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Abstract. Obesity is a growing issue in western societies with consequences
for the field of human centered design. Most anthropometric data sources
assume the data follow the Gaussian distribution, with population data sym-
metrically distributed above and below the mean value. This assumption is often
true in length measurements like body heights, but may not be true for mea-
surements more sensitive to body mass, like body weight, hip width, elbow-to-
elbow width, and body depth. While length measurements have remained rel-
atively stable over time in western societies, mass related measurements are
increasing.

The authors have experience in providing data via an interactive website
DINED, which seeks to make anthropometry accessible without requiring expert
knowledge about anatomy and statistics. Currently all DINED dimensions are
assumed Gaussian, including those related to body mass. This might not work
when designing for plus size people. Future additions in DINED will be about
design for obesity and about how to implement 3D scanning into the design
process in order to redress these defects.

Keywords: Anthropometrics © Ergonomics education * Product design
Plus-size

1 Introduction

Obesity is a growing issue in western societies. According to the World Health
Organization obesity has tripled from 1975-2016 worldwide. At the moment about 2
billion people have a body mass index (BMI) of more than 25 (overweight) and 650
million are even over 30 (obese) [1]. For the first time in history obesity has out-
numbered underweight [2]. At lot of health issues are connected with a high BMI and
there is a tendency to focus mainly on this aspect of plus sized people. Although
prevention programs on healthy living, with enough exercise and healthy foods, are put
into effort to tame the obesity-epidemic, fact is that there actually are vast amounts of
people overweight. And overweight people tend to be larger people, not in height, but
in width. From a product designer’s point of view this presents new challenges.
Especially when following the inclusive design ideology ‘not to exclude people by
design’, which means in this case; taking care that the largest people are able to use
products comfortably. But how large are the largest? Anthropometrics are needed so
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products and services can be designed that fit, or physically accommodate, users [3].
Designers need to be aware that not only the one-dimensional aspect of body cir-
cumference is affected. Increasing body mass also affects movement of the body like
forward bending, field of view downwards, and hence leads to usability problems with
many products, like toilets [4], surgical tables, chairs, wheelchairs, and public transport.
However, data from overweight or obese people are rare in public databases. The group
in itself is not easy to investigate. Being overweight makes travelling to a research site
a challenge. In addition, experience teaches that when the purpose of measuring is not
made absolutely clear or doesn’t relate to an actual design problem, subjects are prone
to feel embarrassed by the act of measuring. Some [5] have therefore chosen the
method of self-reporting to tackle this problem, although this method clearly has its
drawbacks in terms of reliability.

In this paper, we will explore the current methods available when designing for plus
sized people.

2 DINED as a Tool for Designers and Researchers

2.1 Ergonomics and Anthropometry in Education

User-centered design has been taught at the faculty of Industrial Design Engineering
(IDE) since its start in 1969. Ergonomics is one of the 4 pillars of IDE from the start,
next to Aesthetics, Marketing and Engineering. Currently the scope is towards con-
sumer products, services and social designs. Courses at IDE are aimed at giving insight
in the optimization of the human-product interaction from the viewpoint of the con-
sumer (ergonomics) and from the viewpoint of the producer (marketing).

One of the main topics is observational research. Students are taught to study the
behavior of people (consumers) using products and services in order to find potential
user problems, which can lead to clues for product innovation. One of the outcomes for
example could be that the product and user do not fit ‘physically’. Here anthropo-
metrics come onto stage.

The best way to teach about anthropometry is to let students experience the impact
of anthropometrics themselves. A design-assignment e.g. could be: ‘Design a minimum
shower cabin that fits all students but makes it possible to use the shower in a com-
fortable way’. In this way students have to think about relevant body dimensions,
experience for themselves through repeated measurements what it takes to measure
accurately and finally experience for themselves that nobody is average: not one body
will score the ‘P50’ average on all body dimensions.

2.2 History of DINED.nl

To support the anthropometry and ergonomics education, and to explain related
statistics and anatomy, a tool called DINED was gradually developed (www.dined.nl).
Now DINED has become an anthropometric information system including data from
several populations around the world and tools to make design decisions more easily.


http://www.dined.nl
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It all started around 1980 as a table on 1 A4 cardboard showing the P5-P50-P95
percentiles of body dimensions frequently used in product design (see Fig. 1).

Fig. 1. DINED-table 1980
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It consisted of an estimation of Dutch adults based on German DIN33402; the
German dataset was adjusted according to predictions for the Dutch population based
on the Dutch Growth Diagrams 1980, which resulted in 3,5% higher values for the
Dutch male and 2% for the Dutch female, respectively. These data were later coupled
with data collected from the Dutch population (amongst others students and elderly
people). New possibilities of computer graphics led to an interactive DINED website
with more visual tools for designers, thus making anthropometry accessible without
requiring expert knowledge about anatomy and statistics [6].

In Table 1 an overview is given on the current collection of searchable anthropo-
metric data made available via DINED. Preparations are currently going on to develop
DINED-3D. These data will become available as statistical shape models.

Table 1. DINED-datasets in 2018

1D and 2D data Size dataset | Variables | Age
Dutch students 1986 n = 354 v =150

Dutch students 2014 n =400 v =40

Dutch elderly GDVV 1983 | n = 822 v =30

Dutch elderly GERON 1998 | n = 600 Age 50+
Dutch adults GERON 1998 |n = 150 Age 20-30
Dutch children KIMA 1993 |n = 2400 Age 0-12
Chilean children 2012 n = 3046 Age 6-18
Chilean adults 2016 n = 2946 Age 18-99

3 Current Usage of DINED

According to Google Analytics each year about 50k users use the DINED.nl website to
find anthropometric data. Since a few years past, users need to set up a (free) user
account, which enables one to see the professional status and background of DINED
users. From being originally aimed at TU Delft students, the tool is now used by
educational institutions all of the world, many companies involved in product devel-
opment and even medical institutions. It would be interesting to analyze to what
purpose the various offered tools are used, to improve the tool in general and to extend
the platform, though this is yet a plan for the future. Current tools available at DINED
are:

e Percentiles: Calculating percentiles assuming normal distribution (Fig. 2)

e Reach Envelopes: Developed especially to show large differences related to age
(Fig. 3)

Profiler: to show nobody is average (Fig. 4)

Ellipse: to show correlation between 2 variables (Fig. 5)

Other sources: a library of digital sources in anthropometry

Raw data: excel tables with measured data.
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Fig. 2. Calculating percentiles assuming normal distribution using DINED percentiles

3.1 Percentiles

In this tool, several populations and body dimensions can be chosen. Thereafter the
designer can choose how much percentage will be excluded from the design. The data
is based on real measurements or on estimated data [3, 6-8].

3.2 Reach Envelope

This is an interactive tool that shows the designer immediately which region it is
comfortable (green) or out-of-reach (red). The data is based on real measurements of
750 elderly that draw lines of comfort on a large white board [9].

3.3 Profiler

This is an interactive tool that allows you to enter a number of measurements of one’s
own and to compare them with one of the populations inside DINED. The outcome is a
profile of percentiles of each body dimensions and will show in most cases that your
dimensions are not average! A useful eye-opener for designers that follow the ego-
design approach.
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Fig. 3. DINED reach envelopes, developed especially to show large differences related to age
(Color figure online)

3.4 Ellipse

This is an interactive tool that allows the designer to show the correlation between the
raw data of 2 variables. If no raw data are available an ellipse can also be drawn if mean
and SD values of both dimensions and the correlation coefficient, R, between them are
known. The resulting ellipse, including scatterplot of the data, gives insight in the bi-
variate distribution and it allows the drawing of ‘rectangles’ representing a size of a
product like, for instance, the different sizes in a sizing system.
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Fig. 4. DINED profiler shows nobody is average...
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Fig. 5. DINED Ellipse showing correlation between two variables (stature and reach depth).
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4 Future Additions to DINED

Several future additions to the DINED website are currently planned:

e Publishing and visualization of own anthropometric datasets
e Knowledge base for using 3D-scans in design
e Experience data of 4D anthropometry, involving the ‘moving’ human body.

4.1 Publish Your Own Data

Adding to the existing databases would be the possibility to use DINED as a platform
to publish your own data. After verification of the quality of the real measured data, the
population (sample) you measured data will be displayed with means, sd and per-
centiles if the data is (normal) Gaussian distributed.

4.2 Knowledge Base 3D-Anthropometry

This addition will include our knowledge, tools and experience about how to use 3D
scans for designers [10]. One tool is able to integrate a scatterplot form Ellipse with 3D-
scans from a person that will pop-up after a mouse-click on a dot in the scatterplot.
Caesar data are available for TU Delft Campus use only. The first dataset that will
become available are the 3D-scans from the project ‘Ventilation mask’ [11, 12].

4.3 Experience 4D-Anthropometry

In our Bodylab we are able to capture 4D data from humans in motion. After some
experiments we learned we have to develop extra digital space and software to be able
to manipulate these 4D data. Illustrative: a single experiment involving capturing
motions of the shoulder joint took up nearly 0,5 terabyte in raw data. Sharing these and
other experiences might help other researchers and developers.

S Design for Plus-Size People

One group of people that has been growing in number over the last decades and has not
been taken into consideration by all of the before mentioned anthropometric design
tools, offered to designers to ‘make products that fit all human beings’; people that have
an above average weight. The absolute maxima to date are a man by the name John
Brower Minoch (1941-1983) and a woman called Carol Yager (1960-1993) that
weight at least 635 kg and 720 kg respectively [13]. Though design goals will not
accommodate for the extreme, there is still lack of data on much larger group of people
that are overweight (Fig. 6).
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Fig. 6. John Brower Minoch in 1983, height 180 cm, weight 635 kg [22]

5.1 Own Data

A first start to fill the knowledge gap about anthropometric dimensions of ‘Plus-size’
people was made in measuring 21 ‘seriously overweight’ people in 2003 and later in
2010 another 3 people in 2010. The results are shown in Table 2.

5.2 Other Methods to Estimate Sizes of Plus Size People

From the Gaussian distribution we know each percentile can be estimated or calculated
by z * SD when z is a fixed number for each percentile P. P5 = mean — 1.65 * SD and
P1 = 2.33 * SD. The current DINED table values are all more or less based on the
Gaussian symmetric distribution. Real measurements of a group of people will mostly
be close to the Normal or Gaussian distribution because there are as many small people
as there are tall people. So they average and we see an symmetric Gaussian distribution.
But when considering body weight or other body dimension that include body fat, this
symmetry will disappear and the distribution will be skewed to the right because we
have more and more plus size people in western societies and less lean people. To get a
representative model either the dataset has to be extended with data from plus-size
people (see Table 2). A valid estimation of the actual size distribution needs a larger
sample of a few hundred test persons though. Finding these test persons proves to be
difficult; obese people usually are limited in movement and endurance and/or don’t like
to be subjected to measurement.
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5.3 Self-reporting

This was described by [5]. Chosen method to collect data was by self-reporting and
additionally 101 people were asked to be measured by a partner and fill in a standard
form. This method was verified with a small sample (n = 10) that was actually mea-
sured by tape and scale.

5.4 Estimating SDX

Because it is not easy to get obese people to your laboratory to be measured, it makes
sense to make some estimations. First it would be good to know what is the range of
the body weight of a living human being. The maximum can be found in the Guiness
Book of Record (625 kg) and the weight of one of the smallest human with a stature of
58 cm should be around 5 kg [8]. This means the body weight has a very skewed
distribution to design for.

A very rough estimation can be done as follows; a normal distribution is taken but
the right part is enlarged by increasing the SD a factor 2 times SD (to reach a
P99 = 145 kg) is taken or 3 times SD (to reach P99 = 175 kg) and with 4 times SD we
get P99 about 200 kg when the mean value = 83 kg and SD = 13 kg (DINED 20-60).

5.5 Multivariate Techniques with Sample of Intended Users

As mentioned earlier, many anthropometric data sources assume that all the mea-
surement data have a Gaussian (Normal) distribution and are symmetrically distributed.
If this is so, then the 5th and 95th percentile values of each measurement would be
equidistant from the mean value. It has been shown [14], at least for the data presented
in ISO 7250-2 [15], that these percentile values are not equidistant from the mean
value.

Similarly, many of these data sources, such as ISO 7250-2, present their data
exclusively in the form of tables of percentile values. Combining these percentile
values in a design is problematic. For example, one might want to design a chair seat
with dimensions of depth, width and height above the floor that accommodates 90% of
the intended users. If the 90th percentile values of each of these dimensions are
combined, the result is unlikely to accommodate exactly 90% of the intended users.
While techniques to combine two or more percentile values exist that can be used
in situations when only percentile values are available [16, 17] to the designer, there are
other multivariate techniques available if a representative sample of data of the
intended users is available.

Recently a user-friendly multivariate tool has been developed for use in the
ANSI/HFES 100 standard [18-20]. The tool does not require assumption of normally
distributed data, it simply counts the number of individuals in the sample whose
measurements are concurrently within the specified ranges for all variables of interest.
It is presented as an Excel spreadsheet, a widely used and familiar format.

To use the tool, a designer enters a measurement value or range of values for each
of the variables of interest. The tool then determines the overall proportion of indi-
viduals in the sample who are within the specified range of measurements for all the
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specified variables. An individual is counted as accommodated only if his or her
measurements are within the specified range for each and every variable of interest. For
example, if there were three variables of interest, an individual is counted as accom-
modated only if his or her measurements are concurrently within the specified range for
all of the three variables of interest.

Clearly it is necessary to make the sample as representative as possible of the
intended user population. In the case of the ANSI/HFES 100 tool, that was accom-
plished by statistically weighting the CAESAR anthropometric dataset for US civilians
[21] to match the current height and mass of US civilians [19].

A similar strategy is proposed to integrate plus-sized individuals into an anthro-
pometric sample representative of individuals in the Netherlands and to incorporate that
data into the DINED tool.
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