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Binnen de bewegingsanalyse is het juister te spreken over de anatomische
mogelijkheden dan over de anatomische beperkingen.

Een kinematische analyse van de bediening van controls levert inzicht in de
manier waarop en de situatie waarin deze controls gebruikt dienen te
worden.

Het routinematig motorisch bedienen van produkren is evenzeer
individueel kenmerkend als een vingerafdruk.

De menselijke beweging voor het gebruik van een produkt zal nooit
volledig voorspelbaar zijn door slechts de produkteigenschappen te kennen.

Voor volledig begrip van produktgebruik is meer dan natuur-
wetenschappelijk onderzoek nodig.

Met een goede anatomische basiskennis zal een deel van de fysieke
ergonomie logisch worden.

Oriénterende observatie van bedieningsbewegingen vergen een toets op
inter-beoordelaars overeenstemming en daartoe, voorafgaand, explicitering
van een referentickader.

De dikke landingsmat, die in de turnsport veelvuldig wordt gebruike, dient
op grond van biomechanische overwegingen te worden voorzien van een
hardere toplaag.

De gymnastiek- c.q. turnsport wordt vaak te eenzijdig geassocieerd met
vrouwen.

Migranten in Nederland houden politici voortdurend aan het werk. Helaas
is van het omgekeerde geen sprake.

Technische Universiteit Delft, 16 juni 1995.
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I.I

Introduction

Field of the study

This investigation took place at the intersection of three different areas of research: human
movement science, ergonomics, and product design. To achieve a better insight into this
field of research, we will first define the areas and place them in perspective relative to one
another.

Human movement science is the study of the various aspects of human motion. Until
recently, research on human movement took place within the confines of the medical and
social sciences. Nowadays, this field is accepted as a self-reliant science with independent
faculties (e.g. Faculty of Human Movement Sciences of the Free University of Amsterdam)
and scientific journals (e.g. Human Movement Science and Journal of Motor Behavior).
However the science must be considered as an interdisciplinary field. Human movement can
be studied in all sorts of ways. Possible lines of approach are anatomy, physiology, sociology,
agogics, psychology, and philosophy. Not all of these areas are important in our study. The
field of kinesiology in particular forms an important part of our project. This discipline
describes and explains motion of the entire human body and the limbs. In addition,
psychology, especially the control of human movement, plays an important role in our
research.

Kinesiology can be defined as a scientific approach which focusses on the somatic aspecrs of
human motion (Rozendal et al., 1983 p.11). A characteristic field of research is analysis of the
human gait. Important sources include descriptive anatomy, functional anatomy, and
biomechanics. In descriptive anatomy, only anatomical structures, such as bones, joints,
muscles, etc., are described. Functional anatomy represents an attempt to define more than
the spatial relationships between parts of the body and the body as a whole. In functional
anaromy the relationship between the structure of the anatomical parts and their function is
assessed. Not only the relationships between parts of the body are analysed but also the
relationships between parts of the body and the entire organism and its environment.
Biomechanics, finally, is used to explain processes of living structures with the help of
Newtonian mechanics. Kinematics, the description of motion, forms a part of biomechanics.
Other aspects are dynamics, kinetics, and statics, which investigate the action of force, forces
that cause or change the motion of bodies, and forces in equilibrium, respectively.

The second area within the field of human movement science which is important to our
study is psychology (especially concerning human motor control). In this scientific discipline
questions like ‘how can people control their movements?’ are being answered. People are able
to change their position, to move, to grasp objects, and to handle products, but why do
people move as they do? Why do people move in a somehow invariant way? How can people
learn complex skills? The answers to these questions lie partly in the realm of psychology.

CHAPTER I - INTRODUCTION 7



1.2

Knowledge obtained from human movement science can, among others, be applied in
ergonomics. The science of ergonomics focusses on the relationship between the human
being and his material environment, in daily life as well as under professional circumstances.
The main goal of ergonomics is to adapt the material environment to the human being.
Sanders (1988) defines Human Factors (which is equivalent to ergonomics) as ... the branch
of science and technology that includes what is known and theorized aboutr human
behavioral and biological characteristics that can be validly applied to the specification,
design, evaluation, operation, and maintenance of products and systems to enhance safe,
effective, and satisfying use by individuals, groups, and organizations.”

Ergonomics is a relatively young science. In fact, however, ergonomics has been a part of the
world since the existence of mankind, although not as a science. The human being shapes
his environment according to his own dimensions. The human niche became increasingly
artificial, i.e. man-made. Products, and therefore also the environment, are becoming more
complex. To achieve an optimal attunement between the environment and mankind,
knowledge about the human being, his environment and their mutual interactions is
needed. This knowledge has to include all aspects. To place the speedometer in the right
position in a car requires diverse insights into the human being. For instance, knowledge
about the physiology of the eye, since the driver has to see the speedometer. But knowledge
about the dimensions of the body is also of great importance. Where exactly will the head of
the driver be located? Next, psychology will provide some information. In what manner is
the information presented? In addition to these fields of knowledge, many other kinds of
information are needed. Knowledge gained from human movement science will be used in
ergonomics.

Ergonomics can be applied in already existing situations, e.g. to determine the physical load
of the human body in a specific work situation. In product design and workplace design,
ergonomics also has to be applied. When a new product is created by a designer who does
not know anything about the users, it is obvious that it will be a suboptimal product.
Therefore, product designers need not only the technical knowledge but also insight into the
human being, especially those facets that will be important for the usage of a product.
Ergonomics will provide this information for product designers.

In summary, we can say that knowledge gained from human movement science can, and
sometimes must, be used in product design.

A gap in our knowledge

One of the characteristics of human culture is the use of artifacts. Since the birth of
mankind, artifacts have been made. First, people constructed their own tools. At that time,
products often were direct extensions of the natural capabilities of the user. Usage at that
time was ‘handy’, i.e. mechanical extensions of hands. In the last few centuries the products
have become more complex. Some individuals became specialized in the manufacture of
certain products. People became shoemakers, carpenters, etc. Each person gained his own
skills and delivered his own products. As a result, the user and the producer became separate
entities. Since the producer makes his product, he knows how to handle it. The user,
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however, does not always know why certain products are made in that special way;
consequently, he may not know how to use it. By applying technical insight, normal habits
and traditional conventions, the user has to discover how the product should be used. When
only simple products are involved, no problems will be encountered. But when the product
is totally new or the previous function of the product is based on a new action, problems can
be expected to occur. An example was described by Gelderblom and Christiaans (1991). In
their experiment, subjects were asked to use a can opener. This opener, however, functioned
according to a concept unknown for them. None of the subjects could use the new opener,
because they all applied the old concept.

The more complex the product, the more difficult it will be for the user to understand and
use the product in the righe way. Increasing demands must be made upon product design.
The functioning of new products has to be understandable. In addition, users often increase
their demands upon products. Things have to be useful, efficient, safe and comfortable.

When designing a new product, multiple norms have to be considered. Moreover,
considerable experience has been gained in product design, but fundamental insight is
lacking. Why do we apply these norms? And why do we adhere to these customs? Use of a
product involves at least three interacting factors: human beings, product, and environment.
Each of these factors provides information that should be used in product design.
Knowledge about user characteristics and product characteristics alone is not enough. To
design products, knowledge about the interaction between user and product is essential. In
this field, in particular, there is a gap in our knowledge. For instance, the use of (parts of)
the limb as applied to a product is not yet understood. How do we grasp objects, and why
do we grasp them the way we do? Such interactions are dependent upon human,
environmental, and product characteristics.

One of the relevant characteristics is the structure of the human body. Due to our motor
apparatus people can move, although only within the limitations of this apparatus. For
instance, the elbow can only be flexed and extended; our anatomy daes not allow other
movements. The anatomy of the human body is an important factor. But knowledge of the
finer details is also essential. The physiology of the human body, including somaesthesia (the
perception of one’s own body), plays an important role in the capabilities of the human
being. In addition to these physical aspects cognitive aspects are also essential. People can
control their movements in the correct way. For some interactions people have to learn the
right movements before they can develop the required skill. Such aspects as the intention of
the user influence, of course, usage of a product. But many other factors also play a role. For
instance, is there a limitation on time? Or is a very steady hand required? Other aspects
involved in the perception of the product are: what does the user think this product is, and
why does he have to use it? On the other hand he will choose a way to use it. Of course,
many other aspects are relevant to product usage.

Another category of factors concerns the environment. What is the position of the product
relative to the user; what is the distance and orientation? Under what circumstances does
product usage take place, what is the illumination, temperature, humidity, etc.?

The third group of relevant factors is product characteristics. Such aspects as material,
friction coefficients, texture, and form will influence the interaction with the product. But
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also factors such as mobility relative to the outer world and the mobility of parts of a
product influence the way a product will be used. Things like size influence, for instance, the
way an object will be grasped. Texture and mass also influence the grasping of an object. In
chapter 2 literature on the usage of simple objects is reviewed, and the influence of product
characteristics on usage will be illustrated.

By now it must be clear that many factors influence product usage. The majority of these
factors are not yet understood.

Therefore there are many ways to influence the relationships between a product and the user,
most of which are as yet unknown. First, we are interested in finding regularities in product
usage. In addition, factors relevant to the relationship product - usage have to be identified.
These factors are expected to be human, environmental, or product-directed. In addition to
regularities, interindividual and intraindividual variances can be found. And finally, in what
way do people use products?

Finding an answer to all of these questions would be an impossible mission. Too many
variables are involved. If one considers just the motor apparatus of the user alone, then it is
apparent that people can use a finger, the hand, arms or legs. In some situations the total
body will be used when handling a product, e.g. riding a bicycle. Furthermore, the
environment can be very complex. Also the products can range from very simple to very
complex; for instance, objects that can move freely compared to objects that can only
undergo constrained movement. Finally, it must be stated that product usage in itself can be
very complex. Usage can usually be divided into separate phases. For instance, when
grasping a simple object, one has to anticipate, reach, and grasp. As a rule, more complex
product usage can be divided into even more phases.

Therefore, the objective of our study had to be restricted. In daily life controls are essential;
in many cases product usage incorporates the use of controls. Since we do not expect the
usage of controls to be a very complex process, we have chosen controls as the central theme
of our study. In addition, the indirect coupling between the function and the operation of a
control makes them interesting to study. But this category of products also has to be limited,
because many different kinds of control exist.

Overview of controls

The human being can design products for his own benefit. Most of these products have to
be controlled. In many cases, special control components, such as knobs, wheels, levers, etc.,
have to be mounted on products. These elements ate called controls. Sanders and
McCormick (1993) define the function of controls as the transmission of control information
to an apparatus, mechanism, or system. Dirken (1993, p.148) describes some general
characteristics of controls. First, controls are often standard components, mounted on the
outside of a product. It must be easy to reach the control. Usage is generally very simple,
only a simple translation and/or rotation. The effect of a control is an internal action, which
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can be mechanical, electrical, etc. In (ergonomic) literature several kinds of overviews of
controls can be found.

In the German industrial norms DIN 33 401) controls are classified according to the type of
movement required to operate them. These movements are: rotate, swing around, push,
shove, and pull. In figure 1-1 examples are given of rotary controls. This category can be
further subdivided. The first subdivision, the first column in figure 1-1, is formed by the type
of interaction used: one finger contact, two finger grip, three finger grip, hand grasp, and
full hand grip. The coupling of the hand with the control, due to friction or shape, yields
the second subcategory. Thirdly the orientation of the control, horizontal vs. vertical, plays a
role. The fourth subdivision is based on the part of the body used to interact with the
control: finger, hand, or hand and arm. In figure 1-1 thirty different types of rotary control
are illustrated and classified according to the above-mentioned subdivisions. For each of
these controls the norms give the suitability, on a three-point scale, for performing certain
types of task like: transmission of force, accurate movement, fast movement, etc.

type of interaction examples of rotary controls - orientation F H HA
one finger contact @
\?/n

shape

Jriction

two finger grip

§
.
=

L)

Jriction  shape

three finger grip

@
@
Y

friction  shape

hand grasp

shape

i

Jfriction

Sfull hand grip

T || DD B4 6o =
S

ﬁ,Q
i)
figure 1-1: Classification of controls according to the German industrial norms, examples of rotary consrols
(supplement of DIN 33 401, p.s5). For each grasp six different controls are shown, the upper three

are coupled due to shape, and the lower three due 1o friction. In the last column the part of the
body used to interact is listed: F = finger, H = hand, and HA = hand plus arm.

Jriction  shape
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figure 1-2:

Another dlassification of controls is given by Sanders and McCormick (1993, p.334). They

define the function of a control as the transmission of control information to some device,
mechanism, or system. Consequently, they classified controls according to the type of
information transmitted. This results in two broad classes: discrete and continuous
information. Another distinction between controls is the amount of force required to
manipulate them (large versus small). The amount of force required to manipulate a control
depends on the device being controlied, the mechanism of control, and the design of the
control itself. These two aspects, type of information and force required, were used by
Sanders and McCormick to classify controls (see figure 1-2). This classification system,
however, is rather coarse. Moreover, no arguments are given to explain why a control is
placed in a certain class.

For transmitting discrete information:

Hand Foot Toggle switch  Toggle switch Rotary
push button  push button 2-position 3-position selector switch

pil »p B

For transmitting traditional continuous information:
Knob Crzmk Wheel Lever

X

For transmitting cursor positioning information:
Mouse Trackball Digitizing tablet Light pen

Examples of some types of control devices classified according to the type of information they best
transmit and the force required to activate them (Sanders and McCormick, 1993).

——

éS\ 4
:_;%“\“‘.

Woodson et al. (1992, p.424) published guidelines on control selection for industrial
designers. In these guidelines three selection criteria are given. First one has to choose
between hand-operated and foot-operated controls, depending on precision, force, available
space, etc. Secondly, the function of the control (‘select system power state ON-OFF’, ‘enter
alphanumeric data’, etc.) is used to choose one out of ten types of control (toggle switch,
push button, bar knob, round knob, thumb wheel (discrete or continuous), crank, rocker
switch, lever, and lastly joystick or ball (compare ‘type of information’ used by Sanders and
McCormick, 1993). For each function to be performed, they use a three-point scale to
indicate the preference for a type of control. For both the selection of functions and the
choice of control, it is not clear why they chose one instead of another. Woodson et al. end
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no. name side view top view body part  movement

1. touch button —=— D 1 p
2. push button —‘l[ﬂl‘— O 12 P
3. toggle switch | %l_ 1 2 sw
4. thumb wheel ’_I/ﬂ_ Liin | 2 r
5. lever switch ‘—'/I \r'—— «0— 2/3 sw
7. on/off slide —ﬁ&-——’ (— 2/3 W
6. lever switch =L o 3 sh
8. continuous slide =1 — 3 sh

&
10. rotary selector switch @} 4 r

-
-
11. bar knob -—:/_F; @} 4 r
=
=N
=l

9. fine tune knob

@3 45 r

12. rotary knob

13. star knob

14. crank ::::03 6/7 r
15, joystick *?* 67 pppr
16. handle S 7 ppp

3

7

“r @ .
—QL O 9/10/11
R

ad

17. hand/arm wheel

18. foor push bution )4

19. pedal 9/10/11 )4

Sfgure 1-3: Overview of types of control classified according to (parts of) the extremities used to operate the
control and the type of movement (Dirken, 1993).

body part: movement:

I = fingertip 7 =arm p =push

2 = finger 8 = arm + trunk pp =pullipush

3 = index + thumb 9 = foor r =rotate

4= fingers + thumb 10 = lower leg sw = swing round
§ = hand I = leg sh = shove

6= forearm
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