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Project objectives 

 
1. Develop initial up-to-date anthropometric data 

that facilitates enhanced diversity in design 
 

2. Attract funding to develop a more 
comprehensive, anthropometric data-set 
 

3. Increase public awareness of the CIEHF and 
how our work benefits society 

- Enhance demand for HF and uptake of HF work 
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Background 1/2: October 2019 

▌Anthropometric standards needed an update and 
lacked evidence of diversity 

DEFSTAN 00-251 Technical Guide (1.1) for 
Anthropometry: People size 

- Due a 5 year update 
- Based on data from 2013 and earlier 

– ‘draws heavily on … DEFSTAN 00-250 Part 3, Section 9’ 

- 311 women and 2,159 men 
- Ethnicity limited to Ghurka data 

 ISO/TR7250-2: Statistical summaries of body measurements from individual ISO 
populations, 2010, excludes UK data 
Adult Data, Dti, University of Nottingham, approximately 20 years’ old 
Later, Peoplesize 2020 includes 2018 data from a UK Government health survey 
(ethnicity or sex sample sizes not reported) 
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Background 2/2 

▌ Public interest in diversity and design 

Caroline Criado Perez 2019 book “The 
Invisible Woman – exposing data bias in 
a world designed for men”  
CIEHF quote in her newsletter 15th 
February 2021  

- Resulted in 80% spike in responses 
 

“Me Too” movement 
Ill-fitting PPE – became more          
topical during COVID-19 pandemic  

▌ Human factors professionals can 
help! 

 



6 

Approach – Data collection 

▌ Selected 10 measures 

1. Stature (height) (clearance, bed 
length) 

2. Overhead reach (handrails) 
3. Knee (popliteal) height (chair design) 
4. Forward reach (workstation controls) 
5. Chest/bust (PPE e.g. stab vests) 
6. Seated eye-height (workstation 

displays) 
7. Seated shoulder breadth (seat 

dimensions) 
8. Seated hip breadth (seat dimensions) 
9. Index fingertip width (touch-screens) 
10. Thumb-tip width (phones) 

 
 

▌ Measurement walk-in centres at 
CIEHF events, members’ offices, 
shopping centres etc. 

Postponed because of COVID-19 
social-distancing restrictions 

▌ Online data collection launched 
29th April 2020 
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Approach – Online data collection (ongoing) 
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Reliability testing for remote data collection 

▌ 5 males and 5 females 
each completed 2 sets of 
10 measurements at 
same time over 5 days 
using DFE guide 

Self-measurements 
Assisted measurements 

▌ Results 

Intra-Class Correlation 
Coefficients (ICC) 
analysed (each measure 
was repeated 5 times) 
Most measures had high 
reliability (next slide) 
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Test-re-test reliability results 

▌ ICC values between 0.75 and 0.90 indicate 
good reliability 

▌ Most measures had high reliability except: 

Male knee height (self & assisted) 
Female knee height (assisted) 
Female seated hip breadth (self) 
Female index fingertip width (self & assisted) 

- Female index fingertip width was too similar 
between subjects using a tape-measure 

- Would need to measure in mm, using a more 
accurate tool (e.g. calliper) to discern differences 
amongst females in this measure 

- Pooling male & female index fingertip data 
showed high reliability (0.92) 

 

 

 

 

* Based on 4 males & 4 females (1 male & 1 female excluded) 




https://bit.ly/DesignForEverybody 


                              
 
 
Test Group Data Collection 
 
 
President’s Project 
 
CIEHF’s President’s Project for 2020-21 ‘Design for Everybody’ illustrates some of the ways that 
Human Factors relates to everyday life focussing, in particular, on how the design of everyday objects 
and public facilities must suit a varied population of users. Data on human body size (‘anthropometric’ 
data) has long been available but the databases are either outdated (e.g. the data were collected prior to 
the secular increase in overweight and obesity), commercially sensitive or restricted to specific 
populations (such as the military) that are not representative of the general population.  
 
The President’s Project aims to capture new data from volunteers who will either measure themselves or 
a family member/colleague or friend to capture the body measurements of interest listed in table 1. 
Before doing so, it is necessary to understand whether the different body dimensions can be measured 
reliably.  


 
 
 
 
 
 
 
 
 


A test group of five male and five female volunteers measured themselves and/or another on ten body 
dimensions (Table 1) on five consecutive days at the same time of day. The data were analysed to 
generate ‘Intra-Class Correlation Coefficients (ICCs)’.  
 
 


 
 
 


Instructions 
Download the guide to the measurements from https://bit.ly/DesignForEverybody 


Take each of the 10 measurements in one session at the same time of day for 5 
consecutive days. Measure yourself (Person 1, self-measures) and someone else 
in your household (Person 2, assisted measures). They should also measure 
themselves (Person 2, self-measures) and you (Person 1, assisted measures). 
Record the results in the tables below, together with gender and BMI. 







https://bit.ly/DesignForEverybody 


Intra-Class Correlation Coefficients 
The intra-class correlation coefficient is a descriptive statistic that can be used when quantitative 
measurements are repeated on units that are organized into groups. It describes how strongly 
measurements in the same group resemble each other. In the present example, body measurements 
from five volunteers were repeated five times – each volunteer is equivalent to one ‘group’ and there 
are five measurements of each dimension on all the volunteers. Thus, the ICC describes how similar 
the measurements of each dimension are to each other when repeated on the same person.  
 


 
Reliability 
 
For the present work, the test-retest reliability of the measurements is of most interest – the extent to 
which the measurement is the same when repeated in identical conditions by the same person 
(Bridger 2018). Reliability is a pre-requisite for validity. A measurement is valid if it measures what it is 
supposed to measure. If the dimension being measured does not change, then the measurement 
obtained on separate days should not change either. If it does, the method of measurement is not 
reliable – therefore the measure is not valid.  
 
ICC values less than 0.5 are indicative of poor reliability, values between 0.5 and 0.75 indicate 
moderate reliability, values between 0.75 and 0.90 indicate good reliability, and values greater than 
0.90 indicate excellent reliability.  
 
Although reliability is a pre-requisite for validity – a measure cannot be valid if it is not reliable – a 
reliable measurement is not necessarily valid or accurate (the measure may give the wrong answer 
reliably or be reliably inaccurate).  
 
For present purposes, the measurements were made with a tape measure, so centimetre accuracy is 
about the most that can be expected.  
 


Results 
 
The data were analysed using an online ICC calculator (http://www.raterreliability.com). The online 
calculator was first validated using data from Bridger et al. (2018). Two ICC values from data published 
in the appendix to the paper were replicated using the online calculator.  
 
The data from the test group were therefore analysed, yielding the ICCs in Table 1.  Volunteers only 
recorded one measure of body mass index each, therefore the ICC cannot be calculated.  
 
 
 
 
 
 
 
 
 







https://bit.ly/DesignForEverybody 


 
Table 1. Intra-Class Correlation Coefficients from 5 Males and 5 Females (each measure repeated 5 
times)  
 


# Measure Self-measures (in 
cm) 


Assisted 
measures (in cm) 


 Males 
1 Height 0.98 0.98 
2 Overhead reach 0.98* 0.93* 
3 Knee height 0.35 0.52 
4 Forward reach 0.72 0.96 
5 Chest/bust 0.99 0.99 
6 Seated eye height 0.96* 0.94* 
7 Seated shoulder breadth 0.91 0.93 
8 Seated hip breadth 0.95 0.69 
9 Index fingertip width 0.93* 0.85* 
10 Thumb tip width 0.99* 0.97* 
11.  Body mass index   
 Females 
1 Height 0.97 0.98 
2 Overhead reach 0.80* 0.81* 
3 Knee height 0.88 0.28 
4 Forward reach 0.96 0.98 
5 Chest/bust 0.99 0.99 
6 Seated eye height 0.98* 0.99* 
7 Seated shoulder breadth 0.82 0.87 
8 Seated hip breadth 0.09 0.81 
9 Index fingertip width -0.38* 0.15* 
10 Thumb tip width 0.79* 0.99* 
11.  Body mass index   


 
• (*) Word File No. 2 - incorrect data. Female and Male, data excluded.   


   
  


Discussion 
 
Most of the measures have high reliability with the exception of male knee height (both self-measured 
and assisted), female knee height (assisted measures), female seated hip breadth (self-measured) and 
index finger width. ICCs marked with an asterisk are based on four volunteers only (one pair of 
volunteers made these measurements incorrectly and their data was discarded).  
 







https://bit.ly/DesignForEverybody 


In general, the data in table 1 indicate that tape measures are reliable enough to measure most of the 
anthropometric dimensions. This is because centimetre accuracy is sufficient to reliably detect 
differences in body size between the volunteers, as might be expected.   The ICC is based on the concept 
of variance partitioning as used in the analysis of variance (ANOVA). The data from the test group were 
partitioned into several components of variance – a component due to differences between the 
volunteers, a component due to differences between the repeated measures and a residual. Essentially, 
the ICC is the ratio between the component due to differences between volunteers and the total 
variance. When there is little variance within volunteers (because the measurements are very reliable) 
the ICC will approach 1 (because most of the variance in the data is due to differences between the 
volunteers).  
 
The ICCs for Index fingertip width were very low for females (and negative for self-measures). Recall 
that ICCs work by partitioning the observed variance into different sources and comparing these 
sources. it is a well-known property of ICCs that they can become spuriously low or even negative in 
the presence of low between-subjects variance (i.e. when index fingertip width does not vary very 
much between the volunteers in this case). To put it another way, even a reliable method of 
measurement may yield low ICCs if the variance between volunteers is lower than that due to the 
reliability of the measurement method.  
 
There are several ways of approaching this problem. One way is to increase the variability between the 
volunteers in the group by pooling the data for males and females. The pooled ICC for index fingertip 
reach (males and females, excluding subjects in WORD file 2) was 0.92. Another option would be to use 
a more accurate method of measuring index fingertip width (such as a caliper) such that real differences 
between the volunteers can be detected with more accuracy. Basically, the tape measure was barely 
sensitive enough to detect differences in female index fingertip width.  


 
Recommendation 
The measurement methods used in the study are suitable for use in the President’s Project). Care should 
be taken to recruit a varied sample of volunteers.  
 


References 
 
Bridger, RS. 2018. Introduction to Human Factors and Ergonomics, CRC Press, Boca Raton, Fl, pp 719.  
Bridger, R.S., Ashford, A.I., Wattie, S., Dobson, K., Fisher, I. and Pisula, P.J., 2018. Sustained attention 
when squatting with and without an exoskeleton for the lower limbs. International Journal of Industrial 
Ergonomics, 66, pp.230-239. 
 
 







Online Survey Results 

29TH APRIL 2020 TO 26TH MARCH 2021 
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Total survey responses: Nationality 

▌ Total number of people who 
submitted measurements: 304 

▌ Originality intended as UK survey 

▌ Nationality (largest 5) 

British 59% 
Canadian 6% 
American 4% 
Mexican 3% 
Irish 3% 

 

UK

Europe (excluding
UK)

Africa

Asia

Australasia

North America

South America

 

 
Responses by continent 
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Total survey responses: Sex and Age 

▌ Total number of people who 
submitted measurements: 304 

▌ Sex* 

Female 210 (71%) 
Male 81 (28%) 
Self-describe 3 (1%) 
*excluding 10 children (5 male; 5 female) 

▌ Average age (years)* 

Female 38.5 
Male 38 
Self-describe 26 
*excluding 10 children (age 5-17) 

 
 

 

Male

Female

Self-describe

Responses by sex 
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Total survey responses: Ethnicity 

▌ Ethnicity number of responses 

White British: 57% 
White other: 20% 
White Irish: 5% 
Other Asian: 4% 
Mixed ethnic background: 4% 
Chinese 2% 
White and Asian 2% 
Indian 1% 
Arab 1% 
Asian British: 1% 
Other ethnic group 1% 
Bangladeshi, Black African, Pakistani, 
Vietnamese, White & black African, 
White & black Caribbean: each <1% 

 

Responses by ethnicity 
White British

White other

White Irish

Other Asian
background
Other Mixed/Multiple
ethnic background
Chinese

White and Asian

Indian

Arab

Other ethnic group

Asian British

 



14 

Percentiles (cm): Adult female (all nations) 

▌ Total sample size: 210 (71%) 

▌ Age (years)  

Average 38.5 
Range 18 to 76 
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Percentiles (cm): Adult male (all nations) 

▌ Total sample size: 81 (28%) 

▌ Age (years)  

Average 38 
Range 20 to 77 
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Percentiles (cm): UK adult female  

▌ Total sample size 128 (74%) 

▌ Age (years) 

Average 42.9 
Range 18 to 73 

▌ Ethnicity 90% White British 

 

Responses by ethnicity 
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Percentiles (cm): UK adult male 

▌ Total sample size 44 (26%) 

▌ Age (years) 

Average 46.8 
Range 20 to 77 

▌ Ethnicity 91% White British 

Responses by ethnicity 
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Future aims 

▌ Continue online data collection data 
collection (survey remains open) 

▌ Face-to-face data collection - measuring 
at CIEHF events, in workplaces, etc. 

When social-distancing restrictions allow 
Pack for volunteers 

▌ Public promotion to raise awareness of HF  

▌ Seek sponsorship for more detailed set of 
measures and potentially more 
sophisticated application for data 
collection 
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