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Stellingen

behorende bij het proefschrift van B.]. Daams
"Human force exertion in user-product interaction’

De maximum spierkracht bestaat niet.

Het ontstaan van produkten die weinig kracht vragen is geen spontane ontwikkeling,
maar het gevolg van bewuste keuzen door ontwerpers.

Een omgeving waar zelden kracht hoeft te worden uitgeoefend heeft een negatieve
invloed op de gezondheid van de gebruikers. Dit geldt vooral voor gebruikers die
relatief zwak zijn en weinig conditie hebben.

Mensen die streven naar fysiek gemak in het dagelijks leven (bijvoorbeeld door met de
auto te gaan), maar aan de andere kant gaarne fysieke arbeid verrichten door te sporten
(bijvoorbeeld fietsen) leven niet erg efficiént, aangezien zij het nuttige niet met het
aangename weten te verenigen.

Een Krachtenatlas zoals voorgesteld in dit proefschrift zal een nuttig hulpmiddel zijn
voor ontwerpers, maar zal nooit antwoord op al hun vragen terzake kunnen geven.

Horatius’ “Vis consuli expers mole ruit sua’ geldt ook in de zin dar tabellen met
menselijke krachten, gebruikt zonder inzicht, niet zullen leiden tot een beter ontwerp.

Bij het meten van menselijke krachtuitoefening op produkten is het aan te bevelen de
proefpersonen wat houding betreft dezelfde mate van vrijheid te geven als in de te
verwachten gebruikssituatie.

De meetmethode en de definitie van maximale kracht hebben grote invloed op de
maximale volhoudtijden van relatieve sub-maximale krachten.

Houdingsverandering van proefpersonen tijdens het volhouden van een kracht is voor
ontwerpers van consumentenprodukten een bruikbare en praktische maat voor
discomfortgevoelens van toekomstige gebruikers.

Een ontwerper is beter af met gezond verstand dan met het ‘Ps-Pgs-syndroom’.

In de idee-fase van het ontwerpproces zijn algemene inzichten en vuistregels het nuttigst
voor de ontwerper. Bij de uitwerking van het produkt is er juist behoefte aan
gedetailleerde gegevens. Met deze tweedeling in de informatiebehoefte zou in
ergonomische handboeken meer rekening moeten worden gehouden.

In ergonomische en andere wetenschappelijke publicaties waar naar geslacht wordt
verwezen in tekst en tabellen, worden ten onrechte mannen altijd eerder genoemd dan

vrouwen.

Assistenten In Opleiding krijgen te weinig loon naar werken en te weinig opleiding naar

loon.
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Aan een pro-motor, die dus verondersteld wordt andermans wetenschappelijk werk te
doen voortbewegen, dienen hoge eisen te worden gesteld wat betreft kundigheid,
enthousiasme en tijdbesteding.

Het zwaartepunt van de aandacht voor ontwerpen voor recycling ligt tot nu toe ten

onrechte bij de kunststoffen.

Ontwerpen voor recycling is nooit een excuus om niet éérst aandache te schenken aan
afval-preventie en hergebruik van produkten of onderdelen.

Ontwerpen voor preventie en hergebruik is aan de andere kant nooit een excuus om de
recycleerbaatheid van het product te verwaarlozen.

De structuur van een organisatie doet over het algemeen minder terzake dan de mensen
in die organisatie, die de praktische werkbaarheid ervan bepalen.

Wellevende mensen roken niet in gezelschap. Weldenkende mensen roken niet.

Als roken niet sociaal geaccepteerd zou zijn, was het verboden door de opium- en ArBO-
wetten. Zolang er geen algeheel rookverbod geldt, wordt het bewezen gezondheidsrisico
voor de hele bevolking gebagatelliseerd tot een individueel en subjectief probleem tussen
de meest fanatieke rokers en enkele assertieve niet-rokers.

Een goede stelling is de beste verdediging.

Delft, 26 april 1994.
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“Les forces humaines nwont pas de limites, madame. ..
(Jarry, 1902)
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I.I

Introduction

Problem definition

Ergonomics is the science and the art of adapting a product, machine or environment
to its users. The product should be comfortable, safe and efficient to operate, handle or
use. It should meet these requirements in a number of ways, one of these being the
force required to use the product.

This project focuses on forces exerted on consumer products. Characteristic for con-
sumer products is that they are used voluntarily, by a variety of non-specialist users with
different backgrounds, different levels of education and of varying strength. Generally
speaking, they are used less than 8 hours a day, five days a week, all the year round. The
relative importance of consumer products for the user ranges from ‘essential’ to just for
fun’, Usually the person buying a product is also one of its users. If the consumer is not
satisfied with the product, it may be replaced or just remain unused, and it will certainly
not be bought again.

Users, even the physically weakest, should be able to operate, use or handle a product
that is designed for them. A designer should therefore take into account the physical
capabilities of weaker users, like the elderly, women, children and handicapped people,
if they are targeted as future users. This is especially important in view of the ‘grey wave’
of elderly people that is now flooding western Europe and will continue to do so for the
next decades. Their ability to handle everyday products in and around the house
determines how long they will remain able to live on their own. This ability depends
not just on the people themselves, but also on the proper design of the products in their
immediate surroundings. About half of the people in The Netherlands who move into a
home for the elderly do so because they become unable to do their own housekeeping
(De Klerk and Huijsman, 1993). Products designed for this special group would help
them to remain self-sufficient longer if they so choose, from which both they and the
community would benefit. Even if a product is not especially intended for the elderly, a
designer should realize that physical strength varies widely among individuals and that
products intended for the general public will be used by different people, varying from
those who are almost incapable of exerting any force at all, as is the case with the ill and
elderly, to those with more than three times the average strength, as with young, healthy
and well-trained men. Many individuals belong to relatively weak categories, and the
lack of information on the characteristics and abilities of these groups is conspicuous. At
the Department of Product and Systems Ergonomics of the Faculty of Industrial Design
Engineering of the Delft University of Technology, a number of projects are dedicated
to research into the characteristics and abilities of children (Steenbekkers, 1993), elderly
people (Molenbrock et al., 1987; Vorst et al., 1992; Freudenthal, to be published in this
series in 1996) and disabled people (Marinissen and Oldenkamp 1989, Kanis, 1993;
Schoorlemmer and Kanis, 1992).

CHAPTER | . INTRODUCTION 11



On the other hand, very strong users should not be able to inadvertently damage or
break a product. If this happens, the product may still be functioning, in which case the
damage will be no more than a minor annoyance. However, it may happen that the pro-
duct is broken and cannot be repaired. In the worst scenario, depending on the product
and the situation, a breakdown will cause serious injury. This, of course, is something a
designer must try to avoid. For some products, safety standards and regulations are
defined, for others the designer has to find out for herself what the acceptable limits are.

It can be argued that in these modern times products are becoming increasingly
mechanized, servo-assisted and equipped with electronics. Less and less force is required
for interaction with a product. So if we just wait a bit longer, we will require hardly any
force at all to use the products our modern world offers. Then why bother about the
forces people can exert? Because this reduction of force needed to operate or use
products does not come about spontaneously, but has to be brought on by the designers
of new products. It is therefore necessary to know about the capabilities of future users.
Furthermore, if a product is designed with a more sophisticated view to force exertion,
servo-assistance may not always be needed, which consequently makes it less compli-
cated, cheaper and possibly less damaging to the environment.

Although large mechanical resistance and the corresponding necessity of large force
exertion should be avoided in products, some force will always be required. For most
products, this is inevitable as some functions inherently require force. For some
products, resistance is indispensable for proper positioning,. Without resistance,
positioning would be awkward and overshooting would easily occur. All continuously
variable controls, e.g. those on electronic equipment, therefore require some built-in
resistance. For other products, resistance is indispensable to provide feedback, as for
example with rotating dimmer switches, where increased resistance indicates the point
where moving the knob any further will switch off the lighting completely.

Anyway, in itself it is a good thing that products require some force to operate them, as
it is very healthy to do some physical exercise in daily life. In a domestic environment in
which everything can be controlled at the flick of a finger, the inhabitants through lack
of exercise will run the risk of losing their physical condition due to atrophy of the
muscles and the cardiovascular and respiratory systems. One example of this is the use
of the increasingly popular power-assisted bicycle. For elderly people, the physical
ability to open a can with a normal canopener can decrease through the use of an
electric machine. This deterioration of health due to the use of products that require
little or no force mainly applies to people who do not take regular exercise. This may
eventually result in deterioration of health on a national or even international scale.

Examples. An interview with eight dutch elderly ladies who do their own housekeeping
gives some insight in the kind of products they are unable to operate (Daams, 1987).
Some of the ladies have problems turning water taps or radiator valves which are not
fitted with knurled knobs, medicine jars, toothpaste tubes, and hand-operated can
openers, because they require too much force. None of them can open jam jars or
bottles of lemonade by hand. They must ask someone stronger than they are to open
these products, or resort to a variety of tools and tricks (although the use of tools does

12 HUMAN FORCE EXERTION IN USER-PRODUCT INTERACTION



not always guarantee success). With some corkscrews, extracting the cork from a bottle
is very difficult, but the double-lever type of corkscrew will easily do the trick. Most of
these ladies had electric watches and alarm clocks, but those with mechanical clocks had
problems winding theirs. Winding a watch is mainly difficult due to the small size of
the crown.

Jam jars that are almost impossible to open will be a familiar phenomenon to most
people. It is the traditional example of a form of packaging that is difficult to open. It is
referred to as such in newspapers and popular magazines, e.g. De Volkskrant (Van
Kleef, 1987) and Margriet (B., 1993). A patient can even attempt to open a jar of peanut
butter, and in the struggle strain the muscles of an arm, as experienced by Dorrestein
(1993, pp. 128-129). Problems with opening jam jars also received attention in research
(Berns, 1981; Daams, 1987; Imrhan and Loo, 1988) and design (Schoorlemmer, 1989).

The nutcracker is a popular though problematic product. Many different mechanisms
have been tried, none of them perfect. Cracking a nut takes too much force, not only
for weak persons and certain types of nut will resist any force applied to them. With
several nutcracker systems, the result is often nut pulp mixed with pieces of shell
(Blankesteijn, 1993).Some nutcrackers, however, require so much force to operate that
even persons of average strength will not succeed in using them properly.

Door-closing devices are designed to keep doors shut against draughts or to comply
with fire regulations. Some perform so well that it becomes extremely difficult to open
the door. Kanis (1991) describes a door in a train passage that automatically closes with
such force that old ladies are hurt and a bunch of flowers is mercilessly crushed.

The author’s own experience and experiences of acquaintances include a large diversity
of problem products, among which the nutcracker, the train door and the jam jar
feature prominently. A few other examples are listed below.

In many cases, operating the push button to flush a lavatory requires not onlty a mini-
mum force, but also a minimum speed to succeed. This severely increases the degree of
difficulty of the operation. In one case, the only way a healthy young woman could get
the thing to work was by applying a karate kick.

To protect the blades of ice skates during transport, storage and ‘klunen’ (walking over
land to get around an obstacle and to the next stretch of ice), protective polymer sleeves
can be fitted over them. These are adjustable in steps, but sometimes in one position
will the protectors be too loose, while the next position will make them so tight that
they become very hard to put on. Especially with cold hands, as is often the case in the
situations concerned, the operation is difficult.

Opening the lid of some large copiers ought to be prohibited by law. The lid is very
heavy and must be opened by pulling a handle which is positioned so that the wrist is
supinated maximally and the hand is in near-maximal dorsal flexion. Pain in the wrist is
the price to pay for a few good copies.

Handbrakes in cars are another interesting product of which the use is complicated by a
lack of feedback. It is hard to tell whether the brake is pulled sufficiencly. Weaker
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subjects are stuck with the fear that their efforts were not sufficient and they will find
their vehicle several metres from where they parked it (and hopefully, undamaged). A
stronger, but not exceptionally strong subject is known to have broken off a brake
handle with a seemingly gentle pull.

Disabled people who require the temporary aid of crutches can, after some exercise,
move around quite swiftly and can sometimes even continue business as usual. Only
then do they find out how great a force is applied by most door-closing devices. It is
hard to open automatically closing doors while standing on one leg, and it requires
some dexterity to keep them open long enough to pass through. Doors with less
powerful closing devices are much easier to cope with, and apparently perform equally
well in all other respects.

Latchkeys can be a problem too. A grandmother had to make herself a tool for turning
the key to her front door — something she was unable to do otherwise by hand.

Lighting a gas fire or a geyser can be quite tricky. To get the pilot flame going, a button
must be pushed or turned and held for as long as five minutes or even more. This is
certainly not an easy task with a spring-loaded button which requires much force.

Child-resistant closures are another category of products in which the required force is
an important factor determining the rate of success. On the one hand, children up to a
certain age should not be able to open the closure, while on the other hand elderly
people must be able to open it without problems. A complicating factor is that the
maximal grip force of most four-year olds exceeds that of many elderly persons. As the
closures should be easy to open by the latter, the resistance to opening by children is
often further improved by using a combination of two forces (like pushing and turning
at the same time) to open the closure. Nevertheless, this still requires too much force of
the weakest elderly, who must wrestle regularly to obtain their daily medicines or to
open bottles of household detergents.

The examples of man struggling with various types of packaging, apart from the
notorious jam jar, are many, notably with coffee-creamer cups (Kanis, 1989a), milk
cartons (Van Putten, 1990), complimentary sachets of bath foam in hotels (Den Uyl,
1979) and slices of luncheon meat hermetically sealed in plastic. In those cases the
packaging material is so smooth that the friction between packaging and hand is very
small, and in addition the shape is often such that it is hard to get a good grip on it.
Consequently, although a subject may be able to exert sufficient force, he or she is
unable to transfer it to the packaging.

Some products are not as easy to handle or operate as they could be. A good design may
require investments, and when the benefits are not directly visible, such improvements
find little support. The cost aspect is especially important in packaging, and may
explain why a relatively large number of complaints originate from that area.

For some products, the cause of the problems can be bad maintenance (like those with
the latch key), or bad adjustment (like the toilet push button). This does not make the
problem less serious for the user. Designers should allow for bad maintenance and bad
adjustment in the design of their products.

14 HUMAN FORCE EXERTION IN USER-PRODUCT INTERACTION



1.2

Atlas of Human Force Exertion. So it is of vital importance for designers to take the
physical capacity of the users into account when designing a product. Therefore they
have to be able to find information on the physical strength of various groups of people,
relevant to product design. As far as we know, such sources of information in literature
are few and far between. In general, present ergonomic literature on force exertion is
insufficiently suited to use by designers. Therefore a book or database, containing as
much data on human strength as possible and in such a form that designers can apply
the information contained therein, would be a very valuable tool for product design.
This database will be called an ‘Atlas of Human Force Exertion’.

Brief The original brief of this project was to make such an atlas of human force
exertion. After initial orientation, it was concluded that the actual compiling of the atlas
was impossible without first finding answers to other questions. Although a book with
assorted tables can easily be produced, that was not what we had in mind. In the first
place, how should research on force exertion be conducted in order for the results to be
of use for designers? Which (type of) information is useful? How should the results be
presented, i.e. what would be the style of the atlas? And to what extent can such an atlas
succeed anyway? Perhaps the aim of such an atlas is unachievable, and thus the result of
any attempt to make one would be doomed to fail its purpose. These are closely related
and important questions.

Some authors have published work on what they also call an atlas of strength (Ayoub et
al., 1981; Ayoub et al., 1982; Hafez et al., 1982) or an atlas of force (Hennion et al., 1989).
Their atlases were not explicitly set up for designers and consumer products. Ayoub’s
atlas is directed to dynamic military tasks, for example manual lifting. None of the
authors discussed the feasibility of the atlas, and they did not indicate the scope or limits
of their ambitions, either. It seems that until now those questions have not been asked.

Thus, the questions that should precede the developme.nt of an atlas of human force
exertion for designers form the brief of this project.

Force exertion and consumer product design

Characteristics. To clarify the discussion on force exertion on consumer products, some
characteristics of their relation are given.

The two main differences between consumer products and professional products are
that consumer products are used voluntarily and by a broad group of users, with much
variation in characteristics and background. Users of professional products are aged
between 18 and 65, are generally healthy and for some occupations predominantly male.
Consumers include children, the elderly, the physically disabled, and the world’s largest
minority group, women. They range from the mentally handicapped to the highly
gifted. In regarding the force required to operate a product, the capacities of all groups
must be taken into account. Anyone ought to be perfectly able to operate the product,
or even better: enjoy operating it.

CHAPTER 1 . INTRODUCTION 15



To the user, the relative importance of consumer products ranges, as said before, from
‘essential’ to just for fun’. Many products range somewhere in between those two
extremes. For essential products, the most important thing is that the product can be
operated, whereas for fun products enjoying their use is the main requirement. If the
consumers do not like it, they will not buy the same product again. Usually a consumer
who buys a product is one of the users, whereas in the professional world the decision to
purchase, the actual purchase, payment and use are often handled by different indivi-
duals. It could well be that satisfaction of the user contributes more to the sales figure
for consumer products than for professional ones, for which e.g. efficiency and safety
may be more important to the decision makers. Therefore the subjective experience of
the consumer is an important factor in the assessment of what is an acceptable force for
operating a product. The information on the maximally exerted force is in this view less
important than information on the experience of the user during exertion of sub-
maximal forces. The time of exertion must also be taken into account. Forces on con-
sumer products can be exerted for any period of time, but they are usually not operated
with the intensity and frequency of a full working day (8 hours a day, 5 days a week, all
year round). Therefore the necessity to prevent injury through excessive exertion during
work is not the first priority in the research into force exertion on consumer product

design.

Force can be exerted both statically and dynamically. It is estimated that, with products
in general, dynamic force exertion occurs probably more often than static force exertion.
Mostly, force is exerted to create a certain effect, like opening, turning on, fastening,
propelling or adjusting. By moving a handle, a knob, or even the whole product, the
desired effect may be obtained. Some forces are initially static, like those exerted on the
lids of jam jars, but in the end the idea is that the lid should move.

Design process. In a nutshell, the process of incorporating force exertion in design is the
following (a more extensive version can be found in chapter seven).

First the function of the product, the target user group, the situation and the behaviour
of the users should be established or estimated. For design purposes, the weakest users
are often more relevant than che strongest, and beginners more than experienced users.

Then the implications for the design should be considered. Some elementary knowledge
of physics and human force exertion, and some logical thinking are indispensable. This
may result in a schematic idea for the product with the most comfortable, efficient or
maximal force exertion. Then it can be inferred which information on force exertion is
needed, and this information must then be gathered from somewhere. A private investi-
gation into force exertion with the right subjects and the desired postures is advised, but
if there is not enough time, literature can sometimes give an indication of the range of
forces involved. Now, knowing the limits within which the product should function,
the programme of requirements can be extended with operational requirements concer-
ning force exertion. Then the product can be designed and, if possible, the first proto-
types tested and evaluated, and the product improved accordingly.

If the required information on force exertion cannot be found, the probable forces
involved cannot be predicted, but only very roughly estimated, and the design can
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