel is 765mm and both prefer a flat, un-stepped floor.  This, perhaps, 
explains why so many “wheelchair accessible” clubs/public buildings require the user to 
come in via the back entrance! 
 
Simple modification, for example the addition of shoes, is generally made to the means but 
not to the standard deviations.  This is a simplification as short people tend to wear high 
shoes and vice versa.  Thus the standard deviation is reduced.  If two anthropometric 
dimensions are to be rigorously combined then the modification of the standard deviation 
should depend upon the correlation coefficients between the two measurements.  , Pheasant 
(1986 &1990), Pheasant and Haslegave (2006) and Roebuck(1995) and cover the 
application of anthropometrics to design and evaluation with clarity.  These texts also include 
excellent worked examples.  If you are working for Children; Lueder and Berg-Rice (2008) is 
an excellent source of developmental information (especially Chapter 2, Brown and Beran 
2008), contains some anthropometric data (Chapter 3, Norris and Smith, 2008) and very 
many excellent, albeit, American, specific examples and case-studies.  Tilley (2001) also 
contains some developmental detail to complement the anthropometric data it contains.) 
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When designing you must also remember the “Personal Space” that we all make claim to 
and that surrounds us.  We seek to control who may enter our personal space and can find 
people who invade it most disturbing.  This will vary according to many factors, not least the 
density of people present.  Typically we are concerned about an described by a oval 
centered upon our trunk but extending some 650mm/750mm beyond it on all sides.  
However, during “crush conditions” we relax the desire for personal space and accept 
contact with unknown people, the Metro, for example, has been designed for a packing 
density of six people per square metre of floor space!  The culture in which you were raised 
is also a significant determinant of your desire for personal, defendable, space. 
 

PCQ – 3. 
Consider the lifts in Northumbria’s Design School building.  The internal dimensions are 1.4M 
x 2.0M and plate states that the lift can be loaded to a maximum of 17 people (1275Kg).  .  
Critically review, from an ergonomic and anthropometric perspective, the design specification 
of the lift.  

 
Unless you know better, accept that the anthropometric data that you are concerned with is 
normally distributed then you may assume that the range is 6 Standard Deviations.  Viz. 
Mean -3SD to Mean +3SD.  This is, of course, not statistically rigorous, the curve is, in reality 
asymptotic – even at ± 5 it will not have included everybody.  Indeed at ± 5 over 2 in 100,000 
is excluded and at ± 5½ the figure is still 2 in 100,000,000!  This assumption, does, however, 
extend the range beyond the more common, and more problematic, design criteria of 2½ to 
97½ percentile; 5%ile to 95%ile may, of course, be even more limited, undesirable and risky. 
 
Soft tissue measurements, especially, tend to the extremes more that the pure theory would 
indicate.  Endomorphs, exomorphs and of course the simply obese, are more common that the 
assumption of a “normal” distribution would suggest.  A mass UK study reporting general 
population heights and weights can be found in Knight & Elderidge(1984).  This is based on 
those sampled during the annual “General Household Survey” and is the best, if dated, source, 
of easily available10 data on stature and weight collected from a large sample within the UK.  It 
is to be noted that standard average weight for lifts, life rafts, etc. is being re-considered and 
they may be expected to be change in the near future.  PeopleSize can be used as a data 
source for other markets – Europe, North America etc – or Jürgens et al (1990) can be used to 
create the estimates required.  (If critical and/or in doubt ask an Ergonomist!) 
 

Progress check questions – 4. 
 

 What is the minimum length for a long bench seat in a mixed (50/50) Oxford College style 
dinning hall suitable for 20 students?  What assumptions have you made?  

 What percentiles (for stature) correspond to a male 1810mm and a female 1535mm tall? 

 What is the shoulder height of a 50%ile male and what is the percentile of a female of the 
same height? 

 What are the 1%ile and 99%ile for hip width for both males and females?  What is special 
about this dimension? 

 What other dimensions might also behave in a similar way?  Justify your answer with 
data calculated using Tables 1. & 2. 

 
Applying Anthropometric data?  – Warning correlation coefficients are not one!  

                                                
10

  Many clothing manufactures and retailers maintain their own data bases but rarely make these 
freely available outside the organizations. 
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The correlation coefficient is a measure of the degree to which one dimension is a good or 
poor predictor of another where values of +1 and -1 signify perfect correlations.  If positive 
then both dimensions increase or decrease in proportion to each other while a negative value 
indicates that one dimension increases while the other decreases (or vice versa).  A value of 
0 (zero) indicates that there is no correlation between the two variables. 
 
Nobody will be the same percentile on different anthropometric dimensions.  Correlation 
coefficients between anthropometric dimensions found in one study (Roebuck et al 1975), for 
example, include 0.976 between stature and eye height and 0.187 between stature and sitting 
elbow height.  The correlation coefficient between stature and weight was found to be 0.493. 
 
Roebuck et al (1975) reports 96 different correlation's while Pheasant (1990) gives "typical" 
correlation coefficients for eight groups of anthropometric measurements and uses this 
predictive technique (Pheasant 1982a & b) as the basis of his estimates of anthropometric 
measurements published in Bodyspace (Pheasant, all editions) and elsewhere. 
 

A major design critical factor problem – The warning illustrated 
Anthropometric data was collected from a group of 100 male "mature" students by direct 
measurement, in mm, over light indoor clothing with the traditional Harpenden anthropometers.  
Table 4 and can be generally seen to be in close agreement with Pheasant's predictions. 
 

Dimensions in mm   Pheasant& Haslegrave (2006) 
(Dimension reference to 
Bodyspace, all editions) 

Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

     
Stature (1) 1743 74 1740 70 

Sitting height (8) 908 34 910 36 

Sitting elbow height (11) 244 28 245 31 

Popliteal height (16) 445 29 440 29 

Hip breadth (19) 356 37 360 29 

 
Table 4  The collected data compared with Pheasant(1996) reported for UK Males(19-65). 
 
The three scattergraphs below illustrate the issue that the users of the anthropometric data 
must be mindful of.  In each case the percentiles for stature are plotted against those of 
another dimension (sitting height, popliteal height and thigh thickness respectively).  Each 
point, therefore, represents a single person's percentiles on the two axes.  Quoted in the 
heading is the correlation coefficient(r) for the two measurements. 
 

Correlation coefficients 
 

[Upper quadrant - sample data 
Lower quadrant - Roebuck et 
al(1975)].  S
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Stature(1)  0.842 0.934 0.893 0.209 

Sitting height(8) 0.743  0.854 0.748 0.131 

Sitting elbow height(11) 0.187 0.584  0.849 0.221 

Popliteal height(16) 0.821 0.453 -0.031  0.274 

Hip breadth(19) 0.352 0.332 0.205 0.210  

 

Table 5.  Correlation coefficients for the data presented in the scattergraphs  
Correlation Coefficients(r) calculated from the collected data and as reported by 
Roebuck(1976).  Note that as the definition of the dimensions were not identical with other 
published sources; this data must be regarded as illustrative only. 
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Popliteal height v Stature(r = 0.89)
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Graph 1. 
Bivariable scatter plot for popliteal height v stature, variables with a  “very good” 
correlation (indeed about as good as it gets!). 
 
The height of the top of the head above the seat pan(sitting height) is well correlated with 
stature.  In the case of the data collected here r = 0.89.  The lower value (r = 0.82) reported 
by Roebuck et al (1976) might, again, be explained by the greater racial diversity in the 
population he sampled.  The data in this case is more closely correlated than that presented 
in Graph 1 but a greater number of people are falling outside the predicted values (15/100).  
The situation, of course will be even worse if further dimensions are considered to be critical 
for the success (or otherwise of the product).  In summary: 
 

 5%ile or less for both popliteal height and stature 1 

 5%ile or less popliteal height but not for stature 1 

 5%ile or less for stature but not for popliteal height 4 

 Total percentage for 5%ile or less on either or both dimensions 6% 

  
 95%ile or more for both popliteal height and stature 3 

 95%ile or more popliteal height but not for stature 4 

 95%ile or more for stature but not for popliteal height 2 

 Total percentage for 95%ile or more on either or both dimensions 9% 

 
Thus a 5th% to 95th%ile design criteria which might be expected to cover 90% of the 
population only, in this case, covers 85%.  Be warned, this criteria applied to multiple 
dimensions will, severely, limit the utility of your design.  Car designers, see Macey (2009) for 
the particular problems applicable to designing effective driving positions.  
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Graph 2. 
Bivariable scatter plot for sitting height v stature.  There is a “good” correlation for 
these two variables. 
 
The height of the top of the head above the seat pan (sitting height) is well correlated with 
stature.  In the case of the data collected here r = 0.84.  The lower value (r = 0.74) reported by 
Roebuck et al (1976) might be explained by the racial diversity of the population he sampled.  
 
In design work the values critical to the design specification are often those at the extremes 
of the distribution.  However, even with closely correlated data sets sufficient people are not 
the same percentile on several dimensions.  The total of those who can use a design will be 
underestimated if the two dimensions are considered separately.  For example, if both 
stature and sitting height are of critical importance an expectation that 90% of the population 
will be covered will fall, in this case, to 86/100.  The data presented here again cuts off more 
than the naïvely predicted 10%. Thus a design decision based on both dimensions that was 
intended to exclude the smallest and the largest 5% does, in fact exclude 14%; not 10%! 
 

 5%ile or less for both sitting height and stature 4 

 5%ile or less sitting height but not for stature 3 

 5%ile or less for stature but not for sitting height 1 

 Total percentage for 5%ile or less on either or both dimensions 8% 

  
 95%ile or more for both sitting height and stature 1 

 95%ile or more sitting height but not for stature 1 

 95%ile or more for stature but not for sitting height 4 

 Total percentage for 95%ile or more on either or both dimensions 6% 
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Now consider the design of elbow rests for an office chair.  A critical bivariable scatter plot of 
the collected data relevant to this design feature is shown in Graph 3. 

Hip breadth v Sitting elbow height(r = 0.24)
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Graph 3.  Bivariable scatter plot for hip breadth v sitting elbow height. 
 
 

Progress check questions – 5 

Using this graph estimate the number of individuals that represent the critical cases to be 
considered in your design and consider why these dimensions might be critical for chair 
design.  There were exactly 100 people in the sample, each represented by one data point. 

 
 
Designing for the individual 
It may be that you are designing for one person; an F1 driver, for example.  Body scanners 
are now readily available where an individual’s dimensions may be recorded just as they are 
on that day and at that time.  Indeed some specialist fashion/clothing designers are using 
such systems to provide perfect fit and some are sending such dimension’s direct to 
automatic fabric cutting machines.  However, most artefact designers are seeking to fit large 
numbers of people; they wish to create for mass markets and want all to be able to use 
effectively! 
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An answer to PCQ 1. 
A stature of five foot eight inches converts to 1727mm (1 inch = 25.4 mm).  

Females (using the standard formula) Males (using the standard formula) 

 1727 = 1615 + Z(61) 
 Z = (1727 - 1615)/61 = 1.8361 

Look up in table of Normal distribution (Noting 
that %ile will be more than 50

th
, ie a +Z value) 

You find that the Z value corresponds to about 
96.5

th
 percentile. 

 1727 = 1745 + Z(69) 
 Z = (1727 - 1745)/69 = - 0.2609  

Look up in table of Normal distribution (Noting 
that %ile will be less than 50

th
, ie a –Z value) 

You find that the Z value corresponds to 
between 39

th
 & 40

th
 percentiles. 

 
The clothed hip width of 18 inches becomes, say, 17½ after clothing has been allowed for.  This 
converts to 445mm.  

Females (using the standard formula) Males (using the standard formula) 

 445 = 365 + Z(37) 
 Z = (445 - 365)/37 = 2.1622 

Look up in table of Normal distribution and you 
find that the Z value corresponds to about 
98.5

th
 percentile.  

 445 = 355 + Z(29) 
 Z = (445 - 355)/29 = 3.4482  

This is outside the extremes to be found in the 
Table given.  Thus the assumption is that no 
men are this wide – not true, of course, but 
with soft tissue the extremes are especially 
problematic. In fact the extremes are likely to 
be under-represented for any anthropometric 
dimension.  Why might this be? 

  
The percentile for the two heavy weights cannot be calculated as they are too extreme and the theory 
is not capable of extrapolation to that extent.  Incidentally 200Kg is equivalent to 31stone 6lb and 
225Kg is 35 stone 5lb.  Neither person would be easy for the undertaker or paramedic crew to carry!  
(When the heaviest man (242 kg/38 stone) was transferred to hospital it was the Tayside Fire Brigade 
that dealt with the heavy lifting, not the ambulance service.  
[http://news.bbc.co.uk/1/hi/scotland/4507615.stm – 20/12/05]) 
 
 
An answer to PCQ 2. 
Five foot three inches converts to 1600mm (1 inch = 25.4 mm).  The data given in this handout and 
the normal distribution, have been used in the Xp = M + Z(S) formula. 

Females (using the standard formula) Males (using the standard formula) 

 1600 = 1615 + Z(61) 
 Z = (1600 - 1615)/61 = - 0.2459 

Look up in table of Normal distribution (Noting 
that %ile will be less than 50

th
) 

You find that the Z value corresponds to about 
40 percentile 

Ie about 40% of females (without shoes) would 
be able to take these jobs. 

Now rework but add 25mm for shoes (in view 
of the height of the cabin assume no hats are 
worn) 

(Now only between 25% & 26% of females) 

 1600 = 1745 + Z(69) 
 Z = (1600 - 1745)/69 = - 2.1014  

Look up in table of Normal distribution 
(Noting that %ile will be less than 50

th
) 

You find that the Z value corresponds to 
between 1.5 & 2.0 percentile 

Ie less than 2% of males (without shoes) 
would be able to take these jobs. 

Now rework but add 15mm for shoes (in view 
of the height of the cabin assume no hats are 
worn). 

(Now only about 1% of males) 
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Of course this these formula can also be worked the other way round.  What is the height of a 
75%ile female?  What is the corresponding male %ile? 

 

 = 1600 + 0.6745(61) 
 = 1641mm tall (no shoe allowance) 

 

Now work out what %ile male is the same 
height as 95%ile female. 

(Ie about 26%ile) 

And now the male! 

 1641 = 1745 + Z(69) 
 Z = (1641 - 1745)/69 
 Z = - 1.5072 

(Again note that this is less than the mean so, 
on looking up, we find the value between 6 & 
7%ile.) 

What else need to be considered?  The rise in height as one walks, for example?!  An 
allowance for any “high” hair styles?  
 
 
An answer to PCQ 3. 

Mark out this space on the floor, can you fit 17 people within it without infringing personal 
space?.  What packing density do you find acceptable?  Does it vary with the context and the 
conditions prevalent?  Furthermore, the plate implies a mean weight of 75Kg.  Is that 
reasonable?  Will heavier people take up too much space – and don’t forget the portfolios, 
model ie luggage! 
 
 
An answer to PCQ 4. 
Thus using the hip breath data (from Table 1.) a bench to seat 10 people would generate the following 
distributions: 
 
Male College Female College Mixed College 

   
Mean hip width = 

 355mm 
Std. Dev. = 29mm 

Mean hip width = 
 365mm 

Std. Dev. = 37mm 

Combining the distributions (zero correlation 
coefficient between genders assumed) & as were 
equal numbers of males & females. 
 

Thus for ten… Thus for ten… Thus for a single pair… 

M


 = 3550mm 
S


 = 92mm 
M


 = 3650mm 
S


 = 117mm 
M


 = 355 + 365 = 720mm 
S


 = 29
2
 +37

2 
= 47   And for five pairs (ten people) 

  M


 = 3600mm S


 = 1486mm 

So, the length required for success 99% of the time: 

 

=3550+(2.33*92)mm =3650+(2.33*117)mm = 3600 + (2.3263 * 1486) 

Length = 3.76 Mtrs. Length = 3.92 Mtrs. Length = 3.84 Mtrs 
 
Thus if assumptions about normal distributions of hip widths (or should it be shoulders, perhaps you 
had better check for yourself!) and equal numbers of male and females then the answer for 20 people 
(50/50 male/female) would be 7.68M.  Of course if this was not to be all in length then there would 
also be “end effects” to consider – people avoid sitting right on the end incase they are pushed off!  
Now, of course, this is nude dinning – what should be added for clothing! 
 

What percentiles correspond to a male 1810mm tall and a female 1535mm tall be? 

Males Females 
  
1810 = 1745 + (Z * 69) hence Z = 0.9420 
 

1535 = 1615 - (Z * 61) hence Z = -1.3114 

Working backwards through Table 2 gives about 
83%ile for this person. 

Working backwards through Table 2 gives about 
9.5%ile (by interpolation) for this person. 

  
If the person concerned is shod then 25mm (or 
whatever) must be removed first.  Thus… 
 
(1810 – 25) = 1745 + (Z * 69) hence Z = 0.5797 
 
This corresponds to about 71.5%ile 
 

If the person concerned is shod then 35mm (or 
whatever) must be removed first.  Thus 
 
(1535 – 35) = 1615 - (Z * 61) hence Z = -1.8852 
 
This corresponds to about 3%ile 
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What is the shoulder height of a 50%ile male and what is the female percentile for the same?  

So what female is 1435mm tall.  Substituting in the standard formula gives: 

1435 = 1315 + (Z * 57) thus Z is 2.1053.  Working the Normal distribution table backwards 
the nearest cells are 98.5/2.1701 & 98.0/2.0537.  Crude interpolation gives 98.25%ile.  Ie a 50ile male 
is as tall as a 98%ile female.  This is, of course, without shoes. 
 
What are the 1%ile and 99%ile for hip width for both males and females?  What is special about 
this dimension?  
What other dimension might also behave in a similar way?  Justify your answer with data 
calculated using Tables1. & 2. 

Male Female 
1%ile = 355 – (2.3263 * 29) = 288 mm 1%ile = 365 – (2.3263 * 37) = 279 mm 
99%ile = 355 + (2.3263 * 29) = 422 mm 99%ile = 365 + (2.3263 * 37) = 451 mm 
 

What is “special”?  That the females are both he minimum and the maximum, usually the male is the 
maximum and the female the minimum.  Something similar will occur with abdominal depth – 
especially for pregnant women and also for chest depth. 
 

Male Female 
1%ile = 240 – (2.3263 * 23) = 186 mm 1%ile = 240 – (2.3263 * 26) = 179 mm 
99%ile = 240 + (2.3263 * 23) = 294 mm 99%ile = 240 + (2.3263 * 26) = 300 mm 
 
An answer to PCQ 5. 
The width between the elbow rests must provide clearance for the hip (hip breadth) but as this is 
increased the armrest must be raised to maintain contact with the underside of the elbow.  A wide seat 
for a thin person thus becomes uncomfortable and if that person wishes to push on the armrests on 
raising out of the chair (very common among “elderly” people) they will have difficulty in doing so.  Of 
course somebody with a large hip width attempting to sit in a narrow chair might fail completely or just 
“stick tight” when they attempt to get up! 
 

 5%ile or less for both sitting elbow height and hip breadth 2 

 5%ile or less for hip breadth but not for sitting elbow height 7 

 5%ile or less for sitting elbow height but not for hip breadth 6 

 Total percentage for 5%ile or less on either or both dimensions 15% 

  
 95%ile or more for both sitting elbow height and hip breadth 0 

 95%ile or more for hip breadth but not for sitting elbow height 8 

 95%ile or more for sitting elbow height but not for hip breadth 2 

 Total percentage for 95%ile or more on either or both dimensions 10% 
 

Thus an initial prediction of 10% excluded (5% at each end of the distribution) is, for this sample, 
actually 24% (24/100)!  Thus nearly a quarter of the group can be expected to have difficulty when the 
simple prediction was only for a tenth!  Two people are actually >95%ile for hip breadth but <5%ile for 
sitting elbow height 
 
As an aside don’t forget that different populations are differently sized and proportioned!  A critical 
factor if you are selling world wide and one that has often resulted in grief/addition, unexpected costs.  
For example when a manufacturing company developed a microwave production line in Japan and 
then shipped an identical version to be assembled in Washington (Tyne & Wear)!  Major production 
rate and quality problems and then the musculoskeletal injuries started quickly followed by the legal 
claims!  I then got the job to work out what was going wrong – easy money for me!  Can you guess 
what the root of the problem might be?  [Pheasant and Haslegrave (2006) has some data for different 
populations but a simple overview can be found in Jürgens et al (1990)] 
 

Conclusion - the Key Message 
When using anthropometric data never forget that the correlation coefficients will not be perfect.  Thus 
if more than one dimension is critical to your design a simple application of anthropometrics may 
underestimate the number of people excluded because they fall outside of the specified percentile on, 
at least one dimension.  The underestimate will increase as the correlation coefficient (r) falls and/or 
the number of critical dimensions increase.  Correlation coefficients are especially low between bone 
length and soft tissue measurements.  


