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Preface

Ergonomics has moved away from being viewed simply as an academic subject into
being recognised as a useful tool in generating safe, comfortable and productive
working environments. This process has been assisted by Ergonomics being pre-
sented in a more usable format by authors of Ergonomics texts as well as Ergonomists
working on the coal face. Because of this change in perception, the responsibility has
landed in the laps of departmental managers, facility managers, safety managers,
occupational health departments, etc. to pick up the threads of basic Ergonomics
principles and apply them in their own working environments.

Office workers face a series of “problems” once they enter the workplace. These
problems are likely to make them unhappy and uncomfortable at the very least and
possibly injure them if no form of control is exerted by those around them. The
intention behind this book is to provide practical, usable advice that can be applied
directly to any office environment. The advice has grown from years of first-hand
experience of many types of offices and dealing with their inherent problems. It is
hoped that the application of the information contained in this publication will
ensure that office workers no longer have to use unsuitable workstation furniture or
equipment, they will not have to perform tasks that are badly designed and they do
not remain ignorant of the very basic advice needed to ensure they can work com-
fortably and safely.
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’l Working Posture

1.1 INTRODUCTION

One of the key elements in ensuring that people can work comfortably and effec-
tively is good posture. There is some controversy regarding what constitutes “good
posture.” The traditional view is that an upright posture is the most appropriate.
Others suggest that people prefer to lean back in their seats, while some argue that
the seat should be capable of sloping forward so that the angle of the hip is increased
to reduce the pressure in the lumbar region of the back. A number of authors
(e.g., Kroemer and Kroemer 2001) suggest that there is no one ideal posture. Having
so much published disagreement among knowledgeable sources does not help those
who need to accommodate their workforce. What would be helpful is having an
agreed starting point when it comes to posture and applying it with a little flexibility.
This chapter aims to provide an understanding of what can assist in creating a com-
fortable working posture.

1.2 SITTING VERSUS STANDING

It is generally recommended that where a task lends itself to individuals sitting down,
a suitable chair should be provided that allows them to do so. There are benefits to
sitting over standing: people can take the weight off their legs; greater stability is
offered to the upper body; energy expenditure is reduced, as are demands on the
circulatory system. A person who is required to stand for prolonged periods can
experience physiological changes including peripheral pooling of blood, a decrease
in stroke volume, and increase in heart rate (Bridger 2003). Despite the benefits to
be enjoyed while sitting, however, there is general agreement that people are not
designed to sit for extended periods without interruption.

Once sitting, many individuals work in a manner that is likely to increase feel-
ings of discomfort. For instance, some people tend to slump forward while working,
which can have a negative impact on digestion and breathing. This is one of the main
reasons why all people who work while seated should be given awareness training
which includes an understanding of how the back works, the mechanics by which it
can be overloaded, and, more fundamentally, what type of posture they should be
adopting and how they can actually adjust their chairs.

1.3 THE BACK

The back consists of many parts, and any one of these can be subject to general wear
and tear, disease, the aging process, and abuse. Abuse of the back in the workplace

1
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FIGURE 1.1 The spine (Jenkins 1998).

is very common but generally goes unrecognized. There is too little appreciation of
how easy it is to subject the back to unnecessary stresses inadvertently.

Apart from offering support to the trunk and being a main agent in its move-
ment, the back also plays a part in steadying the upper limbs and head. This ensures
that they can be moved and repositioned smoothly and that they can bear the stresses
encountered as the person works.

Figure 1.1 is an illustration of the spine. The spine consists of 33 individual
bones, referred to as vertebrae. It is normally divided into several distinct sections:
the cervical vertebrae, comprising seven vertebrae in the neck; the thoracic vertebrae,
12 vertebrae incorporating the chest and rib area; the lumbar vertebrae, five verte-
brae in the lower back; the sacrum, which is formed by five fused vertebrae; and the
coccyx, which is made up of the remaining three or four rather simple vertebrae.
Because the weight borne by the lumbar vertebrae is greater than that borne by either
the cervical or thoracic vertebrae, and because the lumbar region is subject to a peak
in leverage at this point (as a person leans forward, backwards or sideways), it is
subjected to higher levels of stress.

It has been suggested that 80% of people will experience back pain at least once
in their lives. Back pain can occur with or without structural damage (Sparto et al.
1997). Back pain that tends to be persistent is suspected to be due to structural damage
or degeneration (Watkins 1999). Although it has been reported (Nachemson 1992)
that the source of back pain is often difficult to diagnose, there is a view (Kroemer
and Grandjean 1997) that it is likely to involve a problem with the disks. Damage or
degeneration in the intervertebral disks may result in persistent low back pain.
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The disks are like cushions that sit between the vertebrae and act as shock
absorbers. They also give flexibility to the spine, allowing the individual to bend side-
ways (lateral flexion) and lean forward (flexion) or backward (extension). Figure 1.2
is an illustration of the disks.

The disks in the cervical and lumbar regions tend to be thicker at the front than
at the back, which contributes to the forward curving of the spine in these areas.
The disks also get thicker as they progress from top to bottom along the vertebral
column. It is estimated that they make up 20% of the total length of the vertebral
column (Williams et al. 1995).

The disks are made up of two parts: the annulus fibrosus, a fibrous outer layer,
and the nucleus pulposus, a gelatinous mass similar in consistency to toothpaste.
Because of its consistency it can change its shape easily. As a consequence, when a
person bends in any direction, the nucleus pulposus becomes wedge-shaped, with the
narrow end located toward the direction of the bend. At the same time, the annulus
fibrosis bulges on the opposite side of the bend.

Degenerative changes in the disks first start to appear when an individual reaches
their twenties (Jenkins 1999). When this starts to happen, the annulus fibrosis can
bulge or rupture if it is subject to excessive stress, particularly stress imposed by
bending. The bulges or ruptures (also known as prolapsed or slipped disks) tend to
happen posteriorly because this is the point where the disks are thinner. They also
tend to happen more frequently in the lumbar region and the lower cervical region.

A prolapse typically occurs suddenly as the result of an acute failure in the
annulus fibrosis. Because the disks do not have their own nerve supply, they are
not a direct source of pain. Pain is due to pressure being exerted on a nerve root or
spinal nerve by the bulge or rupture and will be experienced in the areas served by
the nerves in question. For instance, a protrusion in the lower cervical region may
produce discomfort in the hand. It is not uncommon for an individual who has com-
plained of symptoms in the hands, which are suggestive of an upper limb disorder, to
be diagnosed as suffering from a degenerative condition in the neck. Protrusions in
the lumbar region can cause shooting pains in the legs, usually starting in the buttock
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and moving into the back of the thigh, sometimes traveling as far as the feet. This
is commonly referred to as sciatica. There is often local muscle spasm following a
rupture, which also causes pain.

The muscles of the back—the “true” muscles—form several layers, which are
actually covered by the muscles of the upper limbs. The “true” muscles are the
primary means by which the spine is kept erect and can be rotated. The main task
for the muscles when the back is upright is to resist the pull of gravity. If the body is
balanced when upright, the back muscles do little work to maintain its stability. If an
individual leans forward, the muscles contract to prevent them from falling forward.
The muscles also “manage” the lean so that it is executed smoothly. The farther
forward an individual leans, the more active the back muscles become. The same
muscles assist in controlling the upward movement as the individual stands or sits
upright again. In conjunction with the back muscles, the abdominal muscles are also
called on to assist, which explains why people receiving physiotherapy for a back
injury often get advice on strengthening the abdominal muscles.

Once an individual adopts a sitting position, they rely on static muscle work to
keep them in that position. This requires prolonged and uninterrupted contraction
on the part of the muscles. Dynamic muscle work, on the other hand, involves the
contraction and relaxation of muscles, which achieves movement. Despite the fact
that during static muscle work there may be no discernible movement, which might
suggest no work is being done by the body, static muscle work is considered to be
more demanding than dynamic muscle work. As a consequence, longer periods of
rest are required to recover from this type of work than from dynamic muscle work.
Tasks usually involve a combination of static and dynamic work. For instance, when
an individual is sitting at a desk performing a computer-based operation, the muscles
responsible for controlling the back, shoulders, and arms employ static muscle work
while the hands employ dynamic muscle work as they use the keyboard and operate
the mouse. Static muscle work can result in minor discomfort quite quickly. People
who continue to work without changing position or taking a break can start to expe-
rience increasing pain.

The ligaments, in conjunction with the muscles, play a part in stabilizing the
individual when in an upright position. These can be likened to straps that stretch
between bones, and they provide passive resistance and limit movement toward the
extreme range of movement of the spine. It is thought that ligaments and muscles are
susceptible to injury as a result of twisting and stretching, particularly if repeated
over extended periods of time (McKeown and Twiss 2004).

Given that the posture adopted by the individual has a significant impact on the
health of the back, it would seem sensible to ensure that workers are given appro-
priate information to allow them to work comfortably and reduce the likelihood of
them developing injuries.

1.4 POSTURE

Some studies have purported to demonstrate that, when given the choice, seated
individuals choose to sit in anything but an ideal position, preferring instead to
lean forward or backward in their seats. However, none of these studies seems to
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make it clear whether these individuals have received instruction in how their chairs
operate and what they should aim to achieve with their posture. As a consequence,
they may simply be adopting postures dictated by their degree of knowledge, or
lack of it.

Discussing posture is not just about what is right for the back; it also has to take
account of what is right for the upper limbs, the head and neck, and the lower limbs.
When it comes to back position, the starting point should be to ensure that it is rea-
sonably upright, which is completely different from suggesting that someone should
sit erect. Sitting in a reasonably upright position actually means that the individual
may have a slight—very slight— backward lean that positions them at about 110°
relative to the base of the seat. This is considered to reduce disk pressure and to
reduce the workload for the back muscles because the backrest of the chair offers
greater support for the back; an assumption is made at this point that the chair in
use will provide the required amount of adjustment to ensure that the individual is
supported in the chosen posture rather than having to adjust his or her posture to a
position that accommodates the limits of the chair.

Studies have demonstrated that if we did insist that people work in an erect
posture, this would be likely to result in a forward slump (Aaras et al. 1997). This is
due to the fact that the static muscle work required to maintain the upright position
is particularly fatiguing, so people relax the muscles responsible for holding them
upright and slump forward. This causes deformation of the disks.

Should an individual decide to work in an inclined position that exceeds about
110°, this will require extending the arms farther forward to reach the keyboard or
mouse. An important goal of good working posture is to reduce the workload on
the arms. The workload can be minimized if the arm position can be kept close to
normal or neutral during the course of the work. When the arm is completely relaxed,
it falls naturally by the side of the body. The sitting position relative to a desk and its
equipment, such as a keyboard and mouse, should ensure that the individual simply
raises the forearm so that it forms a 90° angle with the upper arm, and the upper
arm should remain in its natural position alongside the ribcage. If the individual
sits at a distance from the desk or leans back in the seat, they have to overcome the
increase in reaching distances by moving the upper arm forward. Holding it in this
position during tasks requires static muscle work, already described as particularly
fatiguing. To facilitate the appropriate positioning of the arm, it is essential that the
keyboard and mouse be located close to the leading edge of the desk, but not so close
that there is no space to rest the hands when not operating the equipment. A 10 cm
gap in front of the keyboard is considered sufficient to rest the forearms in between
bouts of keying.

Leaning backward in the chair to an extreme degree will also have a negative
impact on head and neck position. This is due to the fact that as the individual reclines,
the head tilts back relative to the screen, keyboard, or documents being viewed. This
will require a compensatory repositioning of the head. In other words, the head will
have to be bent forward, and this is likely to result in neck pain over time.

Task chairs that incorporate a forward tilting seat have been advocated as a
means to reduce the need for hip flexion. However, getting people to sit on a slope
appears in practice to have two likely outcomes: they will brace themselves with
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FIGURE 1.3 “Ideal” sitting posture.

their feet to combat the sensation of slipping forward; and females wearing skirts,
particularly lined skirts, will find that they tend to slide out of their skirts.

Specifically designed stools with sloping seats have addressed the issue of users
slipping forward on the inclined seat by incorporating knee pads that hold the user
in place. Kroemer and Grandjean (1997) have referred to studies in which users of
these types of seats have complained about discomfort in their knees. These chairs
also lack any form of back support, and as a consequence the back muscles have no
opportunity to achieve any type of support and have to maintain the upright posture
throughout the time the individual sits on the seat. This requires long periods of
static muscle work. This is compounded by the fact that the seat does not allow
for easy variability of posture. When these points are combined with the fact that
sloping seats are not particularly easy to get into and out of, it might be advisable to
permit them to be used only under the instruction and guidance of a health profes-
sional such as a doctor or physiotherapist.

The starting point when setting up a seated posture is working height. Assuming
a desk of fixed height is in use, the chair should be adjusted so that the individual’s
elbows are level with the home row (i.e., the middle row) of the keyboard (see
Figure 1.3.) By sitting at this height users will not have to raise their shoulders when
operating the keyboard or mouse nor move their upper arms away from their sides,
as would occur if they sat too low relative to their equipment. In addition, they will
not have to work with their forearms above the horizontal. If the forearms are kept
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FIGURE 1.4 “Ideal” sitting posture including a footrest.

in a horizontal position, with a 90° angle at the elbow, they will be able to work with
a straight line running through their wrists and into their hands. This makes them
less likely to encounter symptoms of an upper limb disorder (ULD) in this area.
(The issue of ULDs will be dealt with further in chapter 11.) If a particularly tall
individual finds that he or she has to lower the seat to get their elbows level with the
home row of the keyboard to such an extent that their hips are lower than their knees,
that person needs a higher desk and probably a higher chair. If an adjustable-height
desk is in use, the user would position the chair to get their feet on the floor, then
position the desk to achieve the same arrangement as described above.

Once the chair height has been altered, attention should be turned to the feet.
If an individual finds that, having moved the chair, their feet are no longer firmly
on the floor, they should use a footrest. (The most suitable type of footrest will be
discussed in chapter 2.) The footrest should support the feet at a level where the user
is able to work with an approximate 90° angle at the knee (see Figure 1.4). This angle
can be increased slightly by sliding the feet (and footrest) forward but should not be
increased by having the chair too high, nor reduced by having the chair too low.

A footrest should not be used by anyone who finds that their feet easily reach
the floor once the chair height has been altered. Doing so can have quite an adverse
affect on comfort level. This results from two specific consequences. In the first
instance, as the foot is raised off the floor and placed on the footrest, the knee is
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FIGURE 1.5 The effects of using a footrest when not required.

raised upward by a similar amount (see figure 1.5). As the individual does not change
the seated height, the angle at the knee is reduced. This can result in a restriction of
the blood flow into the lower legs, and the user will start to feel uncomfortable and
fidget without realizing why. Second, Figures 1.3 and 1.4 clearly illustrate that a sig-
nificant proportion of the buttocks and backs of the thighs is in contact with the seat
surface. This will ensure that a large surface area of the body supports the weight
of the upper body. If the knee is raised owing to the unnecessary use of a footrest,
part of the back of the thigh will also be raised, reducing the surface area supporting
the upper body’s weight. Focusing the upper body’s weight on a smaller supporting
surface will result in pressure points, again making the individual uncomfortable
and likely to fidget.

If people choose to work without footrests and their feet do not touch the floor,
they are likely to encounter other difficulties (see Figure 1.6). The leading edge of
the seat will press into the backs of the thighs as the weight of the lower legs drags
them down. The compressive effect will create discomfort, ultimately making
people fidget.

Once the seated height is established and properly supported, the focus should
turn to the back and the degree of support offered by the backrest of the chair.
Initially, individuals should adopt the position they would like to work in for a period
of time, whether that be upright or leaning slightly back. The backrest of the chair
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¥

FIGURE 1.6 The effects of working without a footrest when one is required.

should be capable of allowing them to adopt such a sitting position and should offer
an adjustment mechanism, such as a lever under the seat that can be easily reached
from the seated position.

Once the backrest has been adjusted to support the upper body posture of the
individual, the lumbar support of the backrest should be positioned so that it falls in
line with, and supports, the small of the back. Some chairs may not have this specific
facility, and this is discussed further in chapter 2. It is important that the angle of
the backrest is altered prior to positioning the lumbar support, because the lumbar
support of a chair will appear to “move” upward as the individual leans back in the
seat or will “move” downward as the individual moves to a more upright position,
and this could leave the lumbar region unsupported.

As Figure 1.3 clearly illustrates, keyboard users should not rest their wrists on
the desk or keyboard. Their hands should “hover” over the keyboard. By doing so,
the individual will be able to call upon the larger muscles of the arms to move the
limbs and thus reposition the hands relative to a particular key. If people rested the
wrists on the desk surface while keying, they would in effect be anchored in place
and would have to extend their fingers to reach the keys. It is also likely that if people
rest their wrists on the desk and raise their hands up toward the keys, they will work
with bent wrists. Again, this is known to be associated with the development of
upper limb disorders.
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FIGURE 1.7 The horizontal line of sight and preferred viewing area.

Individuals should sit as close to the leading edge of the desk as they wish and
should have the keyboard and mouse within easy reach. They should not be pre-
vented from sitting close to the desk by bulky armrests on the chair or by design
features of the desk. The aim should be to allow them to work with an approximate
90° angle at the elbow. This will ensure that the upper arm can hang naturally by
the side of the body and will demand a minimal amount of work from the muscles.
The farther they sit away from the desk, or the farther they position their keyboard
and mouse from the leading edge of the desk, the farther they will have to reach with
their arms. Working in such a manner will increase the workload for the arms and
the rate at which they become fatigued.

Head and neck posture will be determined by the visual requirements of the task.
The aim should be to present equipment, such as the screen, at a height where the
individual can adopt an upright, but not necessarily erect, head position. Figure 1.7
shows that when an individual sits or stands erect with the head completely upright
and looks straight in front of the body, a stance similar to that adopted by a soldier
standing to attention, the gaze will follow what is referred to as the horizontal line
of sight. However, given the opportunity to relax, the head will drop down slightly
bcause of its weight, and the eyes will ultimately adopt a downward gaze somewhere
between 15° and 30° below the horizontal line of sight. This is considered to be the
preferred viewing area. People can, of course, view information presented in an
area that falls below this preferred viewing area, but this does require the head to be
tilted downward to a greater extent. Pheasant (1996) has pointed out that the neck
muscles come under tension to support the weight of the head when it is tilted down-
wards in such a manner. This has implications in terms of viewing laptop screens
and smaller sources of information such as PDAs (personal digital assistants). A
computer screen should be set at a height where the top of the screen does not pass
above the horizontal line of sight. Apart from ensuring that the screen can be read
easily with the head in a more “natural” relaxed position, screen users will never
have to raise their eyes above the horizontal line of sight nor raise their heads so that
they look upward, both of which increase the workload for the muscles concerned
with managing and controlling this movement.
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FIGURE 1.8 A keyboard operator working with documents located on the desk surface.

There is an exception to the rule with regard to screen height, and that relates
to users who wear bifocal glasses. If they look through the bottom segment of their
glasses when viewing the screen this will cause them to tilt their heads back if the
screen is set at the levels suggested above. These individuals may need to have their
screens lower than would be recommended for others so that they can keep their
heads in a more natural position.

Having considered head position relative to a screen, thought also has to be given
to any documents that might be used in conjunction with the screen. It is common
practice to place documents on the desk surface to one side of the keyboard. This
ensures that the worker has to tilt his head downward and to one side as they refer to
the document (see Figure 1.8). To adopt a more appropriate head position, the indi-
vidual should place the documents on a copy stand or document holder, assuming the
documents are of a size that permits this. The document holder should be positioned
alongside the screen and at about the same height.

Some authors may suggest that the types of postures described in this chapter do
not approximate actual working postures. They may suggest that they are too rigid,
too “idealized.” The fact is that the postures described above are based on what
will impose the lowest loading on any part of the body active in the adoption and
maintenance of working postures. What should be kept in mind is that the postures
detailed in this chapter are a starting point. It is accepted that any posture, even one
considered to be “ideal,” will become fatiguing if maintained for extended periods
without interruption. What is being advocated in this chapter is the need to provide
workers with the information that will allow them to adopt postures known to be
sound, and then allow them some flexibility around these postures. These postures
are not expected to be adopted and maintained rigidly. Rather, the postures should
have a fluidity about them so that individual can alter their position within an accept-
able range that still allows them to work comfortably.
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1.5 MAINTENANCE AND MONITORING OF
GOOD POSTURES

Even if the workers appear to be fully committed to the concept of adopting suitable
working postures and have made the effort to adjust their workstation equipment so
that they can work comfortably, it is possible that over time the appropriate work-
ing practices will deteriorate. This could result from a number of factors, such as a
new intake of untrained and/or inexperienced personnel, a change in the workstation
furniture in use, a repositioning of equipment within the office or within a building,
forgetfulness over time, trying to accommodate an illness or injury, or “hot-desking”
situations in which any number of individuals might use a given workstation.

An organization needs to offer reminders at regular intervals about the need to
adopt suitable working postures. Whether this is successful needs to be monitored
carefully. Caution should be taken if any organization is solely reliant on self-
assessments, such as those that can be done on-line, as a means of gathering
feedback. It cannot be assumed, even after thorough training, that all workers will
employ the techniques reinforced during training or awareness sessions. It is not
uncommon for individuals to complete self-assessment forms inaccurately because
they do not appreciate that the postures they have adopted do not actually correlate
with what has been suggested during training. Others may feel such time pressure
from work demands that they pay fleeting attention to the questions on the checklist
and complete it so that everything appears satisfactory and as a result they will
not be “bothered” by any further investigations. Although there is a place for self-
assessments, particularly in large organizations, they should be used in conjunction
with other monitoring procedures such as follow-ups by health and safety personnel,
managers, or team leaders.

1.6 SUMMARY

o If the task lends itself to an individual sitting down, a suitable chair should
be provided to allow them to do so.

 Sitting offers advantages over standing in that people can take the weight
off their legs, they have greater stability for the upper body, and energy
expenditure is reduced, as are demands on the circulatory system.

* Prolonged standing can result in physiological changes, including an
increase in heart rate.

* There is general agreement that people are not designed to sit for extended
periods without interruption. Many individuals work in a manner that is
likely to increase feelings of discomfort. Much of this is due to lack of
awareness and training.

* The back consists of many parts that can be subject to general wear and
tear, disease, the aging process, and abuse.

* Because the weight borne by the lumbar vertebrae is greater than that borne
by either the cervical or thoracic vertebrae, the lumbar region is subject to
higher levels of stress.
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The intervertebral disks are like cushions that sit between the vertebrae and
act as shock absorbers. They also give flexibility to the spine.

When an individual bends in any direction, the disk can become wedge-
shaped and a bulge can form on one side.

Bulges or ruptures can occur in the disk as a result of excessive stress,
particularly imposed by bending.

Protrusions caused by a prolapse can result in sciatica.

The back muscles do the least amount of work when the body is upright and
balanced. Once an individual leans forward, the muscles contract to prevent
them falling forward. The muscles also have to manage the movement. The
farther forward one leans, the more active the back muscles become.

Static muscle work is required to keep an individual in an upright sitting
position.

Static muscle work involves prolonged and uninterrupted contraction of
the muscles.

Dynamic muscle work involves contraction and relaxation of muscles,
which achieves movement.

Longer periods of rest are required to recover from static muscle work than
from dynamic muscle work. Most tasks involve a combination of static and
dynamic work.

Static muscle work can result in discomfort quite quickly. More significant
pain can be experienced if the individual does not take a break.

The ligaments play a part in stabilizing the individual in an upright position.
Ligaments and muscles are susceptible to injury as a result of twisting and
stretching, particularly over extended periods of time.

The starting point for adopting suitable working postures is to ensure that
the upper body is reasonably upright. This is not the same as suggesting that
the upper body needs to be completely erect.

Sitting in an erect posture is more likely to result in forward slump.
Postures that result in operators’ leaning farther back than a reasonably
upright position will move them away from the desk and keyboard, result-
ing in them having to extend their arms. This is likely to be fatiguing.

The mouse and keyboard should be located close to the leading edge of the
desk. A 10 cm gap in front of the keyboard is sufficient to allow users to rest
their wrists in between bouts of keying.

Assuming a fixed-height desk is in use, a chair should be adjusted so the
individual’s elbows are level with the home row of the keyboard.

If the person’s feet are not firmly on the floor once the chair has been
adjusted, the person should be provided with a footrest.

A footrest should not be used by anyone whose feet naturally rest securely
on the floor.

Working without a footrest when the feet do not touch the floor when in a
seated position will create problems, such as the leading edge of the chair
compressing the backs of the thighs due to the weight of the legs. This will
cause discomfort.
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If adjustable-height desks are in use, users should position the chair so that
their feet are firmly on the floor, and then move the desk into a position
where they are able to operate the keyboard when it is at the same height
as their elbows.

Once the user’s sitting height has been established, the backrest needs to be
altered. The lumbar support on the backrest should be positioned so that is
lined up with the small of their back.

When operating the keyboard, the user should not rest the wrists on the
desk. They should hover over the keyboard relying on the larger arm mus-
cles to move the limbs into position rather than having to overextend the
fingers to depress the keys.

If armrests on chairs prevent users from sitting as close to the leading edge
of the desk as they might wish, the armrests should be removed.

Head and neck posture are determined by the visual requirements of the task.
The screen should be positioned so that the top of the screen does not move
above the user’s horizontal line of sight.

Users wearing bifocal glasses may prefer that the screen is presented at a
lower level so that they do not have to tilt their heads upward and back in
order to look through the bottom of their glasses when viewing the display.
Documents should not be placed on the surface of the desk and referred to
when the individual is operating the keyboard. People should be encour-
aged to use a document holder or copy stand to present the document at the
same height and distance as the screen.

Once appropriate working practices are established, it is likely that they
will deteriorate over time for a number of reasons. Organizations need to
offer reminders at regular intervals about the need to adopt and maintain
suitable working postures.

Caution should be taken when using self-assessments because employees do
not always complete these accurately, and they do not always correlate the
information they have gathered online with their own particular workstation.



The Design of
Workstation Furniture

2.1 INTRODUCTION

When considering the design of workstations the initial focus will generally be on
the individual pieces of equipment as stand-alone items. However, the interaction
of items when used in combinations is also very important. This chapter will con-
sider the design, layout, and use of desks, chairs and accessories such as footrests,
wristrests, document holders, headsets, and reading slopes, and the impact of one on
another when used in conjunction.

Wireless technology has changed the way in which people are able to work. They
are not bound to their desks as they formerly were. People can perform computer-
based operations virtually anywhere within and outside the office. However, the
majority of computer users still sit at dedicated workstations within the office to
perform their work.

2.2 DESKS

Desks used to be such an uncomplicated feature in an office: simple rectangular
shapes, sometimes with drawers attached to the undersurface. However, as technol-
ogy has changed, desk designers and manufacturers have been working assiduously
to keep up with the demands created by the need to support screens, keyboards,
mice, telephones, printers, scanners, and other devices on the desk surface, and to
accommodate increasing numbers of individuals in an office without requiring addi-
tional floor space. Desks are now contoured and shaped and can be used individually,
in mirrored pairs, or in “pods”—Ilarge groups of desks joined together making up
a team’s workspace. They can be fixed-height, partially height-adjustable, or fully
height-adjustable. They can have drawers attached to the undersurface or have inde-
pendent pedestal drawers. They offer a wide range of cable management facilities.
Any brochure that accompanies these desks will advise the reader that their designs
meet a range of design specifications and legal requirements. Yet many of them
will fail from the perspective of usability and functionality once introduced into a
real working environment. This is usually because they do not include some simple,
but fundamental, design features that take specific account of the work that will be
performed at the intended workstation.

2.2.1 Desk HElGHT

There was a time when adjustable desks were significantly more expensive than non-
adjustable desks, which restricted the number that would have been introduced into

15



16 Office Ergonomics: Practical Applications

any office. However, that is not necessarily the case now. Other factors typically place
restrictions on the use of such desks. In the main, office managers/designers tend to
favor a uniform look in an office, so every individual has the same workstation type
and layout. Pod-style arrangements, where several workstations are conjoined, do
not lend themselves to individuals setting the desks to different heights. As a conse-
quence, office workers tend to be provided with fixed-height desks.

There is absolutely nothing wrong with using a fixed-height desk—one that
cannot be altered for height—as long as a suitable height-adjustable chair is made
available and a footrest is provided if required. The provision of a suitable chair and
footrest becomes particularly important in “hot-desking” situations where more than
one individual might use a desk during the course of a working day. This is common
in offices that operate multiple shifts offering 24-hour cover, such as call centers,
where three individuals may use the same workstation during a 24-hour period. It is
also common in offices where only a small percentage of the employees would be
expected to be in the office on any one day, such as travelling sales staff. In this case,
it would not make business sense to provide and maintain a workstation for each
employee if only a small number of the workstations would be used at any one time.

Fixed-height desks tend to be designed so that they offer a working height of
720 mm. This is an industry “standard” height, although some fixed-height desks
may be in use that have a lower working height than 720 mm (these tend to be
older desks), and other desks may have a higher working height, possibly as much as
750-760 mm, but these are unusual.

Any organization will find that using a standard 720 mm height desk will suit
the majority of the individuals in their offices. The only exceptions to this will be
taller individuals, usually tall men, and possibly people with specific disabilities.
It might be assumed that small individuals, such as petite females, may be disadvan-
taged by using such a desk, but this is not necessarily the case. Small individuals can
always use adjustable chairs to raise themselves to an appropriate height relative to
the desk surface and keyboard, and then support their feet on a footrest. Companies
should be alert to the fact that some of the smaller individuals may work on the erro-
neous assumption that their feet must touch the floor and as a consequence they may
lower their seats. As they reduce the seat height, in effect the height of the desk and
keyboard will rise relative to their seated position. This will force users to raise their
arms to operate the keyboard. This posture will be maintained throughout the period
that they remain at their desks and this will require uninterrupted static muscle work.
This will be fatiguing and often leads to discomfort between the shoulders. To judge
whether a person is working at too low a level relative to the desk or keyboard, stand
behind them when they are working and observe whether their elbows and upper
arms are sticking out from their body sides (see Figure 2.1). The posture that should
be adopted when using a fixed-height desk is outlined in detail in chapter 1.

If a taller individual, usually in excess of 183 cm (6 feet) in height, finds that a
standard desk is too low, a number of options are available. It is possible to purchase
retrofit attachments that effectively increase the length of the desk’s legs, thereby
presenting the worksurface at a higher level. Many manufacturers now offer these as
standard optional extras. Alternatively, a height-adjustable desk could be provided.
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FIGURE 2.1 The likely upper limb posture of someone sitting at too low a level relative to
their desk and keyboard.

Height adjustment features come in a variety of forms. Some manufacturers have
incorporated telescopic legs into their desk designs so that the legs can be extended to
present the desk surface at a suitable height. This feature has a few minor drawbacks:
the adjustment can be done safely only without anything on the desk surface, which
makes it more difficult and time-consuming to adjust once the desk is in use; and care
has to be taken to ensure that each leg is set at exactly the same height so that the
desk surface is level. Some manufacturers may suggest that the legs of their models
can be adjusted for height, but in actual fact all they offer are stabilizing feet that are
adjusted to accommodate an uneven floor surface. They may, in reality, be capable of
changing the height of the worksurface by only a few millimeters or a centimeter.

Alternative height-adjustment mechanisms include crank handles located on
the surface of the desk, directly over the leg area, and electrically powered control
panels embedded in the desk surface. With the crank handle method a chain, similar
to a bicycle chain, is located in one of the desk legs, and as the handle is rotated the
chain moves, which raises or lowers the desk.

Electrically powered height-adjustable surfaces have a small panel on the desk
surface that presents “up” and “down” buttons that, when pressed, allow the surface
to move up and down smoothly and slowly. This feature is particularly useful for
individuals who might require different working heights for different tasks, such as
when writing and then using the keyboard, or for those who have a disability that
might not allow them to operate a crank handle easily.

Some adjustable desks provide a split surface—for example, split horizontally to
provide front and rear sections—where each section of the surface can be adjusted inde-
pendently. This is a useful feature because it allows the screen, which would be placed
on the rear section, to be positioned at a suitable height relative to the seated user.



18 Office Ergonomics: Practical Applications

When using adjustable worksurfaces, users should ideally lower their chairs so
that their feet are flat on the floor. The desk surface should then be lowered so that
the individual is able to adopt the posture outlined in chapter 1, with the elbows level
with the home row of the keyboard.

Care has to be taken that an individual’s sitting position alongside the desk is not
compromised by some feature on the undersurface of the desk. An example of this
would be a poorly positioned pull-out keyboard tray designed to be stowed under the
leading edge of the desk when not in use. These commonly come in contact with the
tops of a user’s thighs when they try to raise the chair and restrict the height at which
they can sit. Sometimes this can result in the user sitting too low relative to the desk
or screen. There should be a clear space of at least 650 mm between the floor and the
undersurface of the desk.

2.2.2  WORKSURFACE DESIGN

One of the most important features of the desk is the surface area available. This
will be a major determinant of how individuals can arrange their equipment. Ideally,
they should be able to arrange the screen and keyboard so that when they are in use
they are positioned one in front of the other, directly in front of the user. As a general
rule, the depth of the desk should allow the screen to be positioned about fingertip
distance away from the user in the “at work™ position. The screen should not be posi-
tioned to one side of the desk so that the user has to look to the side each time they
refer to the display. This was a common feature in offices when screens had become
large and bulky but were still placed on older rectangular desks that were not deep
enough to allow the screen to be positioned in front of the user. This also occurred
in situations where individuals had many documents to work with and moved their
screens and keyboards to one side of the desk to accommodate the documents. If the
screen is positioned to one side, users will have to rotate their heads each time they
refer to the screen and again as they look back at their documents or keyboard. This
layout can also cause twisting of the upper body. Delleman (2004) has reported a
study by Hiinting et al. (1981) that showed that VDU operators who twisted their
necks beyond 20° showed a higher incidence of neck and shoulder disorders.

A screen should only be positioned on one side of the desk if the user is able to
reposition the chair so that they can align themself in front of the equipment when it
is in use. The only type of user who could possibly justify working with the screen
to one side of the seated position would be a copy typist who simply reads printed or
written text as they type and do not refer to the screen throughout the keying opera-
tion. Even copy typists, however, should sit in front of the screen if interacting with
it, as when editing previously typed text.

Given the fact that most individuals in an office have to work with both computers
and documents, manufacturers have provided desks that offer increased surface area.
They have accomplished this by offering cockpit-style surfaces, L-shaped surfaces,
or “wave” surfaces (see Figure 2.2). Many of these desks do not take up any more
floor space than rectangular desks did; therefore, the same number of people can be
accommodated in an office without resulting in cramped conditions. The key issue
with all of the desks being offered, regardless of their surface shape, is whether they
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FIGURE 2.2 Desk surface configurations: (a) a cockpit-style surface, (b) an L-shaped
surface, and (c) a “wave” surface.

can allow the appropriate positioning of the screen. This has become a lot easier to
achieve since the introduction of flat screens.

Using the available surface becomes more problematic if more than one screen
is in use. Many desks can accommodate two screens, particularly flat screens. But
once a user has to refer to more than two screens, a specifically designed desk and
layout should be provided.

The desk surface also needs to provide sufficient space to accommodate the
mouse, documents, and copy stand, a telephone if in use, and any other equipment that
will be utilized at the workstation. Final purchasing decisions need to be made with
care, and preferably following user trials. Often the most creative-looking designs
fail in terms of usability when they are introduced into a real working environment.
A prime example of this would be the split-level computer table primarily aimed
at the home market. It is intended to represent a compact means of supporting a
screen, keyboard, mouse, and other devices. Often the lower surface, intended for
the keyboard, offers such a small surface area that it can accommodate only the
keyboard and does not leave sufficient space to move the mouse. Often it cannot even
provide sufficient space for users to rest their forearms in between bouts of keying;
being able to rest the forearms directly on the worksurface has been reported as being
one of the most important features when designing a worksurface for computer use
(Karlgvist 1998). To compound the problem, there is often a secondary shelf under
the main worksurface to support the printer. This reduces the leg space available to
the seated user.

Other popular “shaped” designs also have to be selected with care. The L-shaped
worksurface and “wave” surface shown in Figure 2.2 can create problems if not
utilized effectively. For instance, chapter 1 advised that people should be able to
sit close to the leading edge of their workstation when operating a keyboard. As
Figure 2.3 shows, if a user sits on a chair with armrests they will frequently find
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FIGURE 2.5 Asymmetric surfaces used in a paired formation, resulting in workspace to
the left or right of user.

that the armrests come in contact with the leading edges of the L-shaped desk where
they form a 90° angle, and this prevents them from sitting as close to the desk as
they might wish. A similar problem could be experienced with the contoured desk.
As the user turns toward the screen, which involves rotating the chair, as shown in
Figure 2.4, the armrest can come in contact with the side of the desk and push the
user off center in relation to the screen. Users might find that they have to compen-
sate by leaning slightly to one side to feel they are in line with the equipment, or they
might have to move the equipment out of the designated area on the desk to allow
them to sit more comfortably, resulting in poor placement of the equipment.

Desks with an asymmetric surface are often used in pairs or pod arrangements and
are provided as mirror images, such that one is referred to as a right-handed desk and
the other as a left-handed desk. This means that the major proportion of the user’s work-
space will be located to either the left or right side (see Figure 2.5). Some individuals
will complain that this limits the flexibility over how they use the workspace.

The impact of stylized desks can only really be determined through trials of the
furniture in the real workplace prior to purchasing. Most desk suppliers will agree to
such a suggestion. The subject of trials is discussed in chapter 3.

One other feature of the worksurface that deserves mention is the leading edge. It
was common for older desks to have 90° angle edges. This is still the case with many
less expensive models currently provided by suppliers. The concern with this design
feature is that if individuals choose to rest their wrists on the sharp edge of these
desks, it will compress the tissues of the wrist and this can, over time, contribute
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FIGURE 2.6 The zone of convenient reach and the normal work area (McKeown and Twiss
2004).

to the development of an upper limb disorder. Desks with rounded or “bull-nosed”
edges are considered more appropriate.

2.2.3 WORKSURFACE LAYouT

Having selected the appropriate desks for the office, effort should be made to ensure
that the layout is appropriate. A badly planned worksurface layout can result in
unnecessary overreaching. The aim should be for the seated worker to be able to
reach all frequently used items easily. This is important because the seated worker
is virtually fixed in place and cannot move towards an object in the same way that a
standing worker can.

When considering the area in which an individual can reach, consideration is
given to the “zone of convenient reach” (ZCR) and the “normal work area” (NWA).
The ZCR is sometimes described as the secondary work area and covers an area
that can be swept easily by the fully extended arm as it is moved sideways, upward,
and forward. The ZCR for a seated worker is less than that for a standing worker
(Sengupta and Das 2000). Within the ZCR is a smaller area called the “normal work
area” (NWA). Both are shown in Figure 2.6.

The NWA is usually referred to as the “primary work area” and represents an
individual’s optimum reaching distance. It covers the area that can be comfortably
swept by the forearm when it forms a 90° angle at the elbow with the upper arm,
which is hanging naturally by the side of the body. Any activities that have to be
performed for extended periods or repeatedly should be carried out within the NWA
or primary work area. Any tasks that are performed on an irregular basis or for short
periods can be carried out in the ZCR or secondary work area. This principle should
be applied when arranging equipment and any other items on the desk surface.
Those items used regularly—for example, the mouse, the keyboard, and perhaps the
telephone —should be located within the NWA, and those items used infrequently,
such as reference folders, directories, and perhaps telephone, can be located in the
more distant areas of the desk.

Some individuals may find that they have so much documentation to refer to
when they work that the surface area available is insufficient. As a consequence, they
may choose to store the overflow from their desk on the surrounding floor. This is
likely to lead to reaching to the documents from the seated position, which will cause
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twisting and stooping. This is considered particularly stressful for the lower back
and should be discouraged. If someone has a valid reason for having so many files
to work with that they are driven to place them on the floor, this probably warrants a
larger workstation or, alternatively, an additional mobile surface such as a trolley to
accommodate the overflow. Ideally, nothing should be stored on the floor, as it will
only encourage bending and stooping, as well as presenting a tripping hazard.

2.2.4 UNDERSURFACE FEATURES

The design of the undersurface of the desk is just as important as the worksurface
because it can have an impact on comfort levels. An individual should have sufficient
leg clearance from front to back and from side to side to be able to move the legs
freely and change position easily without hindrance. It is generally recommended
that someone sitting at a desk should be provided with a minimum clearance of
600 mm from front to back under the desk. A clearance of at least 600 mm from
left to right relative to the seated position is also recommended, although ideally it
should be 1000 mm in this area. Consideration should also be given to the location
of features such as modesty panels toward the rear of the desk, desk frames, and
cantilever legs which can become an obstacle at floor level. Computer hard drives
are often placed in the immediate foot area under the desk surface and are usually
located there by individuals who do not even work at the workstations in question,
such as IT personnel.

Drawers can also limit the user’s freedom to move. Pedestal drawers were con-
sidered to offer a degree of liberation to users because they were intended to allow
them to push the drawers to an unobtrusive area. However, the reality is that most
pedestal drawers are located under the desk surface in exactly the same place as
fixed drawer units would have been.

Cable management should also be given thorough consideration. Most desks
offer a facility for storing or controlling cables, but many office workers fail to utilize
these effectively. Part of the problem is the fact that the desks and their users get
moved around in offices regularly, and it can be time-consuming to remove cables
from their storage points in the desks during the transfer and then to reinstate them.
As aresult, cables lie on the floor area around the feet or around the desk, represent-
ing a risk to the user and passers-by.

2.3 PARTITIONS

With the advent of open-plan offices, partitions have been employed to offer a degree
of privacy, acoustic control and to provide demarcation between departments or
teams. Before any decisions are made about the form the partitioning should take,
full consideration should be given to the task demands of each individual enclosed
by a partition and the psycho-social issues relating to their use.

The immediate impact of partitions can be isolation. This has been referred to as
an “unintended influence” (Statt 1994). Contact between people has a big effect on
the cohesiveness of a group (Furnham 1997). Partitions act as physical constraints
that impede the ease with which people can interact. If interpersonal contact is
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restricted then people will find it hard to form a cohesive group. This has implica-
tions for teamwork where people are intended to be working together to achieve
an objective. Group cohesion leads to increased participation in group affairs,
greater conformity and often greater success (Furnham 1997). Looking at the bigger
picture, it is worth keeping in mind that large, open-plan offices are believed to
lead to the development of fewer friendships than smaller, closed offices (Sundstrom
1986). However, De Croon et al. (2005) suggest there is little evidence to support
the view that open-plan offices result in a worsening of interpersonal relations. They
did find that there is strong evidence to suggest that open-plan workplaces reduce
psychological privacy and job satisfaction.

Although there are drawbacks, partitions may be suitable for a job requiring
confidentiality or for individuals who use the telephone frequently which may be
distracting for surrounding workers. In addition, partitions clearly mark out an
individual’s personal space which can-not be encroached on by other individuals
sitting nearby.

The success of partitions lies in identifying whether they are a real requirement
of the work or conditions and then deciding what form they should take. They can
be high-level so that a seated individual cannot be seen by anyone near them, or they
can be eye-level, which allows seated workers to see other people sitting around
them and to communicate, albeit with some difficulty, when necessary.

2.4 CHAIRS

Chairs have to be selected after a thorough review and testing of what is available
on the market. Because most desks currently in use in offices cannot be adjusted for
height, an individual will only be able to adopt a suitable, fully supported working
posture by adjusting the chair. Individuals performing a screen-based operation at
work, or even a simple pen-and-paper task, should not be using non-adjustable chairs
unless their task lasts for only a few minutes at a time and will not be repeated at
regular intervals.

As a minimum, the chair should be adjustable for height. The backrest or inde-
pendent internal lumbar support should be designed so that it can be repositioned
relative to the seated user; alternatively, the backrest should be constructed of a
material that molds around the individual. It should have five prongs on the base with
casters (unless the floor covering makes this unsuitable), and the padding should be
sufficient to prevent the user from coming in contact with or being aware of hard
edges on the shell of the seat.

2.4.1  SeAT HEIGHT ADJUSTMENT

The range of adjustment offered by office chairs varies from one model to another.
Ideally, a seat should be capable of adjusting from around 380 mm to 530 mm
above the floor. Typically, office chairs do not offer the full range that might be
considered “ideal,” but they are still likely to accommodate many potential users.
Only tall or very small individuals might find that a chair does not move enough to
accommodate them. This can be dealt with easily by simply approaching suppliers
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and requesting a chair on trial that offers a greater range of height adjustment than
the “standard” chair.

2.4.2 BACKREST ADJUSTMENT

The backrests of chairs are varied in style and many are now quite sophisticated
in design. Each style of backrest has its merits and a number have drawbacks. It is
important to be aware before making any purchasing decisions what the pros and
cons might be for each design.

The aim of the backrest should be to offer support to a significant proportion
of the back. As a minimum, this support should be available from around the small
of the back to just below shoulder level. As the small of the back is usually concave
when an individual adopts a suitable sitting position, the backrest should be shaped
so that its lower section, the lumbar support, fits neatly into the small of the back. To
execute this efficiently, the lumbar support should be capable of being moved rela-
tive to the seated user, or the material of the backrest should be capable of molding
around and supporting the individual. The lumbar support can be moved in a number
of ways depending on the design of the chair.

The most usual method of moving the lumbar support into position is to move
the whole of the backrest up or down. Alternate methods include sliding the lumbar
roll up and down inside the backrest. Some chairs have contoured backrests with
distinct lumbar areas but the whole backrest is fixed to the seat offering no form of
adjustment. Given that users will come in different shapes and sizes, it will be rather
hit-and-miss whether, once they sit down, their lumbar region lines up properly with
the immovable curve of the seat. If it does not line up the individual will be forced to
adopt a posture dictated by the design of the seat. If such a mismatch is evident the
user should not be expected to sit in the seat.

In addition to offering a feature to change the position of the lumbar support,
backrests should be capable of tilting. This will enable users to vary their sitting
position, within an acceptable range, throughout the day.

Some backrests have what is referred to as a synchronized or rocker motion. This
means that the backrest moves backward and forwards as the individual moves and does
not actually lock in a predetermined position. Although this is advertised by suppliers
as being beneficial, many users find it irritating because they want support from a solid,
non-moving surface. This should be taken into account when making selections.

A number of seats have been designed so that as the backrest is tilted, the seat
tilts also. Although there may be merit in offering the user greater choice over how
they sit, the design should not dictate a posture to the individual. This can occur if
the seat and back move in unison so that the position of one dictates the position of
the other. If a chair is intended to provide this combination of adjustability, it should
be offered in a way that allows the user to alter the seat and backrest independently
of each other.

Some users believe that they require high backrests and some request the provi-
sion of seats with head supports. A higher backrest does not necessarily mean better
support. Some users find that higher backrests, which cover the area from the small
of the back to the nape of the neck, actually interfere with the movement of the
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shoulders and arms as they work. Only a full trial of a seat will indicate whether this
is likely to happen.

The use of a seat with a head support has to be questioned in a work setting. To use
this feature effectively, the individual has to deliberately lean the head back onto the
rest. This is likely to be set in a position from which the user cannot hope to view the
screen adequately and comfortably. The head support is effective only when it is being
used as a headrest, when the individual is not actively working with the computer.

Some smaller users may find it hard to use the backrest effectively. This usually
results from the seat being too large. If the small user sits back in the seat, the leading
edge of the chair will protrude into the backs of the knees, making them uncomfort-
able. As a consequence, small users tend to perch on the front of their seats, losing
all support from the back of their chair. These individuals should be provided with
alternative chairs that have reduced dimensions, thereby allowing them to sit back
in their seats.

2.4.3 ARMRESTS

Armrests should be considered a serious topic for discussion. Many workers in
an office have a number of misconceptions regarding the presence, or absence, of
armrests. Typically, armrests were considered to reflect the rank of an individual
within the hierarchy of a business. The higher up the chain an individual was, the
more likely they were to have armrests on their chair—which itself would typically
be bigger, more sophisticated and more expensive than anyone else’s chair.

A number of users believe that it is a legal requirement to have armrests on the
chair. This is not the case. Other users think that they are less likely to develop an
upper limb disorder if they have armrests. This is also untrue. Armrests, particularly
poorly designed and badly positioned armrests, can create problems for users if they
are permanently attached to the chair. The main problem is that some armrests pre-
vent users from sitting as close to the leading edge of the desk as they might wish. As
a consequence, users are presented with a greater reaching distance than they might
prefer between them and the keyboard or mouse. To overcome this hurdle, they either
extend their arms forward, which increases the workload for the arms, or they sit on
the front edge of their seats thereby losing all support from the backrest.

Some users think they can avoid this problem by lowering their seats, which
will enable the armrests to move under the desk surface as they pull the seat close
to the desk edge. Unfortunately, this tactic will only create new problems. As the
chair is lowered, the height of the worksurface, keyboard, and mouse rises relative
to the user’s seated position. The user will then be forced to raise the shoulders and
arms in order to reach the keyboard and mouse. Static muscle work will be required
to hold the arms and shoulders in the raised position and this is extremely fatiguing
and likely to result in discomfort (Pheasant and Haslegrave, 2006). The individual is
unlikely to change their position until they stand up and leave the workstation, which
might mean that some continue to work in this irregular posture for several hours at
a time without interruption.

Some armrests take into account the user’s need to be able to sit close to the
worksurface. Some are adjustable for height, which allows them to be lowered to
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get them out of the way if required, and some can be adjusted in width, which
allows larger users to be accommodated. A number of armrests have been reduced
in overall length so that their upper supporting surface does not extend the full
length of the seat, which would normally result in them coming in contact with the
desk edge as soon as the chair is moved towards it. Other armrests can be rotated
so that they move from extending forward to extending backward and are, in effect,
out of the way altogether.

If armrests are present, they should be capable of being used in a way that offers
support to the user’s forearms but does not interfere with the way the user works. The
user should be able to move their arms freely as they reach for objects and as they
operate the keyboard and mouse.

Should any individual be working with a chair that has armrests that are prov-
ing to be a problem, they can usually be removed easily. Most often the armrests are
attached to the main frame of the seat as secondary parts and can be removed with
the aid of spanner or Allen wrench (Allen Key).

2.4.4 ADJUSTMENT MECHANISMS

The key feature of any adjustment mechanism should be that it is easy to use from
the seated position. Any adjustment that requires the user to stand up to operate the
control is not appropriate for use. If controls are complex, users are unlikely to take
the time to familiarize themselves with the controls and will not use them effec-
tively, if at all. This statement is true of the chair’s whole design. If a chair is very
complex, users often fail to utilize it to its maximum capacity and often fail to use
any of the functions properly.

The one adjustment mechanism that is least likely to be used on a chair is the
tension adjustment found under the seat itself. The intention behind this particular
control is to change the setting of the seat so that when a big, heavy user tries to lean
back, there is sufficient resistance in the movement of the backrest to prevent them
from feeling they are going to fall off the seat. When a smaller, lighter user sits in
the same seat, they should change the tension setting so that less effort is required
to alter the tilt on the backrest as they lean on it. Many users are unaware that such
an adjustment exists.

Diagrams on each adjustment feature that offer intuitive explanations for the use
of that adjustment are helpful. Training before using a chair is an absolute necessity.
It should not be assumed that users already know how to use an adjustable chair
and know what sort of posture to adopt. In addition, complete reliance upon on-line
training packages or the viewing of DVDs or videos illustrating how to use work-
station furniture is misguided. Many users are unable, or unwilling, to transfer what
they see by way of a demonstration into their own working position. Ensuring that
users adopt suitable working postures can only be achieved by observing each of
them briefly at their own workstations and offering them advice if needed. If this is
to be effective, advisers or assessors should have a good working knowledge of the
equipment in use so that they can provide clear instructions, and demonstrations if
required, on how to make alterations.
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2.5 ACCESSORIES

There are a number of items that are usually categorized as “accessories” in office
supply catalogues. These include footrests, wristrests, document holders or copy
stands, screen risers, telephone headsets, and reading slopes.

2.5.1 FOOTRESTS

As indicated in chapter 1, if a user’s feet do not touch the floor once they have altered
the chair so that they are sitting at a suitable height relative to the desk or keyboard,
they should be provided with a footrest. As the footrest is taking the place of the
floor, it needs to offer a number of characteristics similar to the floor. It needs a large
surface area so that it can comfortably support both feet without them tending to slip
off. The surface needs to be covered in a non-slip material. Some footrest designs
provide plastic surfaces intended to prevent the feet from slipping; however, trials
will show that not all of these types are successful.

Ideally, as users have varying statures and thus have different leg lengths, a
footrest should be adjustable for height and preferably tilt. If a user has a desk that
is divided into two distinct work areas, which commonly happens with an L-shaped
arrangement, they should be provided with two footrests—one for use under each
section of the desk. Users who find that their feet do touch the floor once they have
adjusted their chairs should not use footrests for the reasons identified in chapter 1.

2.5.2  WRISTRESTS

Wristrests are long sections of gel-filled fabric intended to lie in front of the keyboard.
The biggest mistake people make is to assume that they should lean their wrists on
these rests while they are keying. These rests should only be used when the user is
not keying and should only be employed when the user is simply resting the hands.
If individuals adopt the postures described in chapter 1, they will find that their
hands “hover” over the keyboard. When this is the case, they can rely on the larger
muscles in their arms to reposition their hands relative to particular keys. If, however,
the user leans on the wristrest while attempting to operate the keyboard, they will
effectively be “anchored” in place and will only be able to reach individual keys by
extending their fingers. This is not a suitable way to work. Should an organization
provide wristrests to users, they must also provide appropriate accompanying infor-
mation so that users are not under the illusion that they must lean on the wristrest
while operating the keyboard.

2.5.3 DocuMENT HOLDERS

Document holders, or copy stands, should be provided in situations where an indi-
vidual has to refer to documents while interacting with the screen or keyboard.
Typically, many users place their source material on the desk surface alongside their
keyboard. As a consequence, as they look down they have to bend the head and neck
forward. They will also have to rotate the head repetitively as they look from the
document to the screen. Neck posture has been found to be a risk factor for neck pain
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(Delleman 2004), therefore, working in this manner is likely to result in discomfort
in the neck. Using a document holder that presents source material at the same height
and at the same distance as the screen has been shown to reduce postural loading
on the neck muscles considerably (Pheasant and Haslegrave 2006). It is also worth
keeping in mind that documents located on the desk surface are presented at a dif-
ferent viewing distance from that of the screen. Therefore, each time the user looks
from the document to the screen and back again they have to refocus their eyes. Such
refocusing increases the workload for the eyes and many users might experience eye
fatigue or headaches as a result.

Some may argue that the documents they work with are far too big to place on
a document holder. Copy stands have been designed to accommodate a whole range
of document sizes which should assist most users. Others may argue that they have
insufficient space on their desk to support a copy stand. However, there are holders
that can be attached to the side of the screen, or they could select one intended to
fit in the gap between the screen and the keyboard, presenting the documents in a
midway position.

2.5.4 ScreeN RISERs

The importance of presenting the screen at the appropriate height relative to the user
was outlined in chapter 1. However, many users find that they are offered only two
choices when it comes to setting up their screen height: they can either have it on the
desk or they can have it sitting on the hard drive on the desk. For many female users,
having the screen on the hard drive presents the screen at too high a level which
causes them to work with their heads raised. For many male users, having the screen
on the desk surface presents it at too low a level causing them to work with their
heads and necks bent forward.

Screen risers can be purchased in a simple building-block platform style or in a
more complex articulating arm form. Both styles can be equally effective. The build-
ing-block platform style allows the individual to add an additional level to the stack
until the screen is at an appropriate height.

Articulating arms come in two forms: one with a flat plate that supports a tra-
ditional CRT screen above the desk and another that incorporates a clamp that
attaches to the back of a flat screen. These arms are usually adjustable for height
which enables users to set the height of the screen to suit their own preferences; the
arms also usually allow users to pull the screen forward or push it back and sideways
which allows them to free up desk space when not performing screen-based work.

2.5.5 TeLepHONE HEADSETS

Despite the fact that increasing use of e-mail has reduced the need to make telephone
calls, there are still many workers who have to talk on the telephone for lengthy
periods or repeatedly through a working day. Although organizations that operate as
dedicated call centers are set up to accommodate this work and distribute headsets
to avoid the need to use telephone handsets, there are many offices where the handset
is clamped between the ear and shoulder, usually as the individual inputs informa-
tion into the system or accesses information on the screen. This results in static
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muscle tension, which can lead to discomfort in the neck (Pheasant 1991). Telephone
headsets should be made available to anyone who performs a task that demands
using the telephone at the same time as interacting with the computer.

2.5.6 READING SLOPES

Some individuals will be involved in tasks that require them to read large quanti-
ties of documentation for extended periods. Many of these individuals spend long
periods leaning forward over their desks with their heads lowered toward the source
documents. This can, over time, lead to discomfort in both the neck and lower back.
This situation can be resolved with the provision of a reading slope—sometimes
called a reader’s or editor’s portable desk—assuming that the desk height cannot be
altered easily. This slope simply raises the documents towards the user at a conve-
nient angle (some are adjustable to several different angles), thereby reducing the
need to lean forward.

Similar surfaces have been advertised by office equipment suppliers for use
with keyboards or laptops. Care should be taken when considering the use of such
equipment. The user should not be required to operate the keyboard either with the
arms raised or the hands bent up at the wrist.

2.6 SUMMARY

e Despite the fact that many brochures try to assure purchasers that their
workstation furniture will accommodate many different users, as well as
meeting any legal obligations, many desks fail from a usability/functionality
perspective once introduced into a real working environment.

» Fixed-height desks, if used in conjunction with fully adjustable chairs, are
perfectly acceptable for use in an office.

e The only individuals who may have difficulty in using fixed-height desks
are very tall or short people and people with specific disabilities. As long as
short people are provided with suitable adjustable chairs, they too should be
able to use standard fixed-height desks.

» Tall individuals need adjustments to their desks in the form of either retrofit
attachments to increase the leg length of the desk or an alternative desk
design, possibly a height-adjustable desk.

* Height-adjustable desks come in various forms. They can have telescopic
legs that can be extended; they can have a crank handle that is rotated to
raise or lower the desk; or they can be electrically powered and adjusted
using a small panel embedded in the desk surface.

» Features on the undersurface of the desk should not compromise an indi-
vidual’s sitting position.

* One of most important features of the desk is the surface area available. It
should be sufficient to allow users to arrange their screens and keyboards
one in front of the other and directly in front of them.

¢ The depth of the desk should be sufficient to allow users to position the screen
about fingertip distance away from them when in their at-work position.
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The screen should not be positioned to one side of the seated operator so that
it causes them to rotate their head to look at it or to twist their upper body. The
user should always be able to sit directly in front of the screen and keyboard
when they are in use.

The styling of worksurfaces should not compromise the way in which an
individual works. Care should be taken that the worksurface styling allows
the equipment to be laid out correctly and should permit the user to adopt a
comfortable working posture.

The desk surface needs to be big enough to accommodate the mouse,
documents, copy stand, and telephone if in use.

Desks should undergo properly managed trials before decisions are made
about their purchase and introduction to the workplace to ensure that they
suit the individuals and the task being performed.

Leading edges on desks should be rounded or bull-nosed to prevent com-
pression of tissue in the wrist area.

The layout of the worksurface should be such that all items used for
extended periods or regularly fall within the normal work area which
means within easy reach. Items used on an irregular or infrequent basis
can be stored in the zone of convenient reach which can be reached with a
fully extended arm.

Items should not be stored on the floor around the seated user as this will
require stooping or twisting to reach towards them. Such users should be
provided with either a larger surface area or a trolley to accommodate
the overflow.

The undersurface of the desk, both front to back and side to side, should allow
users to move their legs freely and change position without hindrance.

The location of drawers should be carefully considered so that they do not
limit the control users have over where they sit at a desk.

Cable management should be easy to use so that it does not discourage people
from storing cables in the management system after desks have been moved
around the office or equipment has been repositioned. Cables should not lie
around the user’s feet.

Full consideration of task demands should be made before partitioning is
introduced, as well as the likely impact on the psycho-social element.
Partitions can result in isolation and can have a negative impact on group
cohesion.

Partitioning is most suited to jobs requiring confidentiality or to individuals
who use the phone frequently which may distract other workers.

Computer users should not be required to sit on anything other than a fully
adjustable chair when working.

The chair should be adjustable for height.

The backrest should be adjustable for tilt.

The lumbar support on the backrest should be capable of being repositioned
relative to the lumbar area of the seated user.

The chair should have a five-star base on casters.

The chair should have sufficient padding to ensure the user is comfortable.
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High backrests and head supports on chairs are not an absolute necessity and
careful consideration should be given to whether they are required before they
are introduced.

Head supports are usable only when the head is rested on their surface and
this makes reference to the screen more difficult.

Care should be taken that smaller users have not been provided with chairs
so large that they find it difficult to sit back against the backrest.

Armrests on a chair should not cause an obstruction when the user tries to
sit close to the leading edge of the desk.

Users should not lower their chairs in order to get their armrests under the
desk so they can sit closer to the work surface. This will cause them to sit
too low relative to the desk and keyboard.

Problematic armrests should be removed.

Ideally, armrests should have a degree of adjustability both for height and
width settings.

Any adjustment mechanism on a chair should be easy to use from a seated
position. Any adjustment that requires the user to stand up or is complex
will not be used properly, making it unlikely that the user will adopt an
appropriate sitting position.

Users should be given thorough training in the use of their chairs, the adop-
tion of appropriate working postures and how to use their workstations.
Footrests should be given only to users whose feet do not touch the floor
once they have adjusted the height of their chairs.

A footrest needs to have a large surface area; it needs to be covered in non-
slip material; and ideally, it should be height- and tilt-adjustable.

Users should not lower their chairs to get their feet on the floor. This causes
the height of the keyboard and desk to rise relative to their seated position
and forces them to work with their arms raised.

If wristrests are provided for use in front of the keyboard, users should be
advised not to lean on these while they are keying. This will cause them to
overextend their fingers.

Copy stands should be provided for individuals who work from documents
while interacting with the computer. The stand should present the docu-
ments at the same height and distance as the screen.

The screen should be set at a height suitable for each individual who might
sit at the desk. The most effective way of doing this is by using either an
articulating arm or building-block style platforms.

Individual who are required to make lengthy or regular phone calls should
be provided with headsets. They should not clamp the handset of a tele-
phone between shoulder and ear.

Individuals involved in lengthy periods of reading or writing should be pro-
vided with a slope that raises the documents up towards them. This will
eliminate the need to bend forward.
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3 Workstation Trials

3.1 INTRODUCTION

Many an organization has wasted significant money by investing in inappropri-
ate or poorly designed workstation furniture. Glossy brochures sell the idea that
the furniture will meet every possible need that an employer might have. Office
furniture showrooms present a pristine environment filled with shiny new desks and
attractive chairs. In both cases, the superficial qualities of the equipment can have an
immediate impact on decision making. Unfortunately, decisions made on the basis
of a few minutes of viewing or testing will not provide a clear indication of how
successful that equipment might be once used in a real work environment. Getting
a true appreciation of the likely success of any piece of equipment—whether a desk,
chair, footrest, document holder, or anything else—is possible only after the equip-
ment has been used during the performance of normal work in the real environment.
This illustrates the importance of having equipment on trial before committing to
purchasing it, particularly if large numbers are involved.

If trials are to yield helpful information they need to be designed and managed
carefully so that usable feedback can be collected. The feedback is the means by
which an organization will identify accurately whether selected equipment is suit-
able for the work being performed and whether the workers actually like it.

Trials can last a number of hours, several days, or even weeks. The duration and
complexity of the trial is very much reliant on the nature of the equipment on trial,
its likely impact once introduced into the working environment and the number of
individuals who might use the equipment. For instance, a reading slope intended to
be employed by one person might be used on a trial basis by the intended user for
just a few hours. In contrast, an organization undertaking refurbishment may intend
to introduce new desks and chairs for 800 employees, which would require a much
more involved process of selection, short-listing and trialing.

Before starting the process of selecting furniture to include in a trial, the indi-
vidual given responsibility for drawing up the shortlist should be in a position that
ensures a complete understanding of what the users’ tasks entail and what those
users need to complete their tasks accurately, efficiently, safely, and comfortably.
The trial manager should then prepare a list of requirements to offer potential equip-
ment suppliers.

Some of the methods for generating an understanding of what the users’ work
involves include direct discussions with the individuals performing the work and their
managers or team leaders, reading job descriptions or standard operating procedures,
conducting surveys and conducting a task analysis.
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3.2 TASK ANALYSIS

A task analysis is a formal method for both describing and analyzing the performance
demands placed on an individual within the working environment. It is distinct from
a job analysis which provides a breakdown of the activities, on a more general level,
performed by a particular individual within an organization. A job analysis usually
takes the form of a list of activities, duties, or responsibilities associated with the
particular role under scrutiny. As part of the process of task analysis, complete tasks are
systematically broken down into components and subcomponents; the result is referred
to as the “task description.” This can be achieved successfully only by observing a
skilled individual over an extended period while recording each activity/movement.

At the end of the analysis a profile will have been generated that specifies (1) the
task requirements, such as operating the keyboard (possibly differentiating between
alpha and numeric work), using the mouse, answering the telephone, reading docu-
ments, using a pen, and so on; (2) the task environment, such as operating the mouse
on the desk surface; and (3) the task behavior, which provides insight into how the
user is working—for example, reaching across the desk to the mouse or holding
a pen in the hand while inputting numerical data. Task behavior is influenced by
previous experiences and training and limited by psychological and physiological
factors (Stammers and Shepherd 1995).

In addition to specifying exactly what the individual’s tasks involve, the task
analysis provides a structured breakdown of how long is spent on each component
or subcomponent and what percentage of the overall task that aspect represents. One
goal of this process is to enable the employer to identify the priorities in the task
by recording either what element of the task is performed for the longest period of
time or which element of the task is performed most often throughout the working
period. By carrying out this procedure, the employer will get a profile of what any
new workstation furniture has to achieve in terms of enabling users to complete
their work effectively and efficiently. Also, developing a methodical sequence of task
demands enables employers to compare the sequence with what is already known
about human capabilities. This process allows them to identify inefficiencies in the
current work—inefficiencies in this context meaning ergonomic inefficiencies where
the user is working in a manner that is not ideal. For example, the task analysis may
highlight that a significant feature of the work is telephone answering. Reference
to the desk layout may reveal that the telephone is located at the most distant point
on the desk which results in repeated reaching as the user picks up the handset. In
addition to highlighting the poor workstation layout, the task analysis might pinpoint
the need for a headset as an alternative to holding the handset of the telephone to the
ear repeatedly for extended periods.

The task analysis can also aid in identifying the skills required to complete the
tasks successfully or, perhaps, the training needed to develop the skills. Obviously,
to provide such information the task analysis should be thorough and include all
components and subcomponents of the tasks. This underlines the importance of
taking the time to generate a thorough task description prior to starting the analysis.
The description details the step-by-step actions and movements involved in the
operation being observed.
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3.2.1 STARTING THE PROCEDURE

At the outset of the task analysis process, there should be agreement on what the
analysis should achieve. This will allow decisions to be made about how the analysis
will be carried out. For instance, how many individuals will be observed, and how
many at what level within the organization? To establish exactly who would be con-
sidered representative of the organization’s working population, the appropriate
personnel with access to this information should be involved in the decision-making
and planning process from an early stage. The users who will be the focus of the
observations need to be informed about the process and confirmation needs to be
given that each relevant individual will be available in the specific period when the
task analysis is to be carried out. Consideration has to be given to the fact that even
individuals identified as performing identical tasks may actually perform them dif-
ferently because of personal preferences and this may have an impact on the results
of the analysis.

Having established the aims of the task analysis at the outset of the process,
those compiling the data will be able to collect information that is directly relevant
to the project’s aims. To maintain this, they also need to ensure that they detail the
task components that make up the task description accurately. This suggests that
cross-referencing with other individuals performing the same task is advisable.

Consideration should be given to whether more than one type of operation is
performed at the workstation at different times. For instance, an individual might
perform dedicated screen-based operations on some days but clerical duties on other
days. Attention needs to be paid to whether more than one operator will use the same
workstation during a 24-hour cycle, as with a multiple shift system in a call center.
Steps need to be taken to ensure that a representative sample is covered during the
analysis. If particular tasks cannot be observed for practical reasons, efforts should
be made to ensure that these do not contain elements likely to undermine the findings
of the actual observations. This can be achieved through discussions with relevant
personnel and with reference to any documentation that records details relating to
the tasks.

Decisions have to be made prior to commencing the analysis about whether the
individual carrying out the observations will interrupt the worker being observed to
clarify points or whether they will wait until the end of the observations and then
carry out a “debriefing” session. In the former case, the operation can be performed
and observed in real time, which offers a more realistic view of the demands placed
on the individual. In the latter case, debriefing should be carried out soon after the
observations have ceased to avoid any effects resulting from delayed information
recall by the worker.

If task descriptions—the list of individual components making up the overall
task’s demands—are being developed on the basis of documentation such as job
descriptions or training materials, it should be kept in mind that these documents
may not record every step in a sequence of steps; they may not provide sufficient
detail to allow for a proper analysis; the contents may include ambiguous wording; or
the writer may have made a number of erroneous assumptions about the operation. In
addition, the contents of the documents may be out of date even though the document
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itself has been produced quite recently, perhaps because the document was based on
information that was collated some time before the document’s creation.

Task descriptions can be generated through discussions with personnel, either
through formal or informal conversations with individuals or by administering a
questionnaire. Care should be taken to select the personnel who are likely to offer the
most accurate information relating to the task demands. That is not to say that only
experienced employees should be involved in this process. Long-term employees
may have developed working practices that would not be deemed appropriate and
would not be advisable to perpetuate, even though they themselves may perceive
their own working practices as “normal” and acceptable. Clearly, designing and
selecting a workstation to accommodate poor working practices would not be an
advisable strategy.

3.2.2 INFORMATION COLLECTION

The driving force behind the observations should be that all information collected
will address the issues of concern. Those collecting the information should not be
open to criticism that they were biased in the sense that they focused only on task
features that they considered important. A record should be made of exactly what
has been observed, in what environment, with what equipment, and who was per-
forming the task. Creating formal records contributes to the development of an audit
trail that later could become important in illustrating how purchasing decisions were
made and the rationale behind them.

During the course of the data collection, if the analyst identifies any conflicts in
terms of how they understand the task should be completed, having read documented
explanations, and what they are observing, they should inquire why such conflicts
are apparent. If the session is being timed, the questions should wait until the session
is over so that the user is not interrupted. To avoid any confusion or conflicts during
the actual data collection, it is always useful for the analyst to observe an untimed
run-through of the task during which queries can be addressed.

If an individual is describing a task during its execution as a means to expand
on the data collected by the analyst, the worker may need to be encouraged to offer
sufficient detail about actions and movements. To facilitate this, the worker should
be given an explanation of the purpose behind the task analysis. The analyst needs
to be alert to the fact that the worker may, during the description of the task, move
away from the focus of the analysis and start to discuss unrelated or irrelevant topics.
Alternatively, if the analyst becomes aware that the user is reluctant to describe the
tasks or becomes hesitant during the discussions, the analyst should investigate this.
Group discussions might give individual users more confidence when providing
information. However, care needs to be taken that senior members in the group do
not monopolize the discussions.

When the actual observations are being carried out, it is quite useful to make a
video recording of the operations as well as observing directly. This allows clarifi-
cation of details at a later point and avoids the need to request the user to repeat an
operation or movement. Many people, however, become self-conscious when being
videoed and this may have an effect on performance. For that reason, it is advisable
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to video for a longer period of time than might be considered necessary. This will
allow the person being videoed sufficient time to settle into working and forget about
the camera.

3.2.3 RECORDING INFORMATION

Having acquired a full understanding of the task, the analyst will record its constituent
parts, breaking it down continually into a series of subtasks until they believe they
have detailed every element. This is referred to as a “hierarchical task analysis”
(HTA). Once the full list has been generated, the analyst can then augment this
with additional information, such as the time taken to execute each element of the
task. Table 3.1 shows a simple example of a task analysis sheet completed during the
observation of a secretarial task. The sheet also records the frequency with which
individual subtasks are performed and the length of time spent on any one subtask
throughout the period of observation.

Acquiring information about what is being done and how it is being done will
help to highlight any mismatches between what the individual is required to do and
what facilities they have been given to complete their work. This will enable the
development of a clear understanding of needs for future equipment provision, so
that the equipment is selected specifically to meet the needs of the user.

3.3 TRIALS

The task analysis process enables individuals responsible for producing specifi-
cations for office equipment to generate an accurate list of requirements that will
adequately accommodate the user’s needs. For instance, they might suggest a desk
unit with a particular surface area, or a keyboard without a number pad if the task
analysis highlighted that the integral number pad was not being used. This list can
be given to the equipment suppliers who should then be in a position to state whether
they have any equipment that matches those requirements. The suppliers are likely
to present an inventory of possible solutions to the decision maker.

Once suppliers have provided the inventory to the decision maker, a shortlist
needs to be drawn up. It is always preferable to assess all suggested items of furni-
ture in person, rather than simply reading a spec, before drawing up a shortlist. This
will help to weed out desks or chairs with design inadequacies that are not obvious
from advertising material, or have not been mentioned (or even recognized) by the
supplier. Although this may sound like an enormous task, the process of elimina-
tion is not always hugely time-consuming since some equipment will be obviously
unsuitable. In addition, when confronted with a series of chairs by one supplier, it
is worth bearing in mind that a comparison between seats, ranking them in order of
comfort/discomfort, can be made within a few minutes (Helander and Zhang 1997).
This might provide an initial starting point for creating a shortlist.

Once the shortlist has been generated, arrangements should be made for all of the
items to be delivered to the employer’s site so that they are all available for inclusion
in a trial. The trial allows testing of the equipment under controlled conditions. These
conditions should be as realistic as possible because it is the combination of the user
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performing tasks in conjunction with the equipment that creates the “interface,” and
it is the interface that is being evaluated. The trial allows the interaction between the
equipment and the user to be systematically observed and measured. The use of the
term “trial” suggests that the equipment design is in its final form and will be intro-
duced into the workplace without change once the exercise is complete, assuming
it is identified as suitable. “Prototyping,” on the other hand, is a phase employed to
describe testing a suggested design prior to the final trial. This is likely to be done
in situations where a workstation design has been tailored specifically to meet the
needs of a particular individual or operation within a workplace. For instance, in a
control room environment that employs CCTV (closed circuit television), a standard
desk is unlikely to be appropriate. Therefore, a custom-made workstation design
might be required. Before this is engineered and constructed in its final form, a pro-
totype can be tried out. This process involves the creation of the unique workstation
in rough form, for instance in chipboard. This enables the user to test the dimensions
and layout of the suggested design before making the commitment to invest in the
full cost of producing the workstation in the final form. Modifications can be made
to the design to make it more suitable for the intended task without incurring the
expense of commissioning a whole new finalized workstation.

Individuals selected for participation in the trial should be representative
of those who are likely to use the equipment in the future in terms of the type
of work they perform. They also need to have characteristics, both physical and
psychological, that are considered representative of the likely user population. The
types of characteristics to consider include general characteristics such as age and
gender; physical characteristics such as height, weight, motor control, and visual and
auditory capabilities; cognitive characteristics such as problem solving and decision
making; personal characteristics such as motivation and attitude; and experience
characteristics such as training, skill base, and familiarity with equipment in use. To
achieve this successfully, a profile of the type of people who will be found in the user
population should be developed. Emphasis should be placed on the elements of the
profile that are relevant to the trial itself. Where possible, how the people in the user
group vary across a particular feature should be indicated—for instance, the range
of heights among users.

The number of users included in a trial is usually driven by the number of indi-
viduals who are prepared to participate in it and the circumstances prevailing at
the time the trial is scheduled to take place. Circumstances may limit the number
of individuals who are free to participate; however, to achieve valid results a suffi-
cient number needs to be included to allow for accurate statistical analysis. Although
Rubinstein and Hersh (1984) showed that dependable results could be gained during
a trial involving no more than five people, having more than five in the trial would be
beneficial, particularly if the outcome will have a significant impact on the decision-
making process and likely investment by the organization. If an organization has
no choice but to have only a small number of individuals in the trial, it should be
expected that even a small number of individuals is likely to be sufficient to identify
the most extreme problems with new equipment.

Having selected the individuals who will participate, trial managers must consider
the type of work that should be performed during the trial. The aim should be to use
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the equipment under conditions that are as nearly normal as possible. However, many
users will perform a variety of tasks at different points in the day or at different times
of the week. The trial manager should ensure that whatever work is performed during
the trial, all of the attributes of the proposed workstation equipment should be used so
that the equipment is properly tested and that the product use is typical of what would
occur when not under trial conditions. For instance, the sequence of tasks performed
should be logical and typical of what would be performed in the non-trial setting.

The trial needs to be scheduled with a strict timetable so that all those partici-
pating know exactly when they will be using any particular piece of equipment,
and for how long. The procedure followed should be consistent for each individual
participating in the trial.

To run trials effectively, it is advisable to minimize disruption of the employees’
work. To that end, if each employee participating in the trial is required to try several
chair and desk combinations, it is helpful to schedule the trial of any combination
so that it coincides with the first part of the working day or the second part of the
working day. In effect, each combination would be used for about three or four hours.
Fernandez and Poonawala (1998) showed that a stable rating of the comfort of a work
seat could be obtained after three hours.

Prior to commencing the trial, all participants need to be thoroughly briefed so
that they understand exactly what they were committing to, how the trial is to be
run, and how their feedback is going to be recorded. This has to be backed up by a
trial manager who will be available during the trial to remind individuals about the
process involved. The trial manager should be a good communicator and be able to
build a good rapport with the users quickly.

Information from the trial can be collected during interviews with the users,
through questionnaires, by direct observation of the users when working with the
equipment on trial or by the collection of objective data. Information collection does
not have to be a complicated, involved process. Useful information can be collected
using very simple methods, such as basic rating scales.

Traditionally, interviews are carried out on a one-to-one basis; however, group
interviews are more common when products are being evaluated. At the start of the
interview, users should be put at ease before the critical data collection questions are
posed. They should then be steered subtly so that they offer a general evaluation of
the product and describe any difficulties they have encountered when using it. Users
tend to remember and focus on negative experiences more than positive ones, so it is
important to encourage them to relay positive experiences as well as negative ones.
They may need to be prompted to evaluate attributes of the equipment that, under
normal circumstances, they would not normally think about. The trial manager
needs to be able to make the users aware of the product attributes without influenc-
ing the users’ impressions of them. This process can be assisted by carrying the
interviews out in close proximity to the equipment used during the trial so that users
have an opportunity to consider particular characteristics previously overlooked, or
so that they can demonstrate important points. During the interview, users should
also be encouraged to suggest how the product might be improved. They also need
to feel that their contribution is worthwhile.
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Questionnaires can be used to collect information relating to the use of the equip-
ment and the users’ perception of that equipment. Questionnaires, or feedback forms,
can include open-ended or closed questions. Open-ended questions do not limit the
answer that can be given by the user. For instance, the questionnaire may ask users
what they thought about the ease with which a chair could be adjusted. Answers to
such an open-ended question require more involved and time-consuming post-trial
analysis and coding by the trial manager. A closed question limits the choices that
users have with regard to the answer. They are provided with a predetermined set of
answers to each question, and they select one answer that best describes their views
on a particular attribute of the equipment. Closed questions may simply require a
“yes” or “no” answer. Rating scales can be used to measure the user’s views on
equipment characteristics, or a ranking scale can be used to allow the user to place
equipment in order of preference with regard to particular attributes.

Table 3.2 provides an example of a feedback form that can be used during a trial
involving new desks. Table 3.3 gives an example of a feedback form that can be used
during an extended trial involving individual seats. Table 3.4 shows a feedback form
that can be used during a simultaneous comparison of three seats.

The location where the trial occurs will be determined by a number of variables,
such as space. Wherever it is located, the trial manager should ensure that the con-
text in which the trial takes place is representative of the context in which the user
works. For example, the environmental features of an office, such as lighting levels,
the temperature, humidity and noise level all influence the user’s overall perception
of their working environment. For that reason, it is always preferable to conduct the
trial in the user’s own working environment.

One of the major failings of trials can result when a full evaluation of the collected
information does not take place. In that case, an opportunity to identify faults in the
design will be lost. A thorough and systematic analysis of the data collected will
provide the trial manager with a strong indication of the likely suitability of any
equipment included in the trial.

3.4 THE ROLL-OUT

Having selected the equipment based on the results of the trial, the organization has
to consider how it will introduce the new product into the workplace. There are a
number of strategies available that will determine, to an extent, the ease with which
the workforce will accept the changes. It should be kept in mind that despite the
fact that the new equipment is intended to improve the working environment, many
people will be reluctant to accept the need for change, even if seemingly minor. Many
of them will find the experience stressful because they may perceive the changes to
be out of their control and this may create feelings of uncertainty.

There is a tendency for employees to accept a completely new environment more
readily than changes to an existing environment. Unfortunately, few organizations
have the luxury of starting with a “greenfield” site where everything is new. Most
organizations undergoing trials of new equipment are likely to be adding to what
is already in place. Some of these organizations will wait until staff finish work on
a Friday night, then have the refurbishment team work over the weekend changing
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TABLE 3.2A
Sample Feedback Form for Use during a Trial of New Desks

DESKING TRIAL

Itis ESSENTIAL you read the information below
BEFORE you answer the questions overleaf

Purpose of the trial

It is a very important part of the furniture selection process to seek the opinions of those who will use it.
This trial is just one of several stages of seeking such opinions.

There are a number of different workstations on trial and we would like you to evaluate just three,
selected at random, and use each of them for half a day. In your case we want you to compare

X Yl

What we want you to do

These trials are to compare 11 key usability features of the workstations.

To make the comparison fair it is important you adopt a standard posture at each workstation — as
illustrated below. To do this:

1. Sit in front of your computer as normal and arrange the keyboard
and mouse so they are close to you.

2. Set your chair height so that your elbow is level with the middle row
of the keyboard and your feet are flat on the floor or footrest.

3. Adjust your chair so you are fully supported by the backrest.

From this ‘standard’ starting posture, please compare the 11 features opposite and identify how the
workstation in use scores on a scale of one to seven as follows.

Very good
Good
Slightly good
Satisfactory
Slightly poor
Poor

Very poor

NOAARWN =

Complete one section of this form after you have used the first workstations for half a day. Repeat after
using the second and third workstations for half a day.
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TABLE 3.2B
Sample Feedback Form for Use during a Trial of New Desks

Space for keyboard
Ability to arrange the keyboard in a comfortable position relative to you, your mouse and your
monitor.

Space for mouse
Ability to position the mouse for comfortable and unhindered use.

Space for monitor
Ability to position the monitor at a comfortable viewing distance, position and angle to minimise
head and neck movements.

Space on the workstation
Space to arrange desktop items such as telephones to minimise frequent head and neck
movements, overstretching or without feeling cramped.

Space for paperwork
Ability to position papers, reference material etc. in comfortable and convenient positions.

Thigh clearance beneath worksurface
Ability to sit at all areas of the workstation without catching your thighs on the underside.

Knee clearance beneath worksurface
Ability to sit at all areas of the workstation without your knees coming into contact with
anything on the underside or underneath.

Lower Leg clearance beneath worksurface
Ability to sit at all areas of the workstation with your lower legs in a comfortable and
uncramped position.

Access to all areas of the workstation
Ability to move freely across all areas of the workstation (e.g. to access your pedestal) without
being impeded by anything on the underside or underneath.

Appearance of the workstation
Consider the style, shape and design of the worksurface, legs and frame. Do not consider the
materials and colour - they will be selected later.

Overall suitability
All things considered, compare each workstation for suitability for the work you do.

General comments
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TABLE 3.3A
Sample Feedback Form for Use during an Extended Trial Involving Individual
Seats

SEATING TRIAL

itis ESSENTIAL you read the information below
BEFORE you answer the questions opposite

Purpose of the trial

It is a very important part of the seating selection process to seek the opinions of those who will use it.
This trial is just one of several stages of seeking such opinions.

There are too many different seats on trial to expect everyone to evaluate them all. Therefore, we are
asking individuals to compare just three, selected at random. In your case we want you to compare

A B s C

What we want you to do

These trials are to compare key features of the seats. To make the comparison fair it is important you
adopt a 'standard’ posture for each seat - as illustrated below. To do this:

1. Sit in front of your computer as normal and arrange the keyboard
and mouse so they are close to you.

2. Set your chair height so that your elbow is level with the middle row
of the keyboard and your feet are flat on the floor or footrest.

3. Adjust your chair so you are fully supported by the backrest.

Complete one questionnaire after you have used the first chair for half a day.
Complete further questionnaires after using the second and third chairs for half a day.

Allow approximately 15 minutes to complete the questionnaire.
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TABLE 3.3B
Sample Feedback Form for Use during an Extended Trial Involving Individual
Seats

All responses will be treated as confidential. We do need to know your name and
job title just in case we need to contact you about any of your answers.

ABOUT YOU
Name: Job Title:

[ Contact telephone number: |

ABOUT THE CHAIR

Are the seat adjustment controls easy to reach and operate from your seated
position?
Seat Height Adjustment Yes [ No [J
Back Height Adjustment Yes [J No [J
Back Angle Adjustment Yes [J No [
Tension Adjustment Yes [J No [
If ‘No’, please give details:
Is the range of adjustment provided adequate?
Seat Height Adjustment Yes 1[I No [J
Back Height Adjustment Yes [J No [J
Back Angle Adjustment Yes [J No [J
Tension Adjustment Yes [J No O
If ‘No’, please give details:
[ If your chair has armrests are they comfortable? [Yes O No [ |
[1s the seat stable? [Yes O No [ |
| Do the castors operate well? [Yes O No [ |
[1s the seat aesthetically pleasing? [Yes [ No [ |

| Does the seat feel and look well designed? [ Yes O No [ |
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TABLE 3.3C

Sample Feedback Form for Use during an Extended Trial Involving Individual

Seats

Please mark on the diagram below, any areas on your seat that you have found to
be ‘TOO HARD’ or ‘TOO SOFT’ for comfortable sitting.

Does the seat provide what you would consider to be | Yes [ No [
good support?

(If ‘No’ Please give details below)

Please mark on the figure below any body areas where you have felt discomfort
whilst using the chair.

Please give details below for the body areas where you have reported discomfort.
Please detail type of discomfort (e.g. pins and needles, numbness, sweating, ache,
pain, etc.) and if possible the cause of discomfort.

your chair.

Please use the space below for further comments you would like to make about
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TABLE 3.4A
Sample Feedback Form for Use during the Simultaneous Comparison of
Three Seats

SEATING TRIAL

Itis ESSENTIAL that you read the information below
BEFORE you answer the questions overleaf

Purpose of the trial

It is a very important part of the seating selection process to seek the opinions of those who will
be using them. This trial is just one of several stages of seeking such opinions.

There are too many different seats on trial to expect you to evaluate them all. Therefore, we are
asking you to compare just three, selected at random. In your case we want you to compare

D Es&cF

What we want you to do

These trials are to compare key features of the seats. You will be shown how to adjust each
seat prior to you completing the evaluation. Once you are familiar with the adjustment
mechanisms we would like you compare the three seats with each other and rank them in order
of preference.

For each seat you will be asked to indicate which one you thought was ‘best’, ‘middle’ or ‘worst'.

We realise that these decisions may be difficult to make, but please answer all questions and do
not rank any of the seats equally for any feature. Simply enter the identification letter, which
can be found on the back of the seat, under the appropriate column to indicate your
preferences.

Allow approximately 15 minutes to complete the questionnaire.

All responses will be treated as confidential. We do need to know your name and job title
just in case we need to contact you about any of your answers.

About you

[ Name: [ |

[ Job Title: [ |

[ Contact telephone number: | |

[ Approximate height: | |

[ Approximate weight: | |
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TABLE 3.4B
Sample Feedback Form for Use during the Simultaneous Comparison of
Three Seats

About the seats

Are the seat controls easy to reach and operate from the seated
position?

BEST MIDDLE WORST

Seat cushion height adjuster
Seat cushion angle adjuster
Backrest height adjuster
Backrest angle adjuster
Backrest tension adjuster
Armrest adjuster

Any comments?

[1s the range of adjustment provided adequate?
BEST MIDDLE | WORST

Seat height adjustment range
Seat angle adjustment range
Backrest height adjustment range
Backrest angle adjustment range
Backrest tension adjustment range
Armrest adjustment range

Any comments?

| General issues:

BEST MIDDLE WORST

Does the seat move around easily on its castors?
Is the seat stable?

Are the armrests comfortable?

Is the seat aesthetically pleasing?

Does the seat feel and look well designed?

Is the seat supportive and comfortable?

Any comments?

[ Overall

BEST

Of all the seats, which do you think is the most attractive?

Any general comments on matters not covered elsewhere?

Thank you for completing this questionnaire.
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all of the desks, chairs, screens, keyboards, and so on. When the staff come back
to work on Monday morning, their environment has changed utterly. The mistake
made by many of these organizations is to expect their staff to resume working as
if nothing had happened. Even when the environment has been changed as a means
of improvement, employees need to be given an acclimatization period to get used
to the changes. From the body’s perspective, everything has changed. The postures
adopted are likely to be different, the support offered by the chair is likely to be
different, the feel of the keyboard will be different. Sudden changes like these with-
out a reduction in the pace of work are often associated with the sudden onset of
symptoms of upper limb disorders, typically pain, tingling and swelling in the arms
and hands.

Some organizations adopt a more evolutionary process in which changes are
introduced gradually, as opposed to the revolutionary approach. The only problem is
that the evolutionary approach can result in the process of change dragging on and
becoming fragmented.

Whatever approach is adopted, the implementation phase is likely to be most
successful if the employees are involved in the process. Including them in equipment
trials is one of the steps in the inclusive approach. There should also be briefings and
discussion groups that include those not involved in the trials so that they understand
what is occurring and why it is necessary. This also allows them the opportunity to
ask questions.

If organizations do face resistance, this will be a result of individual factors such
as perceptions and past experience, organizational factors such as lack of information
and the implications of the change, such as how the users feel they might lose out in
the change process. People will weigh up the positive aspects and the negative aspects
of change and this evaluation will result in resistance if the company does not take a
proactive stance in combating potential negative perceptions. Communicating with
the workforce and increasing their understanding of the process, including them by
involving them in trials, possibly offering incentives (not necessarily financial), and
providing empathetic support are the means to overcome resistance.

3.5 SUMMARY

* A true appreciation of the likely success of any piece of equipment can
only be gained if the equipment is used for normal work in a real environ-
ment. Trials are a means of establishing whether workstation equipment
is suitable.

e Trials should be designed and managed carefully and usable feedback
should be collected during the trials.

* Feedback is the means by which an organization accurately identifies
whether selected equipment is suitable for the work being performed and
the workforce using it.

* The duration and complexity of the trial are determined by the nature of
the equipment on trial and its likely impact on the working environment
once introduced.
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Prior to creating a shortlist of possible furniture, an organization needs to
establish exactly what users’ tasks entail and what they need in order to
complete their work efficiently, safely and comfortably.

A task analysis is one of the most effective ways of generating an under-
standing of what the work involves.

A task analysis is a formal method for describing and analyzing perfor-
mance demands. During a task analysis, tasks are systematically broken
down into components and subcomponents.

The profile generated at the end of the task analysis identifies the task
requirements, the task environment and the task behavior.

Generally speaking, a task analysis provides an employer with a priority
breakdown of the most important features of a job in terms of the frequency
with which it is carried out or the length of time it is performed.

The task analysis allows employers to identify inefficiencies in the cur-
rent work and mismatches between task demands and workstation design
and layout.

Users involved in the task analysis process need to be representative of the
organization’s working population.

Several workers selected for observation during the task analysis may be
performing the same work, but they may chose to complete it differently.
For that reason cross-referencing with the manner in which other individuals
work is advisable.

Prior to the task analysis being carried out, a record should be made of
exactly what has been observed in an environment, with what equipment
and exactly who was performing the work.

Video recording of the observations during the task analysis is helpful
because it allows clarification of points after the analysis has come to an
end without the need to request the user to repeat the operations.

Once the observations are complete, the analyst can generate a list that indi-
cates what sequence of subtasks was performed, the length of time spent on
each one and the frequency with which each of these tasks was performed.
At the end of the task analysis, the individual responsible for producing a
furniture specification will have an accurate list of requirements for the
individual and their work.

Suppliers of workstation furniture should provide a list of suggested
workstation furniture that matches the needs of the individual and the
task demands.

Once the shortlist is drawn up, the trial of the workstation furniture can
be arranged.

A trial allows the testing of workstation equipment under controlled
conditions.

The conditions under which a trial is run should be as realistic as possible.
Individuals who participate on a trial should be representative of those who
are likely to use the equipment in the future. The more people who partici-
pate in the trial, the better. However, even five trial participants are suffi-
cient to identify the most extreme problems with new equipment.
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During the trial, participants should perform the full range of tasks they
are likely to perform at this workstation furniture should it be introduced
in the future.

If the user is trying out several chair and desk combinations, it is helpful to
schedule the changeover between combinations to fit in with natural breaks
in the work. This will minimize disruption.

The trial manager is required to ensure that the trial runs smoothly. He
needs to be a good communicator and be able to build a good rapport with
the users quickly.

Feedback needs to be collected from the users during the trials. This can be
done using a range of questionnaires, rating scales or interviews.

If interviews are used as a means of collecting feedback, trial managers
should be capable of subtly steering trial participants so that all of the
relevant information is collected.

Questionnaires or feedback forms can include open-ended or closed
questions. Open-ended questions do not limit the answers that can be given.
These are more time-consuming to analyze following the trial.

Rating scales and ranking scales can also be used effectively.

The environment in which a trial is carried out should be similar to the
environment in which the equipment will be used: features such as lighting,
temperature, humidity and noise level should be similar.

Prior to the roll-out of the equipment selected on the basis of the trial, the
organization should prepare the workforce for the change. Change causes
individuals to experience stress because they feel that the situation is out of
their control and this creates feelings of uncertainty.

Following any changes to workstation equipment, the workforce should be
allowed an acclimatization period in order to get used to the changes before
they are expected to work at their normal pace.

The greater the involvement of the workforce in the trial and implementa-
tion phase, the more likely the project will be successful.

Communication is the most effective means of ensuring that the work-
force understands what is intended through the trial process and during
the roll-out of new workstation equipment. This approach is likely to over-
come resistance.
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4 Computer Use

4.1 INTRODUCTION

It is common for people who work in offices to blame their computers for being the
source of all their complaints, such as headaches, eye fatigue and tiredness. Yet the
truth is that these individuals are often the cause of their own problems through poor
working practices, such as working for long periods without a rest break or change
in activity. Despite the fact that they may be the instigators of their own difficulties,
they should not necessarily be criticized for working in an inappropriate way. Poor
working practices often develop as a result of a lack of training, or perhaps even
a lack of effective training, or possibly from a management style that encourages
or even coerces people to remain at their desks working without interruption for
longer periods than would be recommended. In the main, if some basic principles
are applied to the use of a computer, most individuals should be able to work without
experiencing any adverse effects.

4.2 DESKTOPS

A traditional desktop screen is bulky by comparison with other options, but its
benefits should not be overlooked. CRTs (cathode ray tubes) have a long lifespan and
their main positive feature is that they can be viewed easily from a range of angles
without losing the quality of the display. One major complaint with these screens is
the extent to which they flicker during use.

Many organizations introduced large CRTs in a bid to increase the amount of
information that could be displayed on the screen at any one time, but this also
increased the amount of desk surface needed to accommodate them. Many desks
were too small to allow flexibility in their positioning and all too often the person
using a large screen on a rectangular desk was forced into one of two positions:
either the screen was located directly in front of the user on the desk but too close for
comfortable viewing, or it was located to one side of the desk in the corner, which
resulted in repeated twisting of the head and upper body as the user turned to read
the display.

Viewing a standard desktop screen is frequently made more difficult by its height
above the work surface. It is usually positioned either on top of the hard drive or directly
on the desk surface. Placing a screen on the desk surface can result in taller people
having to look downward. Smaller people often have to look upward when viewing a
large screen located on top of a hard drive. Chapters 1 and 2 offer an overview of how
equipment should be arranged to provide a comfortable working posture.
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As a consequence of the bulk of large screens, their weight has also been an
issue. It is rare for an office to remain unchanged for any length of time. Many of
them are altered to accommodate an influx of new personnel, to rearrange teams of
individuals or to introduce new equipment. More often than not this results in all of
the workstations being repositioned within an office or relocated within a building.
Moving large screens around is a hazardous operation, not only because of their
weight but also because of their irregular shape which makes them difficult to grasp
and hold securely. Chapter 10 offers advice on safe manual handling techniques.

Having established an appropriate position for the screen, users should care-
fully monitor the extent of its use in conjunction with the mouse and keyboard. This
aspect will be covered in detail in chapter 7. In brief, it is generally advised that
screen-based work should be interrupted at least every hour for about five to ten
minutes by either a rest break or a complete change in activity, for example photo-
copying or filing instead. Companies should be aware that accessing the Internet or
the company’s own intranet site during break times should be viewed as continuing
the screen-based work and not interrupting it.

4.3 FLAT SCREENS

The term “flat screen” can be applied to television screens and video displays as well
as computer screens. The term denotes a screen only a few centimeters in depth, in
stark contrast to CRTs which are often between 35 and 45 cm in depth.

In terms of computer monitors, the benefits of flat screen technology are (1) they
require less desk space, which has slowed down the demand for larger desks from
suppliers, (2) they consume about one-third of the power used by standard CRTs, and
(3) they have lower emission values.

The most widely used flat screen in an office is the liquid crystal display (LCD);
high-quality LCDs use thin film transistor (TFT) technology. LCDs present some
problems, such as difficulty in reading characters if the screen is viewed from the
side or in bright light. TFT technology reduces the length of time it takes the system
to respond to change and it offers better contrast and brightness.

Because LCDs are slimmer they are generally lighter than CRTs, and obvi-
ously less bulky, which makes moving them less hazardous. They are also easier
to manipulate once on an individual’s desk, and, as many of them incorporate a
height-adjustment mechanism, this increases the likelihood of the user being able
to present the screen at a suitable height for comfortable viewing.

4.4 LAPTOPS

The design, development and introduction of laptop computers started a major change
in the way people performed screen-based work. They offered freedom over where
and when an individual could work. This change has speeded up with the advent of
wireless technology. When they were first introduced, laptops provided the opportu-
nity for people to work when away from the office. They could work on a train, in a
hotel, during a conference or at home. As time progressed, laptops were brought into
the office more and more and people started to work with them all day in preference
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to using their standard desktop equipment. Companies are now having to deal with
the fallout that has resulted from the shift in how laptops are being used.

As a starting point, it should be kept in mind that people can work in pretty much
any posture, even the most extreme, and probably avoid any adverse effects if they
limit such awkward working positions to very short periods on a very infrequent
basis. That is why laptop use for short periods does not tend to cause problems for
people. Unfortunately, the design of a laptop is such that extended use, for example
during a normal working day in an office environment, is likely to cause discomfort,
at the very least. Having said this, designers should not necessarily be criticized for
creating a piece of equipment that has the potential to create discomfort, depend-
ing on its usage, as they probably did not originally intend for this equipment to
be used for lengthy periods. The same would apply to the use of palm-held equip-
ment or PDAs (personal digital assistants). The current design intention behind these
assumes that it is unlikely they would be used for any extended period. This equip-
ment is marketed as excelling in areas where quick information access and informa-
tion recording is required and this can be done without the need to carry heavier
equipment. Although it is thought at this stage that hand-helds are unlikely to replace
other technologies, the same was probably thought about laptops.

Laptops do serve an extremely useful function. The difficulty lies in the fact that
users, in the main, are not aware of the features of the laptop that have the potential
to create problems for them, and they do not understand how such equipment should
be used if they want to avoid adverse effects. Equally, some of the environments in
which they are used are not conducive to working in a comfortable position. For
instance, some users sit on a bed in a hotel room when using their laptops because
the room may not provide a suitable alternative.

The main design problems associated with a laptop stem from the drive to make
them compact, lightweight and portable. The most immediate and most noticeable
difficulty originates from the height of the screen once placed on a surface. A laptop
screen is normally at a much lower level than a desktop screen. As a consequence,
Harbison and Forrester (1995) have shown that individuals employ considerable
forward head inclination when looking at the screen, averaging about 45°, which
causes significant loading on the neck muscles. Saito et al. (1997) found that the
EMG of the neck muscle was higher using a laptop than when compared to the
desktop. Harbison and Forrester (1995) recorded that laptop users experienced
increased discomfort in the neck as well as the upper back.

Working with the head bent forward is compounded by the fact that laptop
screens typically present a quality image to the user only within a narrow range of
viewing angles. Therefore, the user is discouraged from changing head position and
instead they keep it in a fixed position. Straker et al. (1997) consider that prolonged
laptop use is likely to lead to musculoskeletal disorders.

Following the difficulties related to the height of the screen, the distance between
the screen and the seated user can be a source of problems. This results from the need
to locate the keyboard at a suitable distance for comfortable use, which ultimately
brings the conjoined screen closer than an individual might ordinarily prefer. Alter-
natively, the user pushes the keyboard away to position the screen at a more accept-
able distance, which will cause them to reach and lean forward when using the keys
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FIGURE 4.1 Reaching and leaning forward results from pushing the laptop forward on the
desk to achieve a better viewing distance.

(see Figure 4.1). Saito et al. (1997) and Villanueva (1998) have reported that there are
significant differences in viewing distance between a laptop and desktop, with the
use of a laptop being characterized by very short viewing distances. It has also been
suggested that prolonged laptop use is likely to lead to visual disorders (Straker et al.
1997; Wilson 2001; Jonai et al. 2002).

The dimensions of the laptop keyboard are usually smaller than those of a stan-
dard keyboard. A standard PC keyboard has key spaces of about 19.05 mm. It would
not be unusual for a laptop keyboard to have key spaces of 15 mm. Yoshitake (1995)
found that performance ratings when using keyboards with key spaces of 16 mm and
less decreased for people with larger fingers. Villanueva (1998) also found that the
smaller the laptop, the greater the inward rotation of the shoulders and the greater the
discomfort and difficulty in keying. Smaller keyboards, such as those on notebooks,
are also more likely to result in constrained arm postures and more precise keying
(Pheasant and Haslegrave 2006). The types of difficulties resulting from the dimen-
sions of the laptop keyboard are also found in integral pointing devices such as the
pointing stick, the small knob embedded in the center of the keyboard, which is used
with the tip of one finger. This requires irregular upper limb postures during use, and
the effort involved in operating the device is focused on one digit as opposed to being
shared across the hand as is the case with a standard mouse. Wright (1996) found
that pain was related to the number of hours spent using the laptop. It was established
that if participants performed more than 20% of their computing on a laptop there
was an increased risk of musculoskeletal injury. This emphasizes the need for the
use of laptops or notebooks to be managed carefully.

As screen height and keyboard dimensions have been identified as being prob-
lematic, these aspects have to be tackled if extended use is envisaged. The aim
should be to enable the user to adopt an appropriate posture, such as that outlined
in chapter 1. There are two easy ways of tackling this: either by providing a dock-
ing station, or, by providing an external keyboard and mouse. If using a docking
station, the user places the laptop into a housing that connects the laptop directly
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to an external screen, keyboard, and mouse. Having done so, the user can adjust
the sitting position relative to the screen and keyboard using an adjustable chair.
Heasman et al. (2000) have shown that the use of a docking station did make a
positive difference in terms of reducing complaints of discomfort. The alternative
is simply to attach an external mouse and keyboard to the laptop and then raise the
laptop up on a platform so that the screen is presented at a suitable height. Again,
users should adjust their posture so that they are sitting comfortably. Separate mice
are recommended for use with laptops given the poor design of a number of laptop
cursor controls. Some have a pointing stick, as previously described. Others have
touchpads which, although larger, tend to be operated by one fingertip in a bid to
avoid sending out “confusing” commands that result in the cursor jumping to a part
of the screen that was not intended. A standard mouse shares the workload out over
a larger portion of the hand which will be less fatiguing for the limb concerned. Of
course, providing laptops with detachable keyboards would allow the screen to be
raised on a platform leaving the keyboard on the worksurface. Some office furniture
manufacturers provide stands on which the whole laptop can be located so that the
screen is raised. However, raising the screen when it is still attached to the keyboard
simply raises the keyboard also, causing some naive users to work with their arms
raised as they depress the keys, unless they have been specificallly advised to use a
peripheral keyboard.

The techniques that should be employed when using a standard desktop should
also be employed when using a laptop. Once the user has established an appropriate
working position, the laptop should then be used in the same manner that a desktop
PC would be used in terms of rest breaks and changes in activity. In addition, it should
not be assumed that users will see the benefits to be gained from using a docking
station or from using an external keyboard and mouse. Some might complain that
this causes a degree of inconvenience. Appropriate training and advice should be
offered to users so that they appreciate the need to use laptops in conjunction with
other equipment.

Given the fact that laptops are designed to be “portable” equipment, they will
be carried from one place to another by the users. A brief review of laptop weights
will show that they can range from just over 1 kg up to 8 kg, and these weights do
not usually include the added weight of the transformer, the case or any extras that
are taken along with the laptop. Once the laptop is placed in a case, it can become
quite bulky and difficult to handle. Given these features, the manual handling ele-
ment of transporting the laptops becomes important. Anyone who routinely carries a
laptop from one work area to another, whether they leave the employer’s site or not,
should be provided with manual handling instruction that focuses specifically on
the safe handling of this type of equipment. Manual handling will be addressed in
chapter 10. Those responsible for selecting the portables that will be used by other
employees should be alert to the fact that some of them are heavy and should foresee
the potential impact on the individual from carrying such heavy weights. Obviously,
purchasing lighter portables should be a primary aim. Heasman et al. (2000) found
that the feature rated as most undesirable by laptop users was weight and the feature
users would like to change first was identified as the weight as well.
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Aiming to reduce the weight of the laptop should coincide with a desire to pur-
chase the lightest case in which to carry it, and preferably one without brand names
that might make it a target for thieves. In addition, having the longest battery life
possible will reduce the need to carry the transformer every time the laptop is taken
somewhere. Alternatively, if users transport the laptop between the office and home
they could be provided with two transformers, one for use at each base, eliminating
the need to carry this device between both sites repeatedly. An effort should be made
to minimize the number of additional items that might be carried with the equip-
ment, such as printers and documentation.

4.5 WIRELESS TECHNOLOGY

Wireless technology is the means by which computers are networked together and
operates, as the term suggests, without the need for a wired network—although it
can integrate with the wired network. In the past, conventional cabling has imposed
restrictions on how a company can operate. Wireless technology enables users to
access the Internet, the company intranet site and their e-mail as long as they have
wireless network access points.

With a wireless local area network (WLAN), an access point, which is a radio
communication device, connects computers together. The access point has an
antenna that transfers information back and forth over the airwaves and has a range
of about 100 m. Areas where access points are located are called hotspots. To enable
this system to function effectively within an office, the desktop is hooked up to a
USB wireless network adaptor and laptops and handhelds are wireless enabled.

A wireless personal area network (WPAN) employs a system that transmits data
through short-range radio waves and has a range of about 50 m. It permits a user to
transmit data between devices such as a mobile phone and a PDA, desktop or laptop.
It will also permit users to connect their computer system with a printer or to down-
load images from a digital camera without the need for cabling.

A wireless wide area network (WWAN), which transmits data using mobile
phone signals, has a range of about 30 km (18 miles) and therefore serves a large
geographical area. It enables users to stay connected when removed from other
network infrastructure.

From a facilities management perspective, wireless technology could potentially
eliminate the headache that usually accompanies a change in office layout or even a
relocation. From a business point of view, the advances offered by wireless technol-
ogy mean that people are able to work almost anywhere. Even if they remain within
the office building, individuals can work remotely from their workstations, so this
offers greater flexibility over where people can work within a building and also who
they work alongside. This has benefits for situations where informal meetings are
appropriate and a number of individuals may meet in a “break-out” area where they
can move away from the main body of the office. It also proves useful if a number
of individuals from different departments within a site have to meet in one central
point to conduct a meeting.

The difficulty from an ergonomics perspective is that such flexibility opens up
opportunities for users to adopt and work in a range of wholly unsuitable postures.
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This is usually driven by the design of the designated areas in which they can
work. Break-out areas are often casual arrangements with large, squashy sofas and
coffee tables used to support a laptop or, alternatively, high-level café-style tables
for standing at while talking and interacting with a laptop. As has been indicated
previously, infrequent work in areas such as these would be acceptable. On the posi-
tive side, they do offer a change in posture to people as they move away from their
workstations. However, these areas are not ideal for long-term use. No one should
be required to work in any areas of these types for extended periods, particularly
on a regular basis. One of the problems with new office developments is that these
“concept areas” are sometimes created by individuals who have little understand-
ing of ergonomics or basic human requirements with regard to safe, comfortable,
effective and satisfying working conditions. On paper, being able to discuss business
matters while relaxing on a soft sofa with a cup of coffee to hand sounds idyllic.
However, the reality is that the user will probably spend time slouched in the sofa,
bent over the low-level coffee table while trying to access information on a laptop too
big to fit comfortably on the remaining surface of the coffee table once the large flo-
ral arrangement, meant to enhance the environment, has eaten into valuable space.
If these types of areas are to function effectively and successfully, they need to be
created with the real task and user demands in mind and this can be achieved only
by taking the time to analyze exactly what they intend to do and what they hope to
achieve when in these areas.

4.6 OUT-OF-OFFICE WORKING

People have been able to work at a distance from their office base for some time.
Wireless technology has increased the opportunities for working remotely. Despite
the fact that employees might be out of sight, employers still have a responsibility for
their well-being. Places where users might typically be found working are at home,
in vehicles, in hotel rooms, on trains and in planes. Heasman et al. (2000) have
shown a correlation between working in “nonstandard” locations, such as at home
and on public transport, and discomfort.

4.6.1 Home OFFICE

Many users, when permitted, will work from home occasionally. This may involve
merely one hour of work or a whole day. It might be an irregular occurrence or a
daily one. Others may spend the whole week, or a major proportion of it, working
from home. The more frequently individuals work from home and the longer they
spend working at home on each occasion will dictate that an assessment of their
environment be carried out. Many users employ a dining room table or kitchen table
with any chair that is available. Some perch on an armchair and place their laptop
on a coffee table. Some will be provided with a budget to buy workstation furniture
for use in their homes. Unfortunately, many of these individuals will choose work-
station furniture that is compatible with the look of the other furniture in their house,
particularly if another room has to double-up as a home office during the day.
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Working from home has to be carefully controlled and the same guiding principles
that would be applied to a conventional office apply to the home office environment.
In other words, people should aim to adopt the appropriate postures while working by
arranging their furniture and equipment appropriately. If individuals work from home
consistently, say for at least an hour every day, they should be provided with suitable
desks and chairs, as well as anything else deemed appropriate. such as a footrest.
A home worker should be approached and dealt with in the same manner as an office-
based worker if the frequency and duration of the work warrants it.

Even if home workers only perform occasional work at home, and perhaps do
not merit the provision of standard office furniture by the company, they should still
be offered advice on how to make themselves comfortable while working. Whatever
surface they are using to support their computer, desktop or portable, users should
sit at an appropriate height relative to the keyboard. Sitting on a dining room chair
beside a dining room table often results in users working with their arms raised. If
a user does not have a height-adjustable chair, they should sit on a cushion to raise
themself. Having done so, if their feet are not touching the floor they should use some
form of foot support. If a footrest is not available, any object that offers a large stable
base, such as a telephone directory or briefcase, can be used to support the feet.

Often dining room and kitchen chairs have solid straight backs which obviously
will not offer complete support to a user’s contoured back. Sometimes a rolled-up
towel placed in the small of the back will make the user more comfortable.

The screen and keyboard of a desktop should be set up properly using the same
techniques employed in the main office. If using a laptop, users should be provided with
a separate conventional keyboard and mouse. They should place the laptop on a stable
raised surface, such as a telephone directory or box file if a proper height-adjustable
surface is not available, so that the screen can be viewed at an appropriate height once
they are sitting down to work. If users have been provided with conventional office
furniture, they must be given a thorough briefing on how the furniture should be used.

Home workers require the same detailed information about work patterns and
break taking as would be offered to an office-based worker. This will be discussed
in chapter 7. There are some additional issues that need to be kept in mind which are
unique to home workers. For instance, although they may work a typical eight-hour
day, they may fit this in around domestic arrangements such as driving children to
school. Sometimes parents may then work without a break once they get home, even
working through the lunch hour to make up the time.

Overall, it is not recommended that users be left to their own devices once they
work from home. They need guidance on the most appropriate ways to work and an
assessment needs to carried out of their workstations.

4.6.2 MosiLE OFFICES

Many individuals find themselves operating portable equipment in some form of
transport—a plane, train or car. There is little that can be done to make a user more
comfortable when in a plane, apart from suggesting that they try to gain as much
leg room as possible and that they consider using a small cushion at the small of the
back. The same sort of restrictions apply when on a train. As little or nothing else can
be done from a set-up point of view, the only option available to control the possible
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negative impact of poor working conditions is to limit the length of exposure. On
that basis, mobile computer users should ensure that they work for short periods
only before taking a complete break, which should include stretching or leaving the
seated position. Using portable equipment in cars introduces other possibilities, as
well as other problems.

Many traveling sales reps or consultants carry out preparatory work in their cars
having arrived at a client’s or customer’s site. Many of them finalize documenta-
tion or accounts while sitting in the car after leaving the site. Because of the severe
restrictions imposed by working within the confines of the car, every effort should
be made to avoid the need to do so.

One way of dealing with space restrictions is to provide vehicles with large
interiors, such as vans that allow for the rear seats to be rotated into a face-to-face
position and for stowaway tables to be deployed. However, given the expense of
such vehicles when compared with a standard car, this is unlikely to be considered
a viable option for many. Clearly, the reality is that some people will continue to, or
be expected to, work when seated in a standard car. On that basis, they should be
offered information on the likely consequences of working within the vehicle and
advice on the most appropriate techniques to employ within that environment.

One of the most immediate concerns with this style of working is security. It is
not unknown for portable equipment to be snatched from individuals working in their
vehicles. One of the conflicts in this situation is that users of portable equipment
should not sit in the driver’s seat when operating their equipment but should sit in the
front passenger seat. This is because, should another vehicle collide with theirs when
they are stationary, it is possible that the airbag might deploy, rapidly and abruptly
propelling the equipment towards the user. The steering wheel itself might be moved
during an impact, again causing problems in the minimal space between it and the
seated user. On that basis, it is safer to sit in the front passenger seat. However, if the
user becomes aware that they are at risk at any point while parked, or simply feels
threatened in any way, they cannot start the car immediately and drive away as they
could do if they were sitting in the driver’s seat. This suggests that drivers need to
select a parking area with care; this issue should be tackled during a dedicated drivers’
health and safety course that covers all topics of interest to individuals who drive as
a significant part of their work. Laptop users who would not necessarily be expected
to drive between places of work, but might use public transport or walk, should be
offered advice on avoiding being mugged while transporting their equipment.

Before sitting in the front passenger seat, the user should turn off the airbag
stowed in the dashboard. The user should then retrieve the laptop from its point of
storage—ideally, in the trunk. From a security point of view this avoids making it a
target for theft and from a safety perspective this prevents it becoming an unintended
missile following a high-speed impact which itself could cause serious injury. If a
laptop is stored in one of the footwells of the vehicle the user should leave the driver’s
seat, access the door nearest the footwell and remove the laptop. Laptops should
not be pulled from the rear footwells in the vehicle by someone seated in the front
because of the irregular postures that are likely to be employed when manually
handling the laptop and the difficulty in maneuvering the laptop through the gap
between the front seats.
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Once sitting in the front passenger seat, the user should push the seat back to
gain maximum legroom. This should also provide sufficient room to place the laptop
on the thighs without it coming in contact with the dashboard.

The angle of the backrest should be altered so that the user is supported in the
position of choice. If need be, a small rolled-up towel can be placed at the small of
the back to take the place of the lumbar support normally found on a standard office
chair. Given the fact that working in a vehicle is far from ideal, the period of time
spent working in this environment should be strictly regulated and limited.

4.7 SUMMARY

* Problems encountered by people who use computers are often a result of
working for long hours without a rest break or a change in activity.

* Poor working practices often result from a lack of training or lack of effec-
tive training. Management style can also influence the development of poor
working practices.

* The traditional large CRT is bulky and heavy compared to flat screens.
Its size restricts flexibility in its positioning on the desk and transferring it
within the working environment.

» Screens are frequently placed either directly on the desk surface or on top
of the hard drive. This does not allow a sufficiently flexible arrangement to
accommodate all people comfortably.

* Screen-based work should be interrupted at least hourly for about five to ten
minutes by a rest break or by a change in activity.

» Flat screens offer a number of benefits over traditional CRTs in that they can
be positioned more easily and many of them incorporate a height-adjustable
mechanism which allows them to be presented at a suitable height for the user.

e The introduction of laptop computers has transformed the way people per-
form screen-based work.

e Laptop computers offer freedom over where and when people can work.
This has been speeded up with the advent of wireless technology.

* Laptops have become so popular that they now are being used in place
of standard screens and keyboards in an office and their extended use is
creating problems for the users. The design of the laptop is likely to cause
discomfort if used for extended uninterrupted periods.

* The main problems associated with laptops include a low-level screen that
requires the user to look down at a low level. Working with a head bent
forward is likely to lead to problems in the neck, if done for extended unin-
terrupted periods.

» If the laptop keyboard is set at a suitable distance from the user, the screen
is presented too close for comfortable viewing. This has been related to the
development of visual disorders.

» Laptop keyboards are smaller than standard keyboards, which results in
constrained arm postures.

» Laptop pointing sticks or touchpads are not suitable for extensive use.
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The problems associated with laptop use can be dealt with by using either a
docking station or by using an external keyboard and mouse.

Laptops should be used in the same manner as a standard PC in terms of
rest breaks and changes of activity.

When selecting laptops, consideration needs to be given to their weight and
the manual handling techniques involved in their movement.

People carrying laptops as part of their working day should be provided
with manual handling training.

Care should be taken that additional items are not carried unnecessarily
along with a laptop, which will increase the total weight being handled.
Wireless technology is the means by which computers are networked
together and operates without the need for a wired network.

With a wireless local area network an access point connects computers
together.

A wireless personal area network permits the user to transmit data between
devices.

A wireless wide area network enables users to stay connected when removed
from other network infrastructure.

Wireless technology means that people are able to work almost anywhere.
Within a building an individual can work at any point and alongside any
other individual.

The freedom and flexibility offered by wireless technology should be
monitored carefully so that individuals do not work in areas that were not
originally designed for keyboard work.

A number of people work away from offices and whether they choose to
work in an office, at home or in their vehicles, they too need advice on the
most appropriate way to work.

People working in home offices should be provided with appropriate work-
station furniture should the length of time they spend working warrant it.
Home workers should be offered the same guiding principles that are
offered to workers in the main office.

If home workers do not warrant the provision of specific workstation furni-
ture, they should be given advice on how to adapt the furniture they use at
home to make themselves more comfortable while working.

Working within any form of transport should be limited because of the
severe restrictions imposed by the confined space.

The security issues associated with using a laptop in a car cannot be over-
looked and are a primary concern.

Laptop users should sit in the passenger seat of the vehicle, having turned
off the airbag.

It should be understood that laptop users will be unable to leave an area
quickly if they feel threatened if they are sitting in the passenger seat of a
vehicle.

Once in the passenger seat, the laptop user should push the seat back to
provide sufficient leg clearance.
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* The backrest of the passenger seat should be altered to provide adequate
support for the user operating the laptop.

* Laptop users should not drag the laptop from one side of the vehicle to
another. They should exit through one door and access the laptop through
the nearest door to reduce reaching.

» Carrying out laptop work in a vehicle is far from ideal and the time spent
working in this environment should be strictly regulated and limited.



5 Screen Displays

5.1 INTRODUCTION

There is more to the subject of screen displays than simply focusing on font sizes and
styles. How information is presented to the user, the combination of colors, the word-
ing used, whether scanned images are displayed and other factors all determine how
accurately and quickly the information is processed and how quickly the individual
reacts. Designers who want to develop effective screen displays should concen-
trate on what is known about the users in terms of memory, perception, informa-
tion processing, reaction times, visual capability and so on. Well-designed systems
are likely to result in increased user satisfaction, greater usage of the system and
improved performance and productivity. This is usually accompanied by a reduction
in training time which has implications in terms of cost. As a basic reminder during
the design process, Hicks and Essinger (1991) have stated that users should be able
to get on with whatever it is they want the system to do without wasting their time
trying to make the system work or trying to understand it.

5.2 MEMORY

Understanding how memory works is an important feature of designing screen dis-
plays. While users are performing a screen-based task, they have to make a conscious
effort to remember what they need to achieve and how tasks need to be sequenced,
they need to remember the actions involved in completing their tasks—for example,
using the keyboard and mouse, and more specialized actions such as using short-
cut keys on the keyboard and they need to remember any other information that is
relevant to their task, such as e-mailing a copy of the document being prepared to
another individual.

The process of placing something in our memory appears to have three separate
phases. The first is sensory memory which is considered to last about a second or
two and has been referred to as a buffer. It is an unconscious process and is triggered
when our sense organs react to environmental stimuli and then subsequently send
messages to the brain where a faint trace of the message is left. This occurs, for
example, when someone glances at a car’s license plate. They will be aware of the
numbers and letters briefly, and possibly the arrangement of the characters, as the
information is registered in their brain. If this information has to be retained it has to
be transferred to short-term memory otherwise it is lost. If an individual is exposed
to continuous, excessive stimulation the sensory storage mechanism becomes less
effective and fails to distinguish between individual items of information that are
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important. This process is called habituation. This suggests that screen display
designers should not bombard users with unnecessary information.

5.2.1 SHORT-TERM MEMORY

Short-term memory (STM) is the second phase and lasts for about 30 seconds. It
is considered that around seven ‘“chunks” of information can be held in short-term
memory. A chunk is an organized cognitive structure that can grow in size as infor-
mation is added to it. A chunk could be seven individual numbers or the names of
seven individuals. STM is of sufficient duration to allow for a simple task to be
completed after which the information is abandoned. An example is reading a new
telephone number and retaining it long enough to make the call. The user is more
likely to remember the number if they organize it prior to attempting to memorize
it. For instance, the telephone number 01159212389 will be more easily recalled if
organized into the following four chunks: 0115-92-123-89. Having made the call, the
user will “dump” the information and will probably be unable to recall the telephone
number after a very short time. If information is deemed to be important and needs
to be retained it is transferred to long-term memory which is the third phase.

5.2.2 LoNG-TeRM MEMORY

Information is constantly being transferred from sensory memory to short-term
memory and as it does so it replaces the information that is already there, unless the
latter is transferred to long-term memory (LTM). For this to happen, the information
has to be rehearsed—that is, repeated a number of times. For instance, if the tele-
phone number is important and needs to be recalled later, the individual can remem-
ber it by repeating it over and over again until it is retained. Rehearsing information
is different from simple repetition. Rehearsal involves conscious interaction with the
information and a desire to transfer it into long-term storage. When information can
be reliably recalled within a day or a week, it can be considered to be stored in LTM.
The capacity of LTM to store information is immense. The information stored there
is believed to be coded using two systems: verbal and nonverbal, the latter involving
imagery. LTM can be improved greatly once an individual becomes skilled at encod-
ing information so that it is more easily retained or stored.

The notion of schemata is related to that of chunks where information is orga-
nized into more meaningful groups. A schemata is an internalized “filing” system
that has been created and developed through life’s experiences. As more informa-
tion is gathered it is organized or filed in line with previous related experiences. For
instance, when a patient visits the doctor presenting with many symptoms, the doctor
is able to call on their schemata, which enables them to deal quickly and effectively
with the patient. The schemata will have developed through years of experience of
patients presenting with similar combinations of symptoms and years of experience
of how to respond in terms of treatment. The experienced doctor can rely on rapid
recall from LTM. An inexperienced doctor may find it difficult to respond in the
same way because they have not, at that point, had a large variety or quantity of
experiences resulting in an underdeveloped schemata.
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Associated with schemata are scripts which comprise a sequence of events within
a particular setting. They represent an individual’s expectations about how particular
situations will unfold. They could be viewed as a summary of our expectations for
any event without the need to recall each minute detail that is likely to occur during
the event. For instance, someone intending to shop at a supermarket expects to collect
a shopping cart, walk up and down the aisles selecting groceries, pay at the checkout
and transfer the groceries to the car. There are clearly significant gaps in the details
of the actual event. People automatically develop scripts that reduce the burden of
processing all of the stimuli present in any situation or environment. These scripts
have been reported to have a significant influence on both encoding and retrieval
functions (McKenna 1994). The concept of scripts has significance in terms of train-
ing individuals and how their training sessions are summarized.

Various methods can be adopted to retain information in LTM once it has been
gathered. The hierarchical model works on the principle that memory is structured so
that there are specific categories of ideas under more general ideas. A small number of
general category headings is at the top of the hierarchy with more specific subcatego-
ries at the bottom. This can have an impact on the effectiveness with which individuals
learn about new systems. They are more likely to recall information if it is presented
in a coherent, logical tiered fashion rather than as a series of unrelated, isolated pieces
of information. Figure 5.1 presents a conceptual hierarchy that outlines the steps to be
taken following a telephone call notifying a water management company that a leak
has occurred. It presents a clear, organized series of steps that are meaningful which
will increase the likelihood of the individual responding appropriately.

With conceptual similarity people “see” a similarity between individual items
to be remembered. This allows them to organize the information in such a way that
separate pieces of information are stored in one category. Any training where an
individual is learning to use a computer system is likely to be most successful if the
trainee sees that the separate sections of a system have similarity and thus can be
stored together. This process allows for more complete retrieval of the information
at a later time.

If people are required to organize material to be remembered using their own
personal systems of categorization they are more likely to successfully recall a
greater amount of information than if predetermined categories are presented to
them. This is because the actual process of concentrating on organizing the material
facilitates learning.

Retrieval of information from memory depends on the quality of the initial coding
of the information and the subsequent organization of it when stored. Mnemonics
is a system that helps people to impose an organized structure on something to be
remembered. An example is using key words. For instance, a student trying to learn
large quantities of information for an exam could pick out the key word from each
section. This key word, once recalled, would be the main prompt in remembering
the remainder of the section in which it was embedded. The student could then take
the first letter of each key word and make a sentence out of the letters. Table 5.1
illustrates how this example works in a situation where someone needs to remember
information relating to a number of aspects of workstation design. Having learned
all of the relevant information about workstation design, the individual picks out
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TABLE 5.1
Mnemonic Checklist for Workstation Design
V&)%S Desk Chair Footrest Screen Keyboard Mouse  Copy Stand Environment
e |V v vy b v
Sentence Doing  Complete and Full Surveys Keeps Many CompanieS Efficient

the key words such as “desk” and “chair” and makes a sentence from the first letter
of each word. Having made the sentence, all they need to do is recall the single
sentence at the appropriate time and this should be sufficient, once it is decoded, to
allow them to retrieve the relevant information.

The degree of success in recalling information will be influenced by people’s
state of arousal—for instance, whether they are calm or stressed. The more anxious
an individual becomes, the less likely it is that they will retrieve information success-
fully. The degree of success is also influenced by how meaningful the information is
to the individual. Recall is different from recognition and this difference is familiar
to many people. For instance, we may meet someone in the street and recognize
them, but we will not be able to recall their name.

When we cannot recall something this represents forgetting. This does not
suggest that we have lost that information from memory but rather it indicates that
we are using an inefficient means to try to retrieve it, or, we did not store it properly
in the first instance. The form of the stimulus presented to an individual when they
are trying to retrieve information will determine how much they can retrieve. An
example of a stimulus that is not sufficient to enable someone to retrieve information
is feeling that the information is “on the tip of the tongue”. They are aware that they
know the answer, but cannot quite grasp it. In this case, the stimulus has not been
sufficient to prompt the successful retrieval of information.

It has been suggested that once information has been committed to memory
certain processes interfere with the ability to recall it. Interference can occur in a
number of ways. With retroactive interference the storage of new information under-
mines the recall of previously stored material. For example, having reset the code for
aburglar alarm, using a new series of numbers, an individual may find it hard to recall
the previous alarm code. With proactive interference people find it hard to store new
information when they have already stored information relating to the same topic.
For example, if someone is used to visiting a particular restaurant and it undergoes a
change of name, the individual may find it hard to recall the restaurant’s new name.
Recall problems are different from repression where an individual subconsciously
avoids recalling information that relates to upsetting or stressful events. This has
been referred to as “motivated forgetting” (Statt 1994).

It has been established that sleep is one means of counteracting difficulties in
recalling information. If people are able to sleep between their attempt at learning
something and the need to recall it their performance is enhanced.
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Given our understanding of how memory works, it would appear that screen
display designers can increase the usability of their systems by presenting informa-
tion in an organized, familiar, uncluttered and meaningful way.

5.3 DISPLAYS

There are a number of basic requirements if designers want to ensure that they
present information in a meaningful and usable way. If they fail to provide a design
and layout that meets human needs, they are likely to have an adverse impact on the
ease, accuracy and efficiency with which users can perform their work.

A basic starting point is that the text should be legible for all age groups. This
means that users should be able to distinguish the text from its background and
surrounding material easily. They should be able to read the text and understand it
easily, so it should be in simple language, and they should be able to do this without
experiencing any additional visual interference from surrounding material on the
screen. From an efficiency perspective, the clearer the image, the more quickly it will
be recognized. Legibility is affected by the size of the characters used, the height-to-
width ratio, character contrast, clarity and character format. If the characters on the
screen are sharply defined they will be much easier to read and, as a consequence,
will promote a more successful reading performance and reduce visual discomfort.
Users will read the display on a screen more easily and effectively if the characters
are familiar to them.

5.3.1 FonTs

A font is a typeface of a specific size and style. Early in the development of computer
displays the term would have been used solely as a descriptor of what character size
was being used. However, more recently “font” has come to refer to both typeface
(e.g., Times Roman) and character size. Different fonts are used to draw attention to
particular areas of a display and differentiate them from others. Although there is a
large choice when selecting typeface and character sizes, the aim should be to limit
the variation in both to avoid screen clutter which makes the information content more
difficult to decipher correctly. As a general rule, the simpler the font type, the easier
the text will be to read. For instance, Latha is easier to read than French Script.

If several styles are combined, the selection should be based on a number of
important characteristics. It is easier to read a combination of “families” if they
have similarities such as the same line thickness, identical heights of the letters
and so on. The term “family” relates to the variety of forms in which the specific
typeface can be displayed. For instance, a particular typeface can be displayed
in roman, italics, bold, outline or shadowed. Having more than two families in a
display reduces readability.

Serifs are the cross strokes used on some letters such as Times New Roman.
In poor viewing conditions, they can become less distinct thereby reducing read-
ability. It is usually recommended that sans serif typefaces be used if the type size
is 10 point or smaller, if the environment in which the screen is being used is not
ideal or if the screen is of a low resolution. The between character spacing for sans
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serifs should be a minimum of one stroke width or one pixel to optimize readability.
If a serif typeface is used, the character spacing should be a minimum of one pixel
between the serifs of adjoining characters to optimize readability.

Sans serifs are grouped together to form what is referred to as a “race”. Roman,
including the Times typeface, is another race. The most effective designs include type-
faces from one race only. Some designers do mix races but manage to create an effective
display by ensuring that one race is dominant and by assigning each race to a particu-
lar purpose on the screen—for example, one style for headings and another for text.

When referring to point size this offers a description of the distance between the
top of the character’s ascender and the bottom of it’s descender. Ascenders are parts
of the letter which extend above the main body of a word and descenders are the
parts of the letter which extend below the main body of the word. For instance, in
the word “display” the upper part of the “d” and “1” are the ascenders and the lower
part of the “p” and “y” are the descenders. Dropping below 8 point is considered to
significantly reduce the readability of the screen. To increase readability, the variety
of font sizes used should be limited. This is important if families or races are being
mixed because one type style within a race may appear to be different in size from
another type style within the same race, even if both are the same point size; for
example, Latha 12 point appears larger than Times Roman 12 point.

Character heights—that is, the distance between the top and bottom of a capital
letter (without an accent), subtending 20’ to 22’ of arc are considered suitable for
most tasks. This describes the angle formed at the eye as a consequence of viewing
distance and character height. In some cases, there is no need to read some of the
incidental text on the screen. Examples include footnotes and subscripts. In these
cases, smaller character heights, such as 16’ of arc, are acceptable. Stroke width—
the distance between the two outer edges of a character stroke, such as across the
horizontal line through the letter “t”—should be between 1/6 and 1/12 of the char-
acter height. For optimum legibility and readability a character width-to-height ratio
between 0.7:1 and 0.9:1 is recommended.

Fonts can also be differentiated by style, such as italics, outlines and shadows.
Italic type is more readable if presented in a serif font and is most effective if used
only for small areas of text rather than large sections. Outlined and shadowed effects
reduce the ease with which text can be read so their use should be limited to special
graphics. Boldface is commonly used to highlight something important. It is most
effective when presented in the sans serif format and used sparingly. Underlining
was formerly used to draw attention to important text, but with the advent of the
Internet, underlining has become associated with the designation of a string of words
as a navigation link.

Display designers must choose whether to use upper, lower or mixed case letters.
“Mixed case” usually means that the designer has followed the format that would be
adopted in a hand-written letter: a capital letter at the start of a sentence and lower
case for the remaining letters in the sentence, except in acronyms or proper nouns.
Using mixed case increases the speed with which an individual can read longer text
displayed on the screen. One reason for this is that it gives each word a more distinc-
tive shape which aids our identification of that particular word. Successful reading
depends not only on being able to read each letter in a word but on recognizing the
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shape of the whole word. The shape gives a degree of “uniqueness” formed from the
different sizes of the letters which makes the word distinct from others and more
immediately recognizable. If all upper case is used the word loses its unique shape
because all of the letters become equal in size making it less distinctive.

In the case of headings, such as menu choice descriptions, where only single words
or short phrases are employed, all upper case appears to work successfully, particu-
larly as it makes these aspects of the display more prominent. This has significance
for displays where warning messages are being displayed. Upper case can also be
used successfully in place of mixed case when the characters would otherwise be
unreadable owing to reduced size.

Individual words are more distinctive if they have a minimum of one character
width of space between them. Serifs should not be viewed as contributing to the
required degree of spacing between words. Individual lines of text are easier to read
if there is a minimum of one pixel of space between each line.

Whatever typeface, font size, family, race or case is used, the designer should
apply it consistently. This will ensure that users can work effectively throughout the
whole of the system in use.

5.3.2 UsinG CoLoRr

When describing a color, we are actually describing three things: (1) the hue, which is
the global meaning of the color, such as green or red; (2) the saturation, which refers
to the purity of the color when measured along the length of a scale on which
one end is a gray version of the color and the other end is the most vivid version;
and (3) the intensity, which refers to the lightness or darkness of the color and is
sometimes referred to as the value. Hue, saturation and intensity are psychological
factors, whereas wavelength, stimulus purity and luminance are physical factors
(Fukuzumi et al. 1998). Both sets of factors have a significant impact on the read-
ability of a display. Although the number of measurable colors is considered to be
about 7.5 million it is believed that humans can effectively distinguish only a small
portion of these (Galitz 2002). However, it has been reported that the number of
discriminations an individual can make can be increased through training (Xu and
Zhu 1990).

The use of color not only adds interest to the display and makes it more inter-
esting to work with, it can also be used to differentiate between separate pieces of
information, particularly when spacing cannot be used instead and it can be used
to identify relationships between items. Colors that are identified as being close
together on the spectrum, such as blue and green, are more likely to show a relation-
ship between items displayed on the screen than colors that are widely separated in
the spectrum, such as red and blue. The latter are more likely to draw distinctions
between displayed items. Color can also draw attention to important messages rather
than using highlighting. It can be used to identify a message’s status so that the
reader recognizes its importance or category without actually reading the content.
These two latter points illustrate the use of color as a formatting tool or as a means
of coding.
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The choices of colors are many but only a fraction of what is possible is actually
considered effective and usable. If not used advisedly color can be distracting and
interfere with the usability of the system. Great thought has to be given to which
colors should be employed in a display design and what combinations should be
used. If the wrong color choices are employed. There can be a deterioration in per-
formance as a direct result of unintended visual effects. Colors can be considered
to have been used successfully if users are able to detect the color against a visually
noisy background, if they can identify it correctly, if they can discriminate between
colors and if they associate the correct meaning with the color. It is generally believed
that no more than 11 colors should be used simultaneously in one display if accurate
identification is required. The general rule is to minimize the number of colors used
where possible. The more colors used, the longer the response time and the more
likely it is that the user will make mistakes owing to confusion. The way to control
the number of colors used is to avoid using color when other methods of identifying
information are available, such as positioning on the screen or highlighting. Luria
et al. (1986) have suggested between four and ten colors could be used, but they
emphasize using smaller numbers. It should be kept in mind that character size can
also affect an individual’s ability to identify and discriminate between colors. If it is
intended that the user will perform a rapid visual search of the display, no more than
six colors should be employed. Any more than this will result in a reduction in com-
parative discrimination—the ability to identify a color correctly while other colors
are displayed alongside it on a screen. More than six will also have an adverse effect
on recalling what the color means. This suggests that extra thought needs to be given
to situations where users can customize their own display colors. A limit may need to
be placed on the number of colors they can choose and the combinations they use.

Colors widely spaced on the color spectrum promote good comparative discrimi-
nation such as red, yellow, green, blue and brown, as well as orange, yellow-green,
cyan, violet and magenta. It should be kept in mind that if blue is used for text, num-
bers or small icons may not be legible. Blue is, however, considered a good back-
ground color (Langen and Rau 1990). Care should be taken if the designer is including
or excluding colors from a display on the basis of hue alone. Given the large variance
in saturation levels, one color can span a large area of the scale from light to dark. So
reliance on a single color name, such as green or red, may not be an adequate criterion
for making decisions as it will not encompass the actual color range.

Using more than four or five colors will result in a deterioration of absolute
discrimination, where a color is correctly identified when no other colors are dis-
played alongside it on screen. In this instance, the colors should be widely spaced
on the spectrum (e.g., red, yellow, green, blue, brown). Using a key to illustrate the
colors and to describe their associated meanings could be useful with this type of
discrimination. Brighter colors are likely to be more effective for extended viewing,
for emphasizing information and for older viewers. The following colors are listed
in descending order of perceived brightness: white, yellow, green, blue, red. If there
is a need to emphasize a distinction between types of information then contrasting
colors should be used. If the intention is to emphasize the relatedness of information
similar colors should be used, for example blue and green. It should be kept in mind
that high levels of lighting in the viewing environment will have an impact on the
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perceived brightness of colors. Colors may appear to be washed out in bright light
and this may result in more errors in identifying the colors. Xu and Zhu (1990) found
that the higher the ambient lighting level, the greater the effect. Therefore, the color
chosen for the display may need to be determined to an extent by the environment
in which it is to be used. On that basis, if trials are being arranged to test the likely
success of a system, they should be run in an environment where the lighting level is
the same as that where it will ultimately be used.

The perceived appearance of colors is influenced by other factors, such as the
total size of the area covered by the color in question, the other colors that fall within
the viewing area, the task being performed and any color-viewing deficiencies in
the user group. Color-viewing deficiencies are referred to more commonly as “color
blindness”. This is not a particularly accurate term because the individuals in ques-
tion are not blind to a particular color, they simply have difficulty in discriminating
between specific colors. Protanopia is a deficiency in viewing red, deuteranopia is a
deficiency in viewing green and tritanopia is a deficiency in viewing blue. Individuals
with these types of deficiencies may not be able to perceive a discernible difference
between hues, but they are likely to perceive a difference in lightness or intensity. Even
with these deficiencies, thoughtful display design will ensure that these individuals
can still use a system effectively.

A user’s understanding of what a color symbolizes may have an impact on how
successfully it can be used. Colors have different meanings in different contexts
and if they are used out of context they could cause confusion or interference. For
instance, applying green to a display command that is intended to stop the user may
not achieve the desired result given its association for many with “go”. It has been
shown that the degree of importance assigned to a word can be influenced by the
color in which it is presented. For example, the word “DEADLY” was considered
less hazardous when displayed in green than when displayed in red (Braun and Silver
1995). This has implications in terms of warning compliance. Adams and Edworthy
(1995) have referred to a study showing that the colors red, orange, yellow and white
are considered to represent decreasing levels of hazard.

Cultural stereotypes also influence the success of a user’s interaction when
viewing colors on a screen display. For instance, the color red is often associated
with danger in the UK and United States. However, in Japan it is associated with
happiness. Inappropriate use of a color in a particular culture could create problems
in terms of performance. This underlines the importance of generating a full under-
standing of a potential user’s typical experiences and expectations, both of which
will affect the success of the display design.

When actually choosing what colors will be used the designer has to understand
how the information being viewed by the individual will be used. This is essen-
tial if the chosen color is intended to be used to categorize information into orga-
nized blocks on the screen. All of the relevant information has to be presented in
the appropriate color for its category. Color can be used to categorize information
on the screen so that the user can attend to each section successively, or to follow a
particular sequence, or it can be used to categorize information with the same degree
of importance, or it can be used to categorize information of a particular type, or it
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can be used to categorize large quantities of information so that they are presented
in groups (chunks) making it easier to comprehend.

The positioning of colors on the screen is not a haphazard affair. To work effec-
tively, the use of colors and their location should be influenced by the way in which
the eye works. The eye is most likely to register green and red if they are employed in
the middle of the visual field. Because the retina is most likely to register blue, white,
black and yellow at its periphery, it is more effective to locate these colors on the
outer edges of the visual field. If decisions have to be made about how colors will be
arranged when several are being used together, it should be kept in mind that people
“expect” a natural order to color and the most acceptable order follows the colors of
the rainbow: red, orange, yellow, green, blue, indigo and violet. Simultaneous use
of highly saturated blue and red will cause repeated refocusing because the eye can
only focus on one of the two extreme wavelengths at a time. As a consequence, the
user is likely to experience fatigue (Langen and Rau 1990).

Consideration has to be given to the issue of how colors are going to be layered—
in other words, what will form the background and what will form the foreground.
If the foreground is very different from the background this will increase legibility.
With current monitors the most successful background/foreground combination is
black text on a light background of low intensity, such as gray. Fowler and Stanwick
(1995) have found that the size of text has to be increased to maintain legibility if it is
changed from black to color. They also suggested doubling the line width and using
bold. Alternatively, it is still considered that white, yellow and green work effec-
tively on a dark background. Warmer colors, such as red and orange, appear to move
toward viewers, getting their attention, which makes them suitable candidates for
foreground colors, unless they are fully saturated. Ideally, foreground colors should
have the same saturation and lightness.

For highlighting the foreground, a lighter version of the foreground color should
be used. Some designers have chosen to use a darker version of the foreground
color to “highlight” information thinking that this will be sufficient to draw atten-
tion to that information. However, this approach results in “lowlighting” as opposed
to “highlighting” which will remove the emphasis from the section in question.
If lowlighting is intentional it should not be used in conjunction with highlighting
because this can confuse the viewer.

The background color should be chosen carefully so that it functions as a passive
means to group related sections of information together. It should not be in com-
petition with the foreground for attention. At the same time, poor contrast between
brightness and hue of the background and foreground will reduce legibility (for
instance, blue text on a black background). Darker colors such as blue, green and
purple tend to recede visually which makes them most suited to being background
colors. Marcus (1986) has suggested a series of colors in priority order as suitable for
background colors; these are blue, black, grey, brown, red, green and purple.

Colors, of course, are not the only option to generate more successful screen
displays. The spatial layout can also be employed effectively. Sometimes the loca-
tion of a piece of information is sufficient to draw attention to it and using color is
unnecessary. Whatever colors are selected, they should be used consistently from
screen to screen and across systems.
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5.3.3 Lavourt

Designing a display system that flows logically will increase the speed with which
information is processed and the accuracy of the user’s response. If designers wish to
create a layout that can be used successfully, they need to follow a number of general
principles. People from Western cultures tend to start scanning information from
the top left whether the information is presented in printed form, such as a book, or
on a screen. Thus, the information that will be used most frequently or that is most
important should be located in the top left-hand corner of the screen. The most effec-
tive layout is one that follows a top-to-bottom, left-to-right format.

The information should be ordered in a logical sequence. It should be prioritized
so that the most critical information is presented first, subsequently cascading down
to information of the least importance. The sequence should minimize not only
movement of the input device when making selections but also should minimize
eye movement. Scrolling should be minimized where possible. The same sequence
should be employed within the system and across systems. Ideally, information
should be aligned. If manuals are to be used in conjunction with the screen, the
order in which the material appears on the screen should match the order in which it
is presented in the manual.

When information is presented, it should be of sufficient length to convey the
message but not so long as to be overwhelming. The individual pieces of infor-
mation required to complete one operation should be presented on a single screen,
if possible. If more information is presented on a single screen than is actually
required to complete the desired task, resulting in overcrowding, the user will take
longer to process all of the information and may make more mistakes. Scrolling
down lengthy screen pages should be avoided owing to the fatiguing effect of using
the mouse over extended periods.

Related information should be grouped together with sufficient space between
groups to show a clear demarcation. If there is a large number of groups of infor-
mation then the user should be presented with headings and subheadings to avoid
overcrowding. Each heading should be a precise indicator of the types of groups
that constitute its subheadings. If users have to transfer from one screen to another
to complete a task they should not be required to memorize information from one
screen for use on another.

When navigating around the system the extent to which the mouse and keyboard
are used should be kept to a minimum and the number of times the user has to
transfer the hand between these two items should be limited. Building in short cuts
for experts might be helpful; however, it should be kept in mind that using commands
rather than working through menus places a greater burden on memory. Response
time should be minimized and users should be provided with a message indicating
a delay if one occurs.

5.3.4 WOoRDING

Carefully chosen words that convey meaning easily are most likely to maximize
the efficiency with which people can use the system. The words employed should
be simple and clear and to that end the use of abbreviations or jargon should be
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avoided. Normal punctuation should also be used. Words that would be used in
everyday language by the workers are more readily understood, the emphasis being
on familiarity rather than word length. Once words have been selected for inclusion
in a screen display they should be used consistently and the focus should be on using
positive words rather than words with negative overtones. For example, using the
sentence “enter data in all boxes before clicking on send” is more positive than “do
not click on send before entering data in all boxes”. Correcting inappropriate use
of the system should also be accomplished using positive words rather than nega-
tive words that can be perceived as threatening. For example, rather than informing
users that they have made an “error” when entering data they should be prompted to
“re-enter names in alphabetical order”. This prompt draws the user’s attention to the
important element of the information and how it should be entered. A balance should
be struck so that the wording does not slip from being offensive or accusatory to
condescending. It is generally believed that attempting to work any type of humour
into a display intended for work use should be avoided.

Verbs that are active rather than passive encourage more efficient use of a system.
For instance, “Press F1 to return to main menu” is more immediately understood
than “The main menu can be accessed by pressing F1.”

Underlining wording as a means to draw attention to it should be used only in situ-
ations where the user is not under time pressure to complete a task. It has been shown
(Osborne 1985) that underlining results in a reduction in interline spacing and masking
of the lower sections of the characters thereby making the words more difficult to read.
Presenting whole words in a capitalized format also hinders performance.

Overall, the screen display should be visually pleasing. Galitz (2002) has summarized
what qualities make a display pleasing. These include balance, symmetry, regularity,
predictability, sequentiality, economy, unity, proportion, simplicity and grouping.

5.3.5 WIiNnpows

It is common for users to work with more than one window simultaneously. These
can be in a tiled format, where the windows are laid out on the screen like floor tiles
positioned side by side but usually in different sizes, or overlapping. What needs to
be kept in mind when selecting the style of presentation is that in the overlapping
styles, some windows may obscure information on other windows. To access the
information on other windows, users may have to click the mouse more frequently to
switch between windows. Care should be taken that users do not have to significantly
increase the extent to which they use the mouse as a result of the style of presentation
employed as this may increase fatigue and discomfort in the upper limbs.
Occasionally, additional windows are employed to display information such as
scanned documents. These documents can be printed forms or simply hand-written
letters that have been sent to the company and have to be processed through the
computerized system. Users are required to read the contents of the scanned docu-
ment and input details into other windows displayed on the screen. The quality of
scanned documents will have an impact on the ease with which the material can be
read and care should be taken that users, possibly already completing a demand-
ing screen-based task, should not be faced with the added burden of attempting to
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decipher poor reproductions. The provision of a “magnification” tool that can be
accessed easily and rapidly would be helpful, but again, using such a tool is likely to
result in increased usage of the mouse.

5.4 SUMMARY

e The manner in which information is presented to the user on a screen
display, the combination of colors and the wording used all determine how
accurately and quickly the information is processed.

* Developing a suitable screen display requires an accurate understanding
of human memory, perception, information processing, reaction time and
visual capability.

* Well-designed screen displays result in increased user satisfaction, greater
usage of the system, improved performance and productivity.

* The process of placing something in memory appears to involve three sepa-
rate phases: sensory memory, short-term memory and long-term memory.

* Sensory memory is considered to be a buffer that retains information for a
second or two. It is lost altogether unless transferred to short-term memory.

* Short-term memory lasts for approximately 30 seconds and it is believed that
around seven chunks of information can be held simultaneously in short-
term memory. If information has to be retained it needs to be transferred to
long-term memory.

e Information that is transferred from short-term memory to long-term
memory has to be rehearsed. This involves conscious interaction with the
information and a desire to transfer it into long-term storage.

* The capacity of long-term memory to store information is immense.

* The information stored in long-term memory is believed to be coded using
verbal and nonverbal systems.

* Long-term memory can be improved if the individual learns to encode
information so that it is more easily retained or stored.

* Schemata is related to the concept of chunks and relates to the organization
of information into meaningful groups.

* Associated with schemata are scripts which are sequences of events within
a particular setting. They represent expectations about how particular situ-
ations will unfold.

e If individuals see similarity between items to be learned they are more
likely to be remembered. This has significance in terms of training offered
to individuals about how to use their computer systems.

» If individuals are required to organize their own material prior to trying to
transfer it to long-term memory they are more likely to be successful recall-
ing it later.

*  Mnemonics is a system that helps individuals to impose an organized struc-
ture on things they need to remember in the future.

* The success of recalling information is influenced by the individual’s state
of arousal. The calmer and less anxious people are, the more successful
they will be at retrieving information.
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Once information has been committed to memory certain processes may
interfere with the ability to recall that information. This is referred to as
either retroactive inference, which results from the storage of new infor-
mation that undermines previously stored information, or proactive inter-
ference where an individual finds it hard to store new information because
of having already stored information relating to the same topic.

Sleep is an effective means of counteracting the difficulties in recalling
information. If people are able to sleep between their attempts at learning
something and the need to recall it their performance is enhanced.

The design of a display is more likely to be effective and maintain high
performance levels if it is meaningful and usable.

The text displayed on a screen should be legible by all age groups.

Users should be able to distinguish the text from the background and
surrounding materials easily.

The text should be easily understood.

The text should be in simple language.

The clearer the image, the more easily recognizable the words will be.
Legibility is affected by the size of the characters used, the height-to-width
ratio, character contrast, clarity and character format.

A font is a typeface of a specific size. Fonts draw attention to particular
areas of a display and differentiate them from each other.

Typefaces and character sizes should be limited to avoid screen clutter.
Simple font styles should be selected because they are easy to read.
Family relates to the various forms in which specific typefaces can
be displayed. It is easier to read a combination of families if they share
similarities.

Serifs are cross strokes seen on some letters.

In poor viewing conditions serifs become less distinctive making text
less readable.

As an alternative to serifs, sans serifs should be used.

The term “point size” refers to the distance between the top of a character’s
ascender and the bottom of a character’s descender.

Character height and stroke width have an impact on legibility.

Italics are most effective if kept to small areas of text only.

Boldface is most effective when used sparingly.

Using mixed case letters, a combination of upper and lower cases, increases
the speed with which people can read longer text on a screen. The combina-
tion of upper and lower case gives shape to particular words which makes
them more distinct from others and more immediately recognizable.
Using upper case for the whole word results in it losing its shape and being
less distinctive.

Whatever typeface, font size, family, race or case is used, the screen display
should apply the choices consistently.

Use of color adds interest to a display and if used correctly can assist in
differentiating between separate sections of information. Color can also be
used to identify relationships between items.

79



80

Office Ergonomics: Practical Applications

Color can be used to draw attention to important messages and to identify a
message’s status so the person does not actually have to read the content.
If colors are not used advisedly, they can be distracting and interfere with
the usability of the system.

If the wrong color choices are employed performance can deteriorate.
Where possible, the number of colors should be minimized. The more colors
that are used the longer an individual will take to read and understand the
material and users will be more likely to make mistakes.

The environment in which the color display is read will have an impact on
how easy the material is to read.

A user’s understanding on what a color symbolizes may have an impact on
how successfully it can be used. Colors have different meanings in different
contexts and if they are used out of context they may cause confusion.
Cultural stereotypes also influence the success of color choices in displays.
Careful consideration has to be given to color combinations. The choice of
foreground and background colors can affect legibility.

The choice of colors should be used consistently from one screen to another
and across systems.

Appropriate layout of a display will increase the speed with which informa-
tion is processed and the accuracy of the user’s response.

Information presented on the screen should be ordered in a logical sequence
and prioritized so that the most critical information is presented first.
Scrolling through long lists of information should be avoided.
Overcrowding of the screen should be avoided because it takes users
longer to process all of the information and they may be more susceptible
to making mistakes.

Overcrowding can be avoided by using headings and subheadings, with each
heading being a precise indicator of the types of groups that will constitute
the subheadings.

The wording chosen for inclusion in a display should convey meaning easily.
The words should be simple and clear, and abbreviations and jargon
should be avoided.

Normal punctuation should be used and the words should be in everyday
language that is readily understood.

The emphasis should be on using positive words rather than words with
a negative overtone.

Active rather than passive verbs result in more efficient use of the system.
Underlining should be used sparingly because it masks the lower section
of characters making them difficult to read.

The use of overlapping windows should be limited to avoid excessive use of
the mouse as the user clicks between different screens.



6 Input Devices

6.1 INTRODUCTION

A great many choices are available to users when it comes to input devices, not
only in terms of their shape and form but also their mode of operation. Keyboards,
mice, touchpads, tablets and pens, joysticks, pucks, touchscreens and voice recogni-
tion software (VRS) are commonly in use. Keyboards, mice and joysticks fall into
the category of indirect devices as they are positioned independently of the screen.
Fingers, used on touchscreens, and the voice, which operates VRS, are considered
direct devices because they have a direct connection with the screen. Direct devices
are simpler to use than indirect devices in terms of the psychomotor skills required
which has implications in the case of disabled users.

Even within one single item, such as a mouse, there are many options available
with regard to design and the technology used to operate the device. As is the case
with every other item used in an office setting, these pieces of equipment have to
be selected with care following thorough consideration of the implications of their
design features and how they are used. Appropriate selection and trialing of options
is advisable even for such seemingly simple equipment which many people view as
of secondary importance. It should be kept in mind that these pieces of equipment
will have a fundamental impact on the postures adopted by users when working—not
only upper limb posture but whole body posture as well—and workers will probably
be interacting with them consistently over an eight-hour period or longer.

There are a number of tasks that users perform with input devices and each
device varies in how well it performs these tasks. Therefore, before selecting a spe-
cific device, consideration has to be given to the task demands. Questions need to
be asked such as whether the device will be used to simply point at an object on the
screen or select it for further action, or perhaps track the movement of something
presented on screen, or whether items will be dragged from one area of the screen to
another, or whether the user will position or reorientate objects or whether they will
input or edit information.

6.2 KEYBOARDS

Very few users think to question the design of a keyboard even though it is used
for many hours a day, usually five or more days a week. The current “standard”
keyboard design is essentially based on the original typewriter layout dating from
over 100 years ago. It is commonly referred to as the QWERTY keyboard because of
the location of these characters in the top alphabetic row, moving from left to right.
When the typewriter was first invented the arrangement of the letters was in line with
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FIGURE 6.1 The posture of the hands dictated by the design of the keyboard (Bridger 2003).

the alphabet. However, this resulted in type-bar blockages when keys were depressed
in rapid succession, causing the type-bars to become entangled. The QWERTY layout
was devised to avoid blockages by actually slowing down typing speed.

Using a typewriter did offer a number of benefits which are lacking with today’s
modern technology. When using the oldest typewriters users had to return the carriage
manually at the end of each typed line. Paper had to be replaced at regular intervals.
Mistakes had to be corrected by using erasers or correction fluid. All these tasks
interrupted the typing work—which would have been beneficial.

Although standard keyboards have been in use for a long time and are the usual
choice in offices, there are a number of problems associated with their use. For
instance, the flat design of the QWERTY keyboard requires users to make postural
adaptations to conform to the keyboard (Barry 1995). Users have to work with
their hands pronated (with palms facing down) and in ulnar deviation (turned at
the wrist in the direction of the little finger) (see Figure 6.1). It has been suggested
that depending on the specific model of keyboard in use, this ulnar deviation can be
up to 25° from neutral (Zecevic et al. 2000). It has been suggested that the smaller
the keyboard, the more irregular the posture (Pheasant and Haslegrave 2006). This
is significant with regard to laptop computers and notebooks. Irregular upper limb
postures have been associated with the development of upper limb disorders. This
issue will be dealt with in more detail in chapter 11.

The QWERTY keys are allocated so that there is an unequal distribution of the
load between the hands, assuming “trained” usage of the keyboard. Noyes (1983)
established that 57% of typing is carried out by the left hand. Many common words
are typed solely by the left hand. The workload is greater for the little finger than for
other fingers (Cakir 1995). Only 32% of English words are typed using the home row
of a standard keyboard. There are high levels of “row hopping” as users move mainly
from the top to the bottom row of keys as they input frequently used sequences
of words. This reflects the extent to which the hands have to travel when operat-
ing a standard keyboard rather than an “ergonomically” designed keyboard which
suggests the upper limbs may be unnecessarily overused when operating a standard
keyboard. Kroemer (2006) states that the keyboard’s long-known faults warrant a
fundamental redesign. Zecevic et al. (2000) have stated that changes in keyboard
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design could not only improve hand position but would also maintain performance
at the same level or even improve it.

There have been efforts to change the design of the keyboard. The best-known
design change was suggested by Dvorak and patented in 1936. The aim of the Dvorak
layout was to present the alpha keys on the basis of the frequency with which letters
and letter sequences occur in English text. The rearrangement of keys resulted in an
increase in the workload of the right hand to 56% and the amount of keying performed
by any digit took into account the ease with which each digit could be used and its
relative strength. The home row contained the most frequently used letters, allowing
70% of inputting to occur on this row and 35% of commonly used words could be
typed from this row which minimized “row hopping.” It was reported (Buesen 1983)
that Dvorak claimed he could reduce the distance traveled by the fingers from 35 km
(21 miles) during a full day of typing to only 1.7 km (1 mile). Another design, pro-
posed by Maltron in the 1970s, resulted in 90% of most English words being typed
with the keys in the home row under the resting position of the fingers.

It has been suggested (Cakir 1995) that split keyboards may improve comfort and
reduce fatigue. These keyboards aim to present the keys so that they are aligned with
the natural resting position of the hands and fingers and with more natural position-
ing of the arms. This is in contrast to the standard QWERTY keyboard where users
have to adjust their finger, hand and arm positions to depress the keys. Alternatively,
contoured keyboards have been shown to reduce levels of finger and wrist muscle
activity (Gerard et al. 1994). Providing an adjustment feature to alter the slope will
aid comfort, but users should be restricted from using steep slopes that are likely to
result in them working with their hands bent from the wrists (extension). In contrast,
keyboards with a negative tilt have been shown (Simoneau and Marklin 2001) to
reduce wrist deviation. Overall, slimline keyboards are considered more likely to
result in suitable hand and wrist postures.

Fingertip force was identified some time ago as being associated with the devel-
opment of upper limb disorders in industrial settings (Stock 1991). Drawing parallels
with office work, keyswitch design has been shown to affect the fingertip force users
apply to the keyboard when keying (Armstrong et al. 1994). Rempel et al. (1997)
showed that applied fingertip force could be greatly influenced by the switch make
force—the minimum force needed to actuate a key, which is usually within the
first half of the total “travel” available. This is supported by Gerard et al. (1999)
who showed that keyboard users type with more force and report more discomfort
when typing with stiffer keyboards—that is, keys requiring higher minimum peak
force for depression. Rempel and Gerson (1991) showed that keyboard users can
employ 2.2 to 4.7 times greater force than the minimum force required to depress
keys. Bufton et al. (2006) showed that although users applied less fingertip force
to notebook keys than to desktop keys, they did apply greater overstrike force (i.e.,
more force than is necessary to successfully depress the keys) on notebooks than on
desktop keyboards. Gerard et al. (1999) suggested that providing auditory feedback
upon striking a key, usually an audible click, may reduce overstrike force. Bufton
et al. (2006) suggested that overstrike force when using notebooks might be reduced
by increasing tactile feedback and travel distance in keys. This has implications for
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the selection of notebooks, suggesting that consideration should be given to the form
and extent of feedback given to users when they are operating the keyboard.

The issue of feedback and overstrike forces has relevance to the use of infrared
keyboards. The outline for these keyboards is projected onto the desk surface. As
the user strikes a key (or at least the projected image of the key), a sensor located
on the desk picks up the position of contact relative to the projection and the appro-
priate character appears on the screen, just as if someone had struck a key on a
QWERTY keyboard. These keyboards appear to have a valid application in situ-
ations where space is at a premium and keyboard use is limited and intermittent.
However, extended use of such a system would have to be carefully considered. The
main concern relating to the use of infrared keyboards is the fact that users would
probably be hitting the surface of a hard desk with their fingers as they depressed the
keys. The resultant impact forces cannot be ignored. To limit these effects, it would
probably be advisable for the keyboard to be projected onto a thin rubber mat which
would be less destructive in terms of impact force as the fingers hit the “keys”.

The unnecessary use of greater force to depress keys, which in effect unneces-
sarily increases the workload for the upper limbs, suggests that this is an area that
should be tackled by training in appropriate keyboard skills. One of the drawbacks
resulting from the common use of computers is that users do not need to have acquired
specific typing skills to be able to perform a computer task. As a consequence, many
users have a tendency to employ keyboard techniques that are likely to increase their
workload and ultimately the likelihood of them experiencing discomfort. Given that
modern keyboards require only about one-twentieth of the force to depress a key
than did manual typewriter keys (Pheasant and Haslegrave 2006), applying excessive
force is a great waste of effort.

The provision of keyboards with integral numberpads should be reviewed.
Including a numberpad in the keyboard layout increases the width of the keyboard.
As the mouse is generally placed to the side of the keyboard, this layout results in
the mouse being further from users than they might wish (see Figure 6.2). This can
cause an increase in abduction and flexion of the shoulder (Cook and Kothiyal 1998)
which, over time, will contribute to discomfort. Users can experience even greater
discomfort if they are also sitting too low relative to their desks while using the
mouse. Unless an individual is a regular user of the numberpad, it would be benefi-
cial to provide a keyboard without a numberpad. This will allow the user to place the
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mouse closer and reduce the extent to which they have to move their arm out to the
side (see Figure 6.3).

The position of the keyboard relative to the desk edge is important. Sufficient
space should be left in front of the keyboard so that the hands and forearms can be
rested in between bouts of keying. However, the space should not be so great that it
causes the user to overreach to depress the keys.

The keyboard can be used to reduce mouse work in situations where a user is
experiencing upper limb discomfort associated with excessive mouse use. Individual
keys can be assigned as accelerators (also called short cuts or macros) that allow
the user to access menus without having to click the mouse to display the menu and
select from it. This is likely to be most successful with experienced users. However,
it should be kept in mind that this system relies more heavily on memory. A surpris-
ingly small percentage of users know that the function keys will permit them to
execute a menu-driven task without using the mouse.

6.3 MOUSE

The mouse is the most common input device used in conjunction with computers
(Woods et al. 2002). In terms of the psychomotor skills required to operate it, the
mouse requires a lower skill base for successful use than other input devices, such as
the trackball, because there is a close proportional relationship between how far the
mouse is moved, the direction in which it is moved, and the speed with which it is
moved and what occurs on the screen in terms of cursor movement.

It has been estimated (Keir et al. 1999) that computer users spend one-third
to two-thirds of their time using the mouse. In particular, work in computer-aided
design (CAD) is characterized by intensive mouse use (Unge Bystrom et al. 2002).
One of the major difficulties with mice is that many have not been designed using
basic hand-tool design principles whereby the object being gripped and operated is
actually designed to conform to the dimensions, shape and capabilities of the hand.
Many mice are simply a rectangular lump that does little to assist the user in terms
of comfort or ease of use. Despite the variety of users who are likely to use them,
very few mice provide a means to adjust their size to accommodate the hand of the
individual. The same sort of criticism can be leveled at a puck, which is similar in
shape to a mouse and is used with a digitizing tablet.

The design of the mouse generally requires a fully pronated forearm during its
operation, so the palm of the hand faces down, and extension of the wrist, where the
hand is raised upwards at the wrist away from the neutral position (Keir et al. 1999)
(see Figure 6.4). Some mice are so large, either in length or width, that the buttons
are difficult to reach which can result in repeated repositioning of the hand on the
mouse or overextension of the fingers to reach the buttons. Some mice are designed
to be operated by the right hand but left-handed users employ them on the left side
of the keyboard. The right-handed mouse obviously will not fit the contours of the
left hand satisfactorily. Aaras et al. (2002) have shown that a mouse designed so that
it can be used with a neutral hand position will significantly reduce musculoskeletal
symptoms among computer operators.
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FIGURE 6.4 The movement of the hand away from a neutral position when using a mouse
(adapted from BS EN ISO 9241-9: 2000).

A particular problem with the mouse is that its location is usually secondary
to the keyboard. In other words, it does not get prime positioning on the desk so
that it is close to and in front of the user. It is relegated to the side of the keyboard
and this often causes poor posture in the “mousing” arm. The actual wrist posi-
tion is heavily influenced by the location of the mouse relative to the seated user,
more than by the design of the mouse itself. Dennerlein and Johnson (2006) found
that there are differences in exposure to various biomechanical risk factors that are
dependent on where the mouse is positioned—for example, to the side of the user,
in front of the user or at a distance from the user. It has been established (Harvey
and Peper 1997) that use of the mouse to the right of a standard keyboard leads to a
significant increase in muscle tension in the upper shoulder, back and arm. Karlqvist
et al. (1994) showed that irregular wrist and shoulder postures were maintained for
a greater percentage of time while using the mouse than when using the keyboard.
Operating a mouse also requires greater static posture of the hand and fingers than is
the case when operating the keyboard. The greatest movement occurs when clicking,
and there is some side-to-side movement of the wrist as the cursor is repositioned
or as an item is dragged. Karlqvist (1994) showed that once users start to work with
a mouse, they can rotate their shoulder out to the side by more than 30°. The use of
a mouse is considered to be a risk factor for hand/arm disorders (Jensen et al. 1998;
Funch Lassen et al. 2004), and increased prevalence of neck and shoulder disorders
in the right side of the body has been associated with mouse use (Finsen et al. 2001).
Keir et al., (1999) have suggested that using a mouse over a long duration may expose
some individuals to carpal tunnel pressure levels that may initiate pathophysiologic
events that lead to carpal tunnel syndrome. A study by Woods et al. (2002) showed
that 42% of mouse users reported pain or discomfort associated with use of this
device. Other studies have shown that four hours of intensive computer work using
a mouse results in muscle fatigue in the forearm muscles without signs of recovery
after two hours of subsequent rest (Jensen et al. 1999).

Some users position their mice in even more extreme positions on the desk
because they are working in cramped conditions brought about by the number of
items they are working with simultaneously or by a worksurface layout that leaves
little “mousing” space. As a consequence, they move the mouse to the outer extremes
of their reach, such as alongside the screen. This is a prime example of how train-
ing, or lack of it, can influence the working practices adopted by users. Providing
an L-shaped desk may supply the additional space required for unhindered use of
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the mouse and this type of desk may also offer some support to the forearm. A
“wrap-around” or curved L-shaped desk is preferable to one that forms a 90° angle
where the two lengths of desk meet. If users do work at L-shaped desks it is important
that they sit at the appropriate height, as outlined in chapter 1. If they sit too low rela-
tive to the desk they will have to raise their arms and probably abduct them (i.e.,
move the arm out to the side) to rest their forearms on the desk surface as they use
the mouse. This is likely to result in discomfort in the mousing arm.

In addition to learning about where to locate the mouse, users need other advice
such as how to ensure that the mouse “cooperates” with them when they try to
move it. For that reason, users need advice on keeping the mouse clean so that the
undersurface ball does not stick and on how to change the speed of the mouse using
the software facilities. Many users work for years without any knowledge of these
simple issues. Users also need to be advised to take their hands off the mouse when
it is not in use. This will allow them to return their hands to a more neutral resting
position. Users should appreciate that some mice should be used with a mouse mat
to facilitate the movement of the rolling ball that activates the sensors within the
mouse. The mouse mat should be as slim as possible to avoid any deviation of the
wrist when leaning on it and the surface of the mat should provide sufficient friction
so that the movement of the device is predictable and smooth. Some users may wish
to use a mouse mat with an integral wristrest. Caution should be observed when this
type of mat is being used. On the one hand, the integral wristrest supports the wrist
and ensures that the hand/wrist remains in a neutral position. However, once a user
leans on this wristrest, their arm is, in effect, anchored in place. This will mean that
the mouse will be more likely to be repositioned by side-to-side movement of the
wrist rather than by larger movements of the arm, the latter being less fatiguing.
Users of this type of mat should be monitored. As an alternative, users of optical
mice that do not require mouse mats could try using a more mobile type of wristrest,
such as those that are styled like an ice hockey puck. They have a cushioned surface
to support the wrist, and they glide across the desk surface as the mouse is moved
and repositioned. It works effectively because it combines support of the wrist with
enabling the whole arm to be moved.

The mouse is used to achieve a number of different objectives. It is considered
to be most effective at pointing, selecting, drawing, and dragging. During dragging,
the button is depressed for a greater percentage of the working time than with the
other activities, and the pinch forces on the side of the mouse are about three times
greater. There is greater fingertip loading of longer duration during a dragging task
than during pointing and clicking (Keir et al. 1999). This suggests that it would be
advisable to reduce the extent of dragging involved in mouse use.

The current design-driven problems associated with mouse use suggest that they
should not be used for prolonged, uninterrupted periods.

6.4 TOUCHPADS

Touchpads are found on laptop computers and are used in place of a standard mouse.
They form a rectangular surface presented at the front of the keyboard and are
usually activated by the fingertips. Many users find that they can use only one finger
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on the touchpad if they want to avoid unintentional directional changes in the cursor
on the screen, which can occur if a second fingertip touches the screen and sends a
different directional message. As a consequence, the workload is focused on a single
finger and extended use can be fatiguing. As the touchpad is presented in front of the
keyboard, this can increase reaching when depressing the keys.

The touchpad is usually used in preference to the pointstick which can be found
in the center of the keyboard and looks like the top of a pencil. The pointstick can be
activated effectively only with the tip of one finger which focuses the workload on a
single digit. Given its location in the center of the keyboard the user also has to reach
forward when operating it.

Because of the positioning of the touchpad to the front and center of the key-
board, it is common for users to adopt an upper limb posture that involves ulnar
deviation, such as occurs when depressing the keys. Lengthy use of the touchpad
should be avoided owing to the poor postures employed and the reliance on one
finger to perform the task. Laptop users should be encouraged to attach a standard
mouse to their computers as an alternative.

6.5 TRACKBALL

Trackballs have been referred to as “upside-down mice”. Because they are used in
this orientation, they do not move around on the desk, so their space requirement is
not so great. A trackball rotates freely within its housing in all directions. Depending
on how the trackball is presented, it can be activated by the thumb, fingers, or palm.
As the ball is rotated, its direction and speed of movement are tracked and this is
translated into a proportional movement of the cursor on the screen. It is considered
to be most effective when used for pointing, selecting and tracking.

Working with a trackball that is centered at the bottom of the keyboard, such
as on a laptop, results in lower levels of activity in the shoulder muscles than is
the case with mouse work out to side of the keyboard (Harvey and Peper 1997).
However, it results in the most extreme wrist extension when compared with other
input devices (Woods 2002). This is due, in part, to the fact that a number of track-
balls are provided with built-in support for the hand but, as the support is elevated
above the desk, this causes the unsupported arm to “droop” onto the worksurface.
The degree of extension will obviously be related to the specific design features of
the model in use. The trackball is sensitive to touch, so users tend to work with their
fingers suspended above the trackball when not using it to avoid inadvertent activa-
tion. This is likely to be fatiguing. Rolling forces on the trackball of between 0.2 N
and 1.5 N are usually considered acceptable.

Some trackballs are “embedded” in standard mouse shapes and rely on the ball
being activated by the thumb alone. Reliance on the thumb to execute repeated
movements when it is held away from the main body of the hand should be consid-
ered carefully. Combined actions and postures such as these would be a concern in
relation to the development of upper limb disorders if identified when workers are
operating controls in an industrial environment.
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6.6 JOYSTICK

Joysticks are stick-shaped and are anchored at the base. A larger joystick operated
by the whole hand is intended to allow the user to adopt a more neutral position of
the forearm. It is designed so that the user can employ a power grasp rather than a
precision grip. However, using such a grasp may have an impact on the precision
with which it can be operated since using the whole hand in this manner generates
more gross movements. A joystick is most effective when used for selecting and
tracking. Therefore, it will probably work effectively in only a few applications.
Some designs rely heavily on the thumb to operate buttons at the top of the stick,
and extended use of the thumb in this manner may not be advisable. Smaller joysticks
are operated by the fingers alone and respond to fine movements requiring greater
motor control. The direction and distance over which the joystick moves is mirrored
in a corresponding movement of the cursor on the screen. If the joystick is used in
conjunction with a keyboard the user has to learn to switch between two completely
different ways of using the hand which can slow them down. It is generally considered
that the displacement in a hand-held joystick should not exceed 45° to the left and
right, 30° away from the user (forwards), and 15° towards the user (backwards).

6.7 TOUCHSCREENS

To operate a touchscreen, the user reaches and touches various areas of the screen.
This is one of the fastest means of pointing at stationary objects on a screen and is
used to best effect during pointing and selecting. However, it often results in users’
working with their arms outstretched and unsupported. One difficulty is that the
screen has to be positioned to accommodate two requirements: it needs to be far
enough away for users to read it comfortably, but not so far away that they have to
overreach to touch it. Similar concerns apply to the use of light-sensitive pens that
are pointed at specific locations on the display. This suggests that their use is not
advisable for prolonged inputting or interaction with the screen. They might be bet-
ter suited to short selection-type tasks in which an individual selects from a menu
and where there is little or no text inputting.

The size of an individual item of information displayed on the screen needs to
be considered carefully. It needs to be of a size that can be activated easily by users
with either small or large fingers. It also needs to be placed so that inadvertent activa-
tion is unlikely and the layout needs to be arranged so that priority information
is not located at the bottom of the screen where it might become obscured by the
outstretched hand. As the hand comes in contact with the screen on a regular basis,
this produces a requirement for more frequent cleaning. If users employ an object,
such as a pen, to touch the screen this may cause damage. It is likely that auditory
feedback as the screen areas are touched will facilitate performance.

If vertically presented touchscreens are to be used from a standing position they
should be positioned at a height where the user does not have to reach above shoulder
level. Horizontally presented touchscreens should be no higher than elbow height.



90 Office Ergonomics: Practical Applications

6.8 GRAPHICS TABLETS

Graphics tablets and pens are often used during drawing-type operations such as
CAD because of the increased precision offered by using the pen. However, a pinch
grip is employed to hold the pen and extended use of this particular grip is likely to
be fatiguing, so extended uninterrupted use should be avoided. This also applies to
the use of light pens that are pointed at a display.

There is a direct relationship between the direction, speed and distance of
movement on the tablet and the cursor on the screen. However, as the user has to
move between two different ways of using the hand if swapping between keyboard
and tablet, it may take some time to develop an appropriate skill base. The tablet and
pen are most effective when used for pointing, selecting, dragging and drawing. The
contact surface of the tablet should be flat and smooth and devoid of reflection or
glare. This is also the case where overlays are being used. Overlays are placed on the
surface of a tablet to indicate the graphics functions available to the user and these
should not be displaced unintentionally during use.

6.9 VOICE RECOGNITION SOFTWARE

Voice recognition software (VRS) is becoming an increasingly common tool in
offices as an alternative to using more traditional input devices such as keyboards and
mice. Many users who have disabilities or who have developed upper limb disorders
have turned to VRS as a means of continuing in their employment without the need
to rely solely on their hands to enter or retrieve data from the system. Users with
dyslexia have also used this system in preference to keyboards. It is worthy of note
that dyslexics can use text-to-speech systems that read back the text that has been
inputted, which avoids the need for the dyslexic user to proofread the text displayed
on the screen.

For VRS to work effectively, it has to be accurate and work at a speed appropri-
ate to the work rate required of the user. Introducing such a system is not straight-
forward and requires planning and effort on the part of the user because the system
has to “learn” to interpret what the user is saying as they speak, given their pattern
of speech, its pitch, rate and inflection. Continuous speech software is the preferred
option for users rather than discrete speech recognition software which is slower
and not as natural. Some organizations opt for the latter type because it is cheaper.
Organisations that may introduce VRS are quite diverse, and it is possible to select
a package that includes specialized vocabularies. Some systems will also respond to
voice commands for controlling the computer, such as running particular programs
and working with particular menus.

Before starting to work with the VRS system the user has to train the system to
recognise their voice. This is achieved by reading aloud for about 30 minutes into a
microphone during the “enrollment” phase. Some specific VRS systems require up
to 75 minutes of reading time. The software analyzes the sounds and converts them
to text. The reading material is preselected and is normally displayed on the screen.
Once the user has completed the enrollment phase, they can start to use the system.
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To utilize the system effectively, users must learn to talk fluently and clearly so
that the VRS can recognize what they are saying. This is more difficult than might
be imagined, as during normal speech an individual will often mumble, hesitate
or slur words. Once this system is in use, users should gather their thoughts before
speaking and then talk in complete sentences. Proofreading will be required, since
the system will misinterpret words and the errors will have to be corrected. Some
VRS users are under the impression that although they might input the main body of
their text by voice, they may have to edit material by using the keyboard and mouse.
This is not the case as the system has been set up so that editing can be achieved
using the voice. The system should learn from the correction process which will
improve future accuracy.

From a practical point of view, consideration has to be given to the environment
in which the system will be operated. Although microphones are adept at filtering
out background noises that might interfere with speech interpretation, very noisy
backgrounds, such as in a call center, may require a higher-specification micro-
phone or the individual may need to be moved to a quiet area. This might also be
needed if the user deals with confidential material or, alternatively, if other users find
VRS use distracting. It should be kept in mind that if users are unwell, for instance
with a cold, this may change their voices to the extent that misinterpretations by the
system occur.

As might be expected, it has been established that the hand is less tied to the
keyboard/mouse during the use of VRS (Juul-Kristensen et al. 2004). However, it
has also been shown that the eyes and head do remain in a fixed position for a longer
period of time as a result of viewing the computer screen. Reports of overuse of the
voice are also becoming more common. This can be combated by ensuring that, as
is the case with all repetitive work, users take regular breaks and perform a variety
of tasks and they should also speak in a normal voice rather than a raised voice when
using the system. As a consequence of the possible adverse effects resulting from
overuse of VRS, it has been suggested that VRS should be used more as a supple-
mentary tool to traditional computer input devices as a means to reduce the risk of
overloading the muscles in the forearm, shoulder, and neck (Juul-Kristensen et al.
2004) rather than being the sole means of inputting/retrieving data.

6.10 GENERAL DESIGN REQUIREMENTS

Whatever input device is selected, those that are operated by the hand should suit
the shape and contours of the hand and fingers. The device should move smoothly,
be easy to control and operate and not require excessive effort. It should allow for
precise manipulation, respond promptly and be capable of being used intuitively.
The settings should be capable of being changed without difficulty. To ensure that
these requirements are met it is recommended that any buttons incorporated into the
main body of the device be designed so that users can avoid inadvertent activation
when their hands or fingers are in the “at rest” position. However, this should not
result in excess force being required to depress the buttons. Displacement forces of
between 0.5 N and 1.5 N have been suggested. The buttons should be shaped and
positioned so that they align with the fingers and can be depressed easily. A dis-
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placement of about 5 mm is likely to provide suitable feedback to the user, this feed-
back being “experienced” through the fingers. If a user has to hold a button down
for extended periods to complete a task, such as drawing, consideration should be
given to providing either a software or hardware feature for locking it in the desired
position. When buttons are being depressed this should not result in inadvertent
movement of the device.

Left- and right-handed versions of the input devices should be available to users.
Some users may choose to alternate the hands used for operating an input device
and the design of the device may necessitate the provision of two separate units.
Care should be taken if users start to use their non-preferred hand for long periods,
in case this provokes discomfort in this limb. Although most users are able to build
up an appropriate skill base with their non-preferred hand, this limb tends to have a
lower workload generally and may not have developed an appropriate level of “work
hardening” to meet the demands of the task without encountering difficulties.

The area of the device that comes in contact with the hand should not present
angled or sharp edges to the user to avoid pressure points. The material used should
be shaped and textured to minimize the possibility of the hand slipping. The weight
of the device should not affect the ease with which the task is completed.

If the device is to be cabled, as opposed to wireless, consideration should be given
to the length of the cable so that it does not limit the user’s choice over where it is posi-
tioned. The weight and tension of the cable may influence the perceived directional
“pull” of the device when in use and this type of interference should be eliminated.

Response time between activation of the input device and reaction on the screen
should be such that the user does not perceive a delay. A signal speed of about 20 ms
should have no impact on performance. Feedback should be immediate, perceptible
and understood by the user. It should also be consistent.

The device should be presented so that it can be gripped, maneuvered and oper-
ated quickly and easily without any degradation in performance. This will be influ-
enced by the design of the input device itself, the design and layout of the workstation
and the position of the user relative to the device.

Given that there are so many options among input devices, it is advisable to trial
them before introducing them on a large scale. As was suggested in chapter 3 in the
section relating to trials of workstation furniture, feedback forms should be used
during the trial phase. Table 6.1 provides an example of a rating scale that can be
used during the trialing of input devices. One form is completed after every device
is used. The device should be used during normal working procedures for about four
hours, with appropriate breaks during that period. Care should be taken that users
included in the trial adopt a suitable working posture during the trial so that there is
no bias from a source removed from the input device itself.

6.11 SUMMARY

* Input devices need to be selected with care following a thorough consider-
ation of their design features.
* Input devices should be trialed before being introduced for everyday work.
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TABLE 6.1A
Sample Rating Scale to Be Used during the Trialing of Input Devices

INPUT DEVICES TRIAL

Itis ESSENTIAL you read the information below
BEFORE you answer the questions overleaf

Itis a very important part of the equipment selection process to seek the opinion of those who will
use it.

You will be asked to try a number of different input devices. You will be asked to use one at a time
under normal working conditions at your own workstation.

Once you have used the device during a working period of about four hours please complete this
rating scale. Complete a separate rating scale for each input device used.

User name:

Type of device:

Operated in which hand:

Used for what tasks:

Date:

1.  How easy/difficult was it to use the device?
1o, 2 B Ao, 5 [ TP 7
Very difficult Very easy

2. How do feel about the speed at which it moved?

Unacceptable Acceptable

3. How smoothly did the device move during use?

Very jerky Very smooth

4.  How easily could you co-ordinate the movement of the device with the movement on the screen?

Very difficult Very easy

5.  How much effort was required to move the device?

A great deal Very little
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TABLE 6.1B
Sample Rating Scale to be Used during the Trialing of Input Devices

6.

10.

11.

12.

13.

14.

15.

16.

How much force was applied to the device to effect a change on the screen?

Excessive Very little

How accurate was it?

Very inaccurate Very accurate

Could you place the device in a suitable position during use?

Not at all Completely

How would you rate your overall comfort levels when using it?

Very uncomfortable Very comfortable

Did you experience any discomfort in your thumb when using the device?

A great deal None

Did you experience any discomfort in your fingers when using the device?

A great deal None

Did you experience any discomfort in your wrist when using the device?

A great deal None

Did you experience any discomfort in your forearm when using the device?

A great deal None

Did you experience any discomfort in your upper arm when using the device?

A great deal None

Did you experience any discomfort in your shoulder when using the device?

A great deal None

Did you experience any discomfort in your neck when using the device?

A great deal None
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The use of input devices has an impact on the upper limb and whole body
postures adopted by the user.

The current QWERTY keyboard is essentially based on the original type-
writer design dating from over 100 years ago.

A number of postural problems are related to the design and layout of standard
QWERTY keyboards.

The use of a QWERTY keyboard causes the user to work with the palm
facing down and the hand turned at the wrist in the direction of the little
finger which is a rather stressful posture.

Smaller keyboards tend to result in more irregular limb postures. This has
significance in terms of laptops and notebooks.

The QWERTY keys are allocated in such a way that there is an unequal
distribution of the load between the hands.

The QWERTY keyboard results in high levels of row hopping as the user
moves from the top to the bottom row of the keys. This is an inefficient
means of working.

Split keyboards aim to present the keys so they are aligned with the natural
resting position of the hands and fingers.

Contoured keyboards have been shown to reduce the levels of wrist muscle
activity.

Slimline keyboards are considered to be more likely to result in more suit-
able hand and wrist postures.

Fingertip force is associated with the development of upper limb disorders.
Keyswitch design has been shown to affect fingertip force applied to key-
boards during key depression.

Keyboard users tend to type with more force than is necessary. This is
referred to as overstrike force.

Providing suitable auditory and tactile feedback may reduce overstrike force.

Laptops and notebooks tend not to provide the same level of auditory and
tactile feedback as standard QWERTY keyboards. This may explain why the
greatest overstrike forces occur with these types of keyboards rather than with
QWERTY keyboards.

Training should be used to address the problem of overstrike force.

The inclusion of a numberpad on the keyboard results in irregular position-
ing of the arm when the mouse is in use. Unless the numberpad is in use
frequently, a keyboard without one should be provided.

Keyboards should be positioned approximately 10 cm away from the
leading edge of the desk to provide sufficient space to rest the hands and the
forearms between bouts of keying.

The keyboard can be used to reduce the amount of mouse work performed.
Individual keys can be assigned as accelerators (short cuts or macros) that
allow the user to access menus without having to use the mouse. This system
relies more heavily on memory.

The mouse is the most common input device used in conjunction with
computers.
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The design of the mouse requires a fully pronated forearm, with the palm
facing down, and extension of the wrist, with the hand raised up at the wrist.
Left-handed users are frequently forced to operate right-handed mice. If the
mouse is contoured it will not fit the contours of the left hand and is not a
satisfactory arrangement.

The mouse is usually given a position secondary to the keyboard. As a con-
sequence, the mousing arm regularly ends up in a poor posture.

Operating a mouse requires greater static posture of the hand and fingers
than is the case when operating the keyboard.

Users need advice on how to keep their mice clean and how to alter the speed
setting using the software facilities. Many users are unaware they can change
these features.

If a mouse mat is in use, it should be as thin as possible and should provide
a surface with sufficient friction so that the device will move predictably
and smoothly.

Touchpads are common on laptop computers and are used in place of a
standard mouse.

Many users employ a single finger on the touchpad when operating it, which
focuses the workload on a single digit.

The positioning of the touchpad can result in irregular postures of the hand
and the arm.

Trackballs are considered to be upside-down mice.

A trackball is activated by the thumb, fingers, or palm. It results in the most
extreme wrist extension when compared with other input devices.

As a trackball is sensitive to touch, users tend to work with their fingers held
above the trackball when not using it, which is fatiguing.

Heavy reliance on the thumb to operate small trackballs should be reviewed
carefully owing to the association with overuse of the thumb.

The use of large joysticks allows users to adopt a neutral position of the
hand and forearm. They are also able to employ a power grasp rather than
a precision grasp.

Employing a power grasp on a joystick results in more gross movements and
may limit its application in situations where fine movements are required.
Smaller joysticks can be operated by the fingertips and will enable more
fine movements to be made.

Touchscreens are one of the fastest means for pointing at stationery objects
on a screen.

One difficulty in using a touchscreen is that it results in users working with
their arms outstretched and unsupported. This suggests that touchscreens
are not suitable for extended uninterrupted use.

The size of individual items displayed on a touch screen should be consid-
ered carefully. They should be arranged so there is no inadvertent activa-
tion. As the hand comes in contact with one part of the screen, it should not
obscure information presented in another part.

Auditory feedback as the touchscreen is used should facilitate performance.
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Vertically presented touchscreens operated from the standing position
should not be presented above shoulder level.

Horizontally presented touchscreens should be no higher than elbow height.
The use of a graphics tablet and pen requires a pinch grip to hold the pen.
This could be fatiguing during extended uninterrupted use. Users should be
aware of the need to put the pen down at regular intervals.

For voice recognition software (VRS) to work effectively, it has to be accu-
rate and work at a speed appropriate to the work rate required of the user.
The VRS has to learn to interpret what users are saying as they speak, given
individual patterns of speech, pitch, rate and inflection.

Before starting work with VRS, a user has to train the system to recognise
their voice. This involves reading preselected material.

During the enrollment phase the user must speak fluently and clearly. They
must try to speak in a similar manner once they start to employ VRS as a
normal part of work. To that end, users need to avoid mumbling, hesitating
or slurring their words.

VRS users keep the head and eyes in a fixed position for longer periods of
time as they view the computer screen.

VRS has been known to result in overuse of the voice. This can be combated
by taking regular breaks and by ensuring that users speak in a normal voice.
Input devices should suit the shape and contours of the hands and fingers.
The input device should move smoothly, be easy to control and operate and
should not need excessive effort.

Any input device should allow for precise manipulation, respond promptly
and be capable of being used intuitively.

Any buttons on an input device should be easy to reach and use.

Left- and right-handed versions of input devices should be available for
users so they can choose the appropriate model.

The surface of the input device should be smooth and have no angled or
sharp edges that can produce pressure points.

Cables attached to an input device should not change the ease with which it
can be used and moved.

The response time between interaction of an input device and reaction on
the screen should be such that the user does not perceive a delay.
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7 Organizational Issues

7.1 INTRODUCTION

Organizational issues should demand a lot of attention for the very simple reason
that if they are managed correctly they will reduce the risk of an arduous task. How-
ever, if they are badly managed, this could increase the likelihood of individuals
encountering difficulties. To allow a job to be performed without risk to the user,
thought has to be given to a number of issues such as the speed with which the task
is performed, how long it is performed without interruption, how long a rest break
should be and whether there is variety in the work.

7.2 JOB DESIGN

Office work has undergone a radical change over recent years. Technological changes
have led to a situation where users have little reason to leave their workstations.
Previously, anyone who worked in an office had a range of tasks to perform, such as
filing, photocopying, faxing, collecting and reading reference materials, attending
meetings, dealing with mail and so on. Today’s office is managed in such a way that
workers can access almost anything they need using their computer system. They
rarely need to collect a reference document because they can get what they need on
the Internet or the company’s intranet. They do not need to deal with mail or attend
many meetings because they communicate by e-mail. Faxes can be sent directly
from computers, eliminating the need to walk to a remote fax machine. There are
many types of business where workers do not have to deal with any documents—for
example, call centers. Some computer users do not even have the luxury of dialing
their own outgoing calls, as the computer system does that for them. All the user
has to do is listen for a buzz in the earpiece to know the telephone line is open and
then talk.

From a business point of view it makes sense to ensure that the workforce
“specializes” in particular fields. By specializing in one field they become skilled
at that particular task and faster. The only problem with this approach is that the
task becomes monotonous and repetitive. As a consequence, many workers have
started to experience discomfort and pain brought on by the repetitive nature of
tasks, usually combined with a lack of rest breaks and a lack of task variety. When
a job lacks variety it ultimately means that the body, or small areas of the body such
as the hands or arms, are used repeatedly in the same way. This way of working is
repeated throughout a working day and from day to day. As a consequence of this
type of work the musculoskeletal system can become overloaded because it was not
designed to be used robotically over extended, uninterrupted periods of time.
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Putz-Anderson (1988) has offered a means of determining when tasks are consid-
ered highly repetitive. He stated that a task with a cycle time of less than 30 seconds,
or one in which more than 50% of the cycle time involves performing the same kind
of fundamental cycle, can be classified as highly repetitive. It is likely that many
keyboard users can be considered to be performing a highly repetitive task given
the frequency with which they depress the keys. This is also likely to be the case
with some mouse use. Some incidental tasks that accompany the keying/mousing
task may also be performed repetitively without this being noticed. For instance,
if an individual refers to a document while keying the details into the system, they
may rotate their head from side to side as they refer to the document and then look
back at the screen. It is common for users to complain about neck pain and often the
repetitive swinging of the head back and forth is overlooked as a possible contributor.
Data entry operators usually key in at very rapid rates, with 25,000 depressions per
hour not being uncommon. Although this element of their task is correctly identified
as highly repetitive, their other repetitive task often goes unseen. Data entry opera-
tors usually refer to paper documents that contain the data they are inputting and as
they key the data in with one hand, often with the right on the numberpad, they flick
the paper documents over quickly with the left hand as they transfer each document
from the “to-do” pile to the “done” pile. The repetitive gripping and turning of the
documents is an integral and potentially hazardous element of their task and should
be included in any consideration or assessment of the task.

Offering variety in the work is one way of reducing the risk of users experiencing
symptoms of ill health. In factory settings, operators who perform highly repetitive
assembly-type operations would be offered job rotation, in which they move from
one distinct task to another after a period of time, such as an hour or two. The aim of
rotation is to offer them a break from a particular feature of one task that might be
considered hazardous by moving them to a qualitatively different task where the pre-
viously identified hazardous element is absent. For this system to work effectively,
a full understanding of all of the task demands is required. There are many tasks
in factories that place very similar, if not identical, demands on the operators and
simply moving operators to different positions along the length of an assembly line
will not guarantee that they will benefit from the change. Prior to any program of
rotation being developed, a full analysis of the tasks should be undertaken. This may
require a detailed analysis of the postures employed, both upper limb and whole
body, the sequence of movements required, and the forces employed, as well as a
breakdown of the cycle in terms of duration and repetition. To ensure that there are
sufficient numbers of skilled operators to move between the tasks, they should be
offered appropriate training in each of the tasks they may be expected to perform.

It is unlikely that a job rotation system would be employed in an office setting.
The alternative approach that can be suggested in an office is to offer workers the
opportunity of carrying out other tasks in addition to the work they already perform.
This is referred to as “job enlargement” and does not usually entail an increase in
responsibility. If the work lends itself to this process, perhaps some workers could
share the task of opening the mail rather than one individual carrying out this task.
Perhaps filing could be shared out between users rather than having office juniors
carry out all of this work. There are many tasks that have been relegated to the
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“menial” category and that are carried out by a single individual within the office.
Also, some businesses take this relegation approach because it is a more efficient
system that ensures that workers remain at their desks, continuing to work without the
distraction of doing other tasks. This whole area should be revisited and approached
with a different perspective. To ensure that the process of enlargement works effec-
tively, users should be briefed that they must use the additional tasks to interrupt
their screen-based work at regular intervals. They should not view these additional
tasks as something to get out of the way as quickly as possible so they can get on
with their “real” job, the screen-based work. They must understand the benefits to be
gained from using these additional tasks to break up their screen-based work.

Job enrichment is a further option; it is different from job enlargement in that
it gives workers greater responsibility for their own work. For instance, they might
be able to make a greater contribution to how they feel they or their team should
perform their own tasks. This approach creates a more positive attitude to work and
reduces monotony.

7.3 WORK RATE

It is not possible to state categorically what speed people can work at safely and
comfortably in an office, apart from making a general comment that they should
work well within their “optimum” level of functioning. Given that people are so
different, they will have their own individual levels of ability and as a consequence
can potentially work at different speeds. However, most working environments
impose expectations on employees in terms of what they have to achieve by the end
of their working day.

To maintain the work rate within a zone that is considered acceptable, a number
of matters need to be addressed. The first of those is the issue of work hardening.
It is generally considered the case that, over time, people develop a level of task
fitness to meet the day-to-day requirements of their work. This takes a period of
time, usually weeks, during which the person works consistently, eventually coping
with the demands of the tasks without feeling particularly fatigued—assuming that
the task demands were not excessive in the first instance. This process is identical to
that which occurs when an individual takes up a new sport. Most people accept that
it will take them some time to become accustomed to the demands of a new sport
and after a period of exposure they will feel that they can cope more easily with the
demands of that sport. Because it takes time to become work-hardened, it is usually
recommended that new recruits be introduced to new ways of working on a gradual
basis. Allowing them an acclimatization period makes them unlikely to be pushed
to a point where their level of task fitness falls short of what is required to perform
the task. If such a mismatch occurs, this is likely to be a source of difficulties for the
workers. It is common for them to experience physical discomfort in such circum-
stances, particularly in the upper limbs.

A similar acclimatization period is needed, ideally, when people are faced with
an increase in workload or change in working circumstances generally. A sudden
change in the way they have to work can be sufficient to trigger feelings of ill health.
It is common for certain departments within organizations to be presented with
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cyclical peaks and troughs in workload. Accounting departments often find that at
the month end or year end they have to prepare spreadsheets or printouts that require
a lot of intensive keyboard and mouse work. These changing demands do not sit
comfortably with the general view that it is desirable to have a level of demand that
remains consistent from day to day and from week to week, avoiding the peaks and
troughs that can cause sudden increases in work demands.

An individual’s level of work hardening will decrease following an extended
absence from work, such as through sick leave or maternity leave, and once they
return to work they should not be expected to pick up exactly where they left off and
get on with their work at the same pace as before their absence. Anyone returning to
work after an absence should be permitted to return on a gradual basis so that they
can build up to their previous level of output. Putting this in a sporting context again,
if an individual had not played a sport, such as football, for weeks or even months,
no one would find it hard to accept that they needed time to get reaccustomed to the
sport before being able to play at the same level again. The same thought and con-
sideration should be given to people in the workplace. This principle is also relevant
when workers have extended holidays or the business closes down for a holiday
period, such as at Christmas.

People who are responsible for determining their own way of working should
be aware of the need to work consistently throughout the day. Few appreciate that
working intensively at the start of their shift, followed by a more leisurely second
part of the shift, actually has a more detrimental effect on them than working at a
steady pace throughout the day. Again, putting it in a sporting context, most people
would accept that if running in a marathon they would be more likely to successfully
complete the marathon and avoid adverse effects if they ran at a consistent pace from
start to finish. Workers would readily accept that if a runner set off at a rapid rate at
the start of a marathon, they would be unlikely to get very far before experiencing
ill effects such as extreme fatigue which, ultimately, might result in them failing to
complete the race. This has parallels with the workplace. People will work more
comfortably with more consistent quality if they maintain a steady pace through-
out the whole of the working period. This clearly illustrates the need for awareness
programs for employees so that they understand what can cause them to experience
discomfort or ill health and the need to develop suitable working practices.

7.4 REST BREAKS

Having established what work needs to be completed by an individual and within
what timeframe, consideration needs to be given to the rest breaks. Decisions need
to be made about how frequently and for how long an individual can take breaks.
In the past, many offices followed the traditional pattern of one midmorning break
of about 15 minutes, a lunch break of between 30 minutes and one hour and a
15-minute break midafternoon. In effect, workers got a dedicated rest break about
every two hours. Although some offices maintain this regime, many have abandoned
it in the belief that workers are able to take breaks away from their desks any time
they like, within reason, and therefore there is no reason to provide dedicated rest
breaks. This approach needs to be monitored closely for a number of reasons. For
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instance, some office managers may have a perception that workers can leave their
desks at least once a hour to collect a drink from a vending machine, thereby offering
arest break. However, it is common for groups of users to work as part of a team and
for each member of the team to take it in turn to collect the coffee for the remainder
of the team members. If there are eight users in the team and they have coffee hourly,
this could result in team members five, six and seven having to wait until lunchtime
before they leave their desks, as team members one to four have collected the coffee at
9.00 am, 10.00 am, 11.00 am, and noon. Other businesses use monitoring systems in
which workers have to record each time they leave their workstations by both logging
off the system and manually completing a paper record. They have to specify on the
paper record the time they left, the time they returned and the reason for leaving. It
is common for office managers to compare the computer-generated statistics based
on the logging on/off times with the manual record to identify any discrepancies in
times recorded and to expect an explanation if there is a greater discrepancy than they
deem acceptable. Such a system actively discourages individuals from leaving their
workstations. This is also true of an overbearing management style in which an office
manager or team leader glances at their watch each time an individual leaves and
returns to the workstation in order to calculate the length of the break. If workers are
not going to be provided with formal rest breaks, then the system in place should not
actively discourage them from leaving their workstations at regular intervals.

It is generally accepted that if people perform a continuous screen-based task,
they should be able to stop work at hourly intervals. This can be achieved by perform-
ing another, non-screen-based task or by having a dedicated rest break. Although
many office jobs are heavily reliant on the use of computers, there are still a number
of tasks that employees perform that could be used to interrupt their screen-based
work—for instance, sorting and opening mail, making telephone calls, attending
meetings and filing. Workers need to understand the importance of managing their
work so that they use incidental tasks to get a change in activity and a break from
the computer. For those who do nothing other than interact with a computer system,
there is no choice but to offer them additional dedicated rest breaks.

Although it may appear that some office personnel work in very negative environ-
ments where they are almost continually attached to their computers, it has to be
recognized sometimes that users get more breaks than they realize, even if they
are not permitted to take formal rest breaks. This aspect is particularly impor-
tant in situations where risk assessments are being completed in respect of user’s
workstation and task demands. An assessor may be told by a user that their work is
90-95% computer-based, which would be a concern, but with a little bit of explora-
tion the assessor may find that this is not the reality of the situation. For instance,
it is common for users to share printers, which could result in them leaving their
workstations several times an hour or many times a day. They may have to access
paper files stored in another area of the office, which necessitates that they leave their
workstations both to collect the files and to return them. They may need to collect
drinks from a caf€ in another area of the building. They may have to leave the build-
ing to smoke. They may attend meetings or team briefings every day or every week.
In general, there are many additional activities to which people are exposed during
the course of their work, which many of them do not recognize and whose benefits
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they therefore do not see. However, this does not overlook the fact that there are
many individuals working in offices who have nothing to do other than interact with
their computers and these are the ones who require priority attention.

When deciding on a system of breaks, decision makers should understand
that what is important about break taking is the timing of the break. How long the
break lasts is the secondary issue. Rest breaks should be taken before the onset of
fatigue, not at the point when people are already starting to feel tired and when their
performance is deteriorating. If the break is taken before the onset of fatigue the
individual can be considered to be resting. If people take a break after they have
started to get tired they are actually considered to be recuperating. Once they return
to work after their break, the individual who took the pre-fatigue break will be able to
pick up where they left off, thereby maintaining their performance at the same level,
whereas the individual who took their break post-fatigue will find that they have to
build back up to their peak level of performance. This shows that individuals who
take more regular breaks, and at intervals that prevent the onset of fatigue, maintain
their performance at a more consistent level throughout a day when compared with
whose who wait until they are tired. One problem is that, on a superficial level, some
companies view break taking as non-value-added time and as such believe breaks
do not contribute to business efficiency. However, this is a very short-sighted view.
People who have short regular breaks are better performers than those who work
longer before having a break. Hourly breaks when the screen-based work is continu-
ous are considered appropriate. Breaks every two hours when there is variety in the
work is also appropriate. Workers who find that they are under pressure on occasion
to hit targets may decide to work through breaks to make up time and catch up. This
is often combined with working a longer day, such as coming in earlier and finishing
later. It is at times like this that they make themselves vulnerable to injury.

Some organizations enter into phases of negotiation with their workforce about
the rest break allowances and often suggest options in terms of break taking. If people
are expected to choose a work-rest schedule, it should be from a position of knowl-
edge regarding what are considered suitable working practices. This has particular
relevance when it comes to deciding on the length and timing of breaks. It is common
for representatives of the workforce to negotiate for a total number of minutes in
breaks per day and then to specify when these minutes can be taken. However, where
this negotiation often fails the workforce is when they come up with the option of
allowing people to work through one or more of their breaks so that they can leave
earlier at the end of the day. All this achieves is users working with their computers
for longer uninterrupted periods. Anyone making decisions about how long people
will work and what system of breaks they will be permitted should have a thorough
understanding of what is most likely to promote a safe system of work.

7.5 OVERTIME

It is not uncommon for office staff to work overtime. Obviously overtime results in
them remaining in the working environment for a longer time than their standard
daily working hours. As a consequence, they are exposed to the same working con-
ditions for an extended period, and if that environment contains adverse elements,
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it is likely that overtime will increase the risk of injury, or at least dissatisfaction.
Although remaining at the office longer is the recognized impact of overtime, it is
rare to recognize that overtime also results in a reduction in out-of-work hours and
a reduction in potential rest time at home. Therefore, when considering the effects
of overtime, employers need to include both aspects in the equation. Particular care
needs to be taken with employees who have reported experiencing musculoskeletal
symptoms such as backache or upper limb discomfort. If they are exposed to working
conditions that are likely to be provoking their symptoms, such as highly repetitive
keyboard work or poor workstation design, then questions need to be asked about
whether it is advisable for them to work overtime. Clearly, many businesses rely on
their employees working overtime, but they should realize that this overtime needs
to be monitored and managed properly. Care should be taken that the staff members
take regular breaks during the period of overtime and if they start to experience ill
health as a result of working extended hours thought should be given to stopping it.

7.6 INCENTIVES

Incentives can take many forms. Employees can be paid an extra amount for every
additional item of work they process. They can be offered treats, such as vouchers
for particular stores or membership in gyms, if they achieve their targets. Teams can
be offered away-days or meals in restaurants based on their annual performance.
All of these incentives are intended to increase the likelihood of users hitting their
targets which are set by the company and intended to increase business efficiency. The
difficulty with offering any kind of incentive is that it can have a noticeable effect on
the way an individual chooses to work. Frequently, incentives cause people to work
faster or work longer hours. It is not uncommon for workers who have monthly or
quarterly targets to change their pattern of work suddenly as the deadline approaches.
They start earlier in the day, work through breaks and remain in the office longer at
the end of the day. Some may even take work home. It should not be surprising when
such individuals start to complain about pain or discomfort or generally start to feel
pressured and dissatisfied. The impact of incentives needs to be monitored carefully.

7.7 MOTIVATION

Motivation is an internal state that develops within an individual and is experienced
only by that person. It varies over time and across situations. It results in a desire
to act and is mediated by an intention to act in a particular way. A person’s state
of motivation can be influenced by external factors, including other people. It was
suggested by Maslow in the 1950s that motivation was the driving force behind
behavior. He wrote that people had five classes of needs which could be arranged in
a hierarchy. The most basic needs at the bottom of the hierarchy are physiological
needs, including those for food, drink and shelter. Once these needs are fulfilled,
they are replaced by others higher up the hierarchy. The next level includes safety
needs such as security and freedom from fear. The third level is described as social
needs and includes acceptance, affection and belonging. The fourth level is repre-
sented by self-esteem needs, such as achievement, recognition and approval. The
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final level is self-actualization, where Maslow believed people would reach their full
potential. A fundamental belief behind Maslow’s theory is that higher-level needs do
not present themselves in the equation until the lower-level needs are satisfied. The
effort to fulfill these needs drives behavior. A single motive may result in a series of
behaviors, whereas one act on a person’s part may have many motives, each of which
can vary in intensity.

Motivation can be manipulated by offering workers rewards such as bonuses.
This is referred to as extrinsic motivation, which is different from the intrinsic moti-
vation experienced when people are interested in the work they are doing. It has been
suggested that personality traits such as extroversion and introversion affect how
successful incentives are at motivating people. Extroverts do better when rewarded
for success, whereas introverts improve their performance more if they are penalized
for failure. High achievers tend to be motivated simply by performing a demanding
task. Low achievers are motivated more by external rewards. External rewards will
change the way people view the tasks they are being asked to complete and influence
the strategies they adopt to complete them. If an individual is being offered a reward
to improve performance, they need to have an expectation that they are likely to suc-
ceed before they start. If they feel they are trying to achieve an impossible goal, they
will be “demotivated,” regardless of the reward being offered. Offering a significant
incentive perceived as having a high value (monetary or otherwise) can actually
impair performance if the individual becomes anxious.

7.8 SHIFT WORK

Shift work is not generally associated by many people with office work. People tend
to view offices as operating traditional 9.00 am to 5.00 pm schedules. However,
there are many options available to the workforce that allow them to work outside
of the normal office hours, mainly supported by the use of flexi-time. There are
also many office environments that operate shift systems so that they have 24-hour
coverage, such as call centers, emergency services, breakdown services and overnight
secretarial services (known as “night owls”). Shift work usually means that there is
a handover of duty from one individual to another; this can occur in the afternoon,
at night or over a weekend. Shift workers in offices can work shifts of 12 hours or
more, but many work the standard 8-hour shift. Shift workers also usually work a
rotating shift pattern where they work on nights, followed by time off, followed by
daytime work. A slight variation on the typical form of shift work involves those
individuals who are required to be “on call” throughout a night or weekend having
already worked a full day.

It has been established (Monk and Folkard 1992) that workers who cover night-
time hours or early mornings tend to experience a number of unpleasant side effects,
including a disruption of the internal body clock. The internal body clock regulates
the sequence of biological activities that have an impact on how the body functions
at any particular time of the day. For instance, heart rate, body temperature and
blood pressure are higher during the day than at night. The cyclical increase and
decrease of those elements is referred to as the circadian rhythm; it is influenced
to an extent by external cues, both social and physical, such as regular mealtimes,
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regular bedtimes, external light levels and patterns of behavior such as regulated
work times. Although the internal body clock will adapt to changes in working
patterns, such as when an individual works through the night, it is unlikely that it
will ever fully adjust to night time working. If the worker has days off, such as over a
weekend, and adopts the more normal pattern of getting up in the morning and going
to bed in the evening, their body clock will try to reset itself. This undermines the
previous adjustment phase, making it more difficult for the individual to cope with
night time work once they go back to work after the weekend. If an individual works
a rotating schedule that alters the shift every week, they may find that they remain
in an interim state of not adapting to suit any shift pattern, which can culminate in
circadian dysrhythmia and very poor sleep patterns. Temporary workers who are not
familiar with the prevalent shift system within an organization may struggle to cope
with shift work. Those who have worked a different system for another employer
may find it even more difficult.

Sleep disturbance is a common feature of shift work. Some find it hard to go to
sleep during the day. Others may find that their sleep is interrupted by other people
making noise as they go about their daily lives and because it is generally brighter.
Daytime sleep does not appear to have the same restorative qualities as night time sleep.
This is mainly due to the fact that daytime sleep is often lighter and shorter than night
time sleep and can be interrupted by noise. If an individual becomes sleep-deprived,
there is likely to be an impact on performance, particularly in tasks involving decision
making or monitoring. Reaction time and memory will also be adversely affected.

Sleep disturbance can lead to fatigue, as can disruption of the internal body clock
(Kroemer and Grandjean 1997). Fatigue can be described as a decline in mental func-
tioning and physical performance. The situation can be compounded by a heavy or
demanding workload. Chronic fatigue, which can result from badly managed rotation
of shifts and excessive working hours, can culminate in serious long-term health
problems, such as digestive disorders and heart disease. Other ill health encoun-
tered by individuals working on shifts over long term periods includes reproductive
problems in women (Nurminen 1998) and a worsening of pre-existing health condi-
tions such as epilepsy, asthma, diabetes and mental illness. Individuals with diabetes
may be considered more vulnerable generally because taking their medication is time-
dependent. Shift workers also are more vulnerable to minor ailments such as colds and
flu. To allow for an accurate diagnosis of shift-enhanced ill health, workers should be
encouraged to inform their doctors that they work shifts. As a result of their poor sleep-
ing pattern, some employees may start to rely on sleeping medication, and those who
experience fatigue at work may start to rely on stimulants of varying types to remain
alert. All of these factors are likely to have an impact on their performance and can be
disastrous in safety-critical situations. Supervisors, generally, should understand and
recognize signs of shift-related problems so that they can step in when necessary and
take appropriate action to control or combat the consequences of such problems.

The overall impact of shift work is mediated by personal characteristics. For
instance, some individuals find it easier than others to go to sleep and stay asleep
during the day. Those with a history of sleep disorders are more likely to struggle
with sleeping during the day. Workers who find that they need nine hours or more
of sleep to feel refreshed are less likely to cope with shift work successfully than
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individuals who only need five hours of sleep or less. People who normally “get up
with the larks” find it more difficult to adapt to night time work, as do people over
50 years old. Young workers and new and expectant mothers are also considered
more vulnerable if included in shift work. Levels of general fitness appear to have
an impact on the ability to adapt to changes in working pattern. Anyone with a
history of drug or alcohol abuse or with a known mental health problem will be
less successful at working shifts. Individuals who try to fit in a second job and
those who have many household duties to deal with will also struggle to cope with
changes in working patterns.

Those who are robust enough to cope with shift work will continue to work
within such changing patterns of work and those who are not will opt out of the
upheaval caused by shift work by finding another job. Those who remain are likely
to be individuals who are better at developing and adopting coping strategies that
make it easier for them to adapt to working late nights. This might suggest that in
order to assist the workforce to cope with working on shifts, they should be helped
to develop suitable coping strategies. For example, rather than offering night workers
stodgy meals such as chips and pies, employers should offer them lighter, tasty meals
that are easier to digest. This will make the workers less likely to suffer indigestion
as a result of trying to process heavy foods late at night when their systems would
normally be suppressing food intake. Workers should be offered advice about the best
times to eat and what sorts of food they should avoid. Employers should also ensure
that the restaurant/canteen facilities offered to night workers are as good as those
offered to employees working during the day. Employers might also need to consider
increasing the temperature in the offices for night workers to combat the effects of
the normal night time drop in body temperature. They should review transportation
facilities and commuting times for their workforce and identify whether these factors
play a part in increasing fatigue, particularly among early starters and late finishers
who may find it hard to use public transport during “out of service” hours.

Shift workers should be advised about other coping strategies, such as devel-
oping regular sleeping patterns. They should approach daytime sleep just as they
would night time sleep and go through the same rituals, such as going to the bedroom
to sleep rather than sleeping on the sofa, closing the curtains, cleaning their teeth
and changing into night clothes. In addition, they should switch off the ringers on
telephones and introduce a system so that family members know that they are asleep
and avoid disturbing them. To ensure that they are ready for sleep once they get into
bed, they should avoid drinking anything containing caffeine up to five hours before
bedtime. They should not use alcohol as a means to hasten the onset of sleep as this
is likely to result in disruption of sleep. Workers should be advised to go to sleep as
soon as possible after they return from their shift, rather than doing household tasks
or watching television.

It has been established (Hiyashi et al. 2004) that a 20-minute nap will maintain
alertness and performance at higher levels while at the same time lowering levels of
mental fatigue; in contrast, a 20-minute rest simply reduced subjective experiences of
fatigue temporarily. Thus, employers might want to consider a more radical approach
to combating fatigue caused by shift work. However, this approach has to be taken
with care. If workers nap for longer than 20 minutes they can wake up feeling less
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alert and not refreshed. This may have an impact on their productivity and increase
the risk of mistakes or accidents. It can take up to 15 minutes for these individuals to
get back to their normal functioning level. This has implications in situations where
the individual has to make decisions that are important or safety-critical. There are
other practicalities associated with this approach. Appropriate rest facilities would
need to be provided, along with an area where individuals could freshen up before
starting back to work. Nappers would have to be supervised so that they did not inad-
vertently, or deliberately, sleep beyond the 20-minute allotted period.

It appears that weekly rotation of shifts, which involves individuals working
between four and seven days before changing to another shift, is the most disruptive.
This is because it does not offer sufficient time for the body clock to adjust but pres-
ents plenty of opportunity for sleep deprivation to amass. The extremes of rotation
appear to be more successful. Working for one or two days before changing shift or
working three weeks or more appear to be better at reducing the number of difficul-
ties encountered by the workforce. It has also been suggested (Monk and Folkard
1992) that a shift system that moves in the clockwise direction—so that the individual
works the morning shift, followed by the evening shift, followed by the night shift—
is more likely to result in a successful adaptation by the workforce than a counter
clockwise system in which the individual works nights, then evenings, then days.

Shifts of eight hours are considered to be the most likely to result in consis-
tently better work. For that reason, it is recommended that individuals performing
safety-critical tasks or tasks requiring concentration and alertness should work only
eight-hour shifts. Twelve-hour shifts offer benefits to the workforce in that they will
probably work a shorter week. However, their fatigue levels are likely to be higher
at the end of the shift and during the night, which will have an impact on perfor-
mance. Limiting 12-hour shifts to two or three consecutive nights is likely to limit
the buildup of fatigue. People working a standard eight-hour shift should not have to
work more than seven consecutive days before having time off. As workers are likely
to become more vulnerable to illness if they work in excess of 12 hours per shift, the
amount of overtime performed should be limited. Working in excess of 12 hours is
usually accompanied by a deterioration in alertness and accuracy which is likely to
result in reduced quality of work. If working shifts in excess of eight hours, particu-
larly night shifts and shifts that start before 7:00 am, people should not be required
to work more than two to three consecutive shifts. Split shifts, where an individual’s
daily work is divided into two separate shifts, result in increased fatigue because this
lengthens the overall working day. Fatigue is heightened in situations where people
have insufficient time to return home to rest between the two parts of the shift.
There should be sufficient time between shifts to allow an individual to travel home,
eat properly, sleep for a suitable length of time and be involved in some family and
social activities. It is advisable for a shift worker to be allowed two full nights’ sleep
when changing from day to night shift or night to day shift. Two days of full rest
are generally considered necessary for full recovery from a shift in excess of eight
hours at night or with a very early (pre-7:00 am) start before moving to a day shift.
Shift workers should not be required to work overtime. To ensure that they do not
feel obliged to do so, systems should be established to cover absenteeism, changes in
workload and any emergency situations.
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It has been suggested that, if it is not possible to control the performance effects of
shift work by ensuring that workers get sufficient uninterrupted sleep or by employ-
ing them on a particular shift for long enough, the employer should consider how
work is distributed relative to the time of day. Because memory and reaction time are
adversely affected by lack of sleep, perhaps tasks reliant on these aspects should be
performed during the day. This has implications in terms of training and instruction
intended for shift workers. Dangerous or safety-critical work should be performed
during the day if possible. Simpler tasks can then be performed at night. To maintain
alertness, there should be variety in the work; alternating between sedentary tasks
and more physically demanding tasks will be the most effective schedule. If there
is no choice but to have workers perform work that might be considered dangerous
or critical during times when they are likely to be sleepy, such as at night, they need
to be made fully aware of the risks associated with their particular shift pattern and
the implications of errors or misjudgments. Lone workers should be encouraged to
develop a system of reporting to other workers at regular intervals through their
shift, and if they are working remotely from the main office site they should have the
communication facilities to do so.

7.9 COMPRESSED WORKING WEEK

A number of organizations that operate a 36-hour working week have considered
whether they should permit their employees to work nine-hour days. This would
result in the employees working a four-day week and having three days off. For the
workforce, this sounds like an ideal solution for getting the balance right between
home and work life. It appears that office workers do not display any adverse effects
from working a nine-hour day, perhaps because they are not performing physically
arduous tasks. As might be expected, office workers are more tired at the end of a
nine-hour day than after an eight-hour day, but there does not appear to be any reduc-
tion in the quality of their performance. Having three days off appears to allow full
recuperation from the effects of the longer days. Generally, levels of satisfaction are
higher among individuals working a compressed working week owing to the fact that
they have an extra day off work. From the company’s perspective, it does not seem
that productivity will increase as a result of this approach to the working week and
it has been stressed that identical responses to a compressed working week will not
necessarily be replicated in other professions or other types of working environment
(Josten 2002). Generally, employers are advised against introducing nine-hour days
where the workload is emotionally or physically demanding, where the employees
have little choice over whether they wish to work a compressed working week, where
an employee is not in good health and where it is likely that the employees will have
to work more than four consecutive nine-hour days.

710 MANAGING CHANGE

A structure is needed within an organization so that it functions effectively. This
structure determines the division of work and how all of the activities performed by
the workforce are coordinated. When an organization restructures, it has to examine
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the vertical and horizontal divisions within the company. Vertical divisions relate to
the hierarchy within the organization and are categorized by the degree of autonomy
and authority associated with a role. Horizontal divisions relate to how one job
differs from another and how each fits into a particular department.

It was suggested by Robbins (1992) that a number of forces result in organiza-
tional change: rapid changes in technology, competition, economic crashes, political
climate and social trends—for instance, more female workers in an environment that
was previously male-dominated. These forces prompt the acquisition of vast amounts
of new information and associated training, but previous knowledge and training
becoming redundant. There may also be variations in patterns of work and sometimes
even relocations in the business. Such changes suggest that a flexible workforce and a
business that is capable of restructuring are desirable. To be introduced successfully,
change has to be planned and all likely responses should be anticipated. For instance,
change brings with it uncertainty. Employees may fear the unknown and be unsettled
by the knowledge that they need to acquire a new set of skills. This threatens the
expertise they may have built up over years. They may need to form new relationships
with people they have not worked with before. Some workers do not like to change
well-established patterns of work and do not want to make the extra effort required
to learn a new system of work—unless financially compensated. Some workers may
resist change because they are complacent and do not believe there is a need for
change; others may be concerned that they will lose power following a restructur-
ing of the organization or may lose their jobs altogether. On the whole, people resist
change because of the personal loss they believe accompanies it.

For any change to be accepted successfully, one key point to be acknowledged
is that generally people do not change themselves; they are influenced by others
to change. As a consequence, they are more likely to accept change if they under-
stand what is about to occur, if they believe they have had some input, if previous
changes have been introduced successfully, if the consequences of the changes are
understood and predictable, if the process of change is introduced through combined
planning and if there is overt support from higher management.

Reactions to change may vary significantly. The immediate reaction of some
may be to resign from the organization. Others may show active resistance to the
change by refusing to accept it or by attempting to modify its form. In addition to
showing personal defiance, these individuals may encourage others to follow their
lead and resist also by, for example, going out on strike. Alternately, there may be
group inertia where the whole group is obstructive and refuses to cooperate as a
means to reinforce the position of the individual who shows resistance. Once a group
is involved, it is difficult for individuals to adhere to the changes because they could
attract the disapproval of the group and possibly some form of penalty from it. A
less extreme form of resistance may be demonstrated by some who employ behaviors
that show their opposition to the change, perhaps through tactics that slow down
the process of change, such as withholding information that is required prior to the
change occurring. Such resisters do not appear to be overtly opposing the changes,
but their behavior speaks volumes. Other people affected by the change process may
accept it passively, even though they may not be happy about it, because they believe
it to be inevitable. This cannot be viewed as creating a positive working atmosphere.
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Others may have a more positive acceptance of the changes while at the same time
they have some reservations. These individuals may spend some time juggling the
pros and cons of the changes in their own minds. More positive attitudes are shown
by individuals who either accept the changes or actively support them.

There are a number of ways of reducing resistance to change. As change is more
likely to be successfully introduced when people understand the process, educating and
communicating with the workforce is desirable. Although this can be time-consuming,
requiring the input of a number of individuals within the organization, it often results
in the workforce throwing their weight behind the change having been persuaded of
its merits. Asking these same people to participate in generating the change package
is also likely to be beneficial because it encourages commitment. This also provides
an opportunity for the change agents to gather more pertinent information relating to
the changes from the individuals who will be affected most during the process. This
process can unfortunately prove time-consuming if the workers provide unhelpful or
inaccurate information. Should people still resist change because they are not adjust-
ing well to it, the organization can offer support. If the resistance is born out of a
recognition that an individual or group will lose out as a result of the changes, they can
be encouraged to accept them by being offered some form of negotiated settlement.
However, this sets a precedent that may be expected during any future changes and this
may be very expensive for the company. Finally, if companies are in a situation where
time is running out and they have tried all other options, they can attempt to combat
resistance to change through manipulation of a situation or coercion. Both of these can
backfire on the company, leaving them discredited in the eyes of their workforce.

Part of the success of introducing change is using the right people to push
through the changes. In-house staff and people from outside the organization can
all contribute to the change process; however, each can make either a positive or
a negative contribution. Using in-house personnel to manage the change process
means that the change agents have a more accurate view of how the organization
functions; they are closer at hand so are more readily available; they are known to
the workforce; they have more control and authority within the organization; and
there are generally lower costs associated with their use. However, as an integral part
of the organization they may not see what is going on right under their noses; they
may have biased opinions of what is right for the organization and the workforce;
and they may create resistance if they are not perceived to be impartial. Independent
change agents tend to have a more objective view of the organization and have more
experience in dealing with a wide range of potential problems, having encountered
them in other organizations previously; and they are likely to have contacts they
can call on for support or additional input. The downside of using external change
agents is that they do not have a detailed working knowledge of the organization, are
unknowns and have higher associated costs.

711  SUMMARY

» Office workers should have variety in their work.
* Repetitive work can result in the development of upper limb disorders if
sufficient rest breaks are not available.



Organizational Issues 113

* Job enlargement results in more tasks being performed without an
increase in responsibility.

* Job enrichment gives workers greater responsibility for their own work,
which increases satisfaction and reduces monotony.

* Workers need an acclimatization period to become accustomed to their
work demands and to be considered work-hardened or task-fit.

* An acclimatization period is needed if the workload or working conditions
are changed and following an extended absence from work.

¢ Employees should work consistently throughout the day and from day to
day and avoid peaks and troughs in activity.

* Computer users need regular breaks from their screen-based work. It is usually
recommended that they have a break of about five minutes every hour.

e The system of monitoring employees should not discourage them from
taking regular breaks.

* Breaks from screen-based work can include performing other non-screen
based-work or taking a rest break.

* Breaks should occur before the onset of fatigue.

¢ OQOvertime not only exposes the individuals to their working environment for
longer, it also reduces out-of-work resting time.

* Employers should ensure that regular breaks are taken during overtime hours.

* Employees experiencing work related ill health should not work overtime.

* Incentives can adversely affect the way in which people work and should
be monitored.

* Motivation is an internal state that can be influenced by external factors
such as other people.

* Motivation can be manipulated by offering rewards. The rewards will influ-
ence the strategies adopted to complete the work. Some strategies may have
adverse effects.

* Working night shifts can disrupt the internal body clock and have an impact
on biological activities and body functions.

e It is unlikely that the internal body clock will fully adjust to night time
working.

* A rotating schedule of shifts that alters every week may result in the
individual not adapting to suit any shift pattern.

* Sleep disturbance is a common feature of shift work. This can have an
adverse effect on reaction time and memory.

* Chronic fatigue resulting from badly managed rotation of shifts can result
in serious long-term health problems.

* Problems encountered by individuals working shifts over long periods include
digestive disorders, heart problems, reproductive problems in women and
worsening of preexisting conditions such as epilepsy, asthma, diabetes and
mental health problems.

e Personal characteristics play a part in how well a person copes with shift
work.

* Employers should assist shift workers to develop coping strategies.

*  Weekly rotation of shifts is considered to be the most disruptive schedule.
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* Working one or two days, or three weeks or more, before changing shift is
more successful in terms of adapting to shift work.

* A shift system that moves in a clockwise direction where the individual
works a morning shift followed by an evening shift and then followed by a
night shift will result in better adaptation than a counter clockwise system.

» Shifts of eight hours are likely to result in consistently better work.

» Shifts of 12 hours should be limited to two or three consecutive nights to
avoid the buildup of fatigue.

* Consideration should be given to assigning certain types of work to certain
times of the day depending on the shift worker’s level of fatigue and alertness.

* Compressed working weeks result in higher satisfaction among office
workers.

* Employees fear the unknown and may resist change. They are more likely to
accept change if they understand what is about to occur, they are involved,
there is support and previous changes have been successful.

e Communication with the workforce prior to and during the change will
reduce resistance to change.



8 Training

8.1 INTRODUCTION

This chapter is not intended to cover the topic of training in terms of an individual’s
professional development within an organization. It deals with the need to train
people to work safely, comfortably and happily within their working environment.

For some reason, when it comes to working in offices it is often assumed that
people will know how to use desks and chairs and will know the best ways of working.
There is a common belief that because people have been sitting on seats since they were
babies they must know how to sit. Yet why would anyone know how to use three or
four adjustment mechanisms on a chair to adopt a suitable posture relative to the desk,
keyboard and mouse unless they were shown? They will not get divine inspiration; the
knowledge will not suddenly present itself inside their heads. People need to be given
specific and detailed information and training relating to the use of their workstation
equipment and how they should work safely—not just how they do the job. This infor-
mation needs to be presented in a format that is easy to understand, that relates to their
own workstations and working environment and that they will remember.

Training and information are needed not only to advise people about what they
should be doing when at work in order to avoid premature fatigue, injury, or dis-
satisfaction; training should also draw their attention to the likely consequences of
working in unsuitable postures and the possible adverse effects of bad habits. The
aim of the training should be to ensure that the workforce avoid injury or ill health as
a result of their work or the way they do it. The training should be part of an explicit
intention to develop a more positive attitude to health, safety and well-being in the
workplace, and the aim should be for this attitude to become second nature. If the
training is successful, the employees will feel more competent in contributing to
risk reduction strategies in the workplace. As a natural byproduct, effective training
should also reduce the costs associated with ill health and absences resulting from
it. The success of training is, in part, influenced by the company’s perception of it.
For instance, does the company take the approach that training is an investment,
or does it believe that it represents simply a cost to the company? If the latter is the
case, training will often be under-resourced and competency may not be viewed as
an ongoing issue needing regular updating.

Training is the means by which an individual acquires a set of rules, concepts,
skills and attitudes. It is generally intended that training will lead to an improvement
in job performance. However, training should also be viewed as a means to avoid
work-related ill health. Whatever form the training takes, it should aim to achieve
three things: the acquisition of knowledge, the creation of procedures and practices,
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TABLE 8.1
Feedback Loop for Improving Training Procedures

Consider if Training is
Required

}

Determine the Training
Needs

|

Identify the Objectives <

)

Decide on
Presentational Methods

)

Deliver Course <

}

Validation and
Evaluation

A

and the development of an appropriate skill base. Table 8.1 shows a simple but
accurate feedback loop that can guide through the development and implementation
of any training. Lambert (1993) has suggested a way of ensuring that training works
effectively: it should be “double SMART”’. (see Table 8.2).

Irrespective of how well thought out a training program might be, it should not
be used, or viewed, as a substitute for proper risk control. For instance, if employees
are given non-adjustable chairs to use when sitting at their desks, no amount of train-
ing will overcome the impact of the chairs’ poor design.

8.2 THE TRAINEES

At the outset of the program, consideration should be given to who needs to be
trained. Although the initial concern may be that the general workforce needs to
be educated in appropriate posture and workstation arrangements, managers and
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TABLE 8.2
The Conditions Under Which Training Works Best

S Specific in that it should define and demand observable behaviours.

Significant in that it makes a valid contribution to the desired culture,
vision, mission and goals of the organisation.

M Measurable in that it can be applied over time consistently and
constantly in all appropriate situations.

Meaningful in that it is congruent with the values and proper
expectations of the individuals who must make it work.

A Achievable by the participants with further support.

Attainable within the organisational, economic, legislative and social
climates as it exists.

R Realistic in that adequate time is designed into the programme for
sufficient threat-free practice by all.

Reward-driven within the existing or emerging culture, so that desired
behaviours will be reinforced in activity.

T Timely so that it meets the credible present and future needs of the
organisation.

Team-orientated.

supervisors also need to know what is required if they are to monitor the situation
after the training has occurred. In addition, they should lead by example and they
can only do this if trained themselves. Training offered to supervisors and managers
should include additional information relating to their responsibilities with regard
to health and well-being in the working environment, and they should understand
how the training and its intended outcomes fit into the overall company approach to
health and safety. Many of them will be ignorant of not only the company’s expecta-
tions of them but also of the legal requirements. Additional advice on hazard identi-
fication and risk reduction strategies would be of benefit to them.

Some trainees have a preferred learning style. If this “fits” with the preferred
teaching style of a trainer or the organization as a whole, the training is likely to be
more successful. It has been suggested (Honey and Mumford 1982) that there are
four learning types: activists, reflectors, theorists and pragmatists.

Activists are happy to encounter new experiences. They are not skeptical but
rather are open-minded and quite enthusiastic about all things new. They thrive on
on-the-spot problem solving and do not resist change. Unfortunately, they tend to
rush into change without due consideration and have a tendency to become bored
after the initial enthusiasm has waned.
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Reflectors prefer to stand back and evaluate what is occurring around them. They
draw together information from many sources before deciding exactly what course
of action they should take. As a consequence of steadily collecting information and
analyzing it, these individuals are slow to make decisions about a course of action—that
is, they delay the inevitable. These are the individuals who sit at the back of the training
room and observe but not necessarily contribute until they are certain of everyone else’s
position on the training content. They are also less likely to offer the trainer an insight
into where their concerns lie, because they are unlikely to be very forthcoming.

Theorists tackle all learning situations in a very logical way. They can pull
together different arguments to reach a single conclusion. They analyze everything
and reject any suggestions that do not offer certainty. They are likely to ask detailed
questions during training and take a disciplined approach to the course. They are,
however, intolerant of ambiguous messages during the training.

Pragmatists are willing to try out new approaches and techniques to test whether
they work in the real world. They leave a training course full of enthusiasm and try
out all the suggestions made during the course. They tend to be practical, problem-
solving individuals who enjoy the challenge of trying something new. They are likely
to reject any training that they feel is purely academic with no real application.

To summarize people’s preferred learning styles, they can be divided into active
and passive types. Active types learn by using their initiative, actually getting on
and doing what they are supposed to do and exploring and testing new ideas. Passive
individuals learn by observing, asking questions, imposing an interpretation on what
they hear and see and reviewing their position on situations. Different types of learn-
ing rely on different learning methods. Table 8.3 provides insight into the types of
learning methods employed by each style of training.

It is believed that people of low self-esteem are more easily persuaded by the argu-
ments put forward by a trainer than are those of high self-esteem. Connected to this
issue is the desire for social approval. Those who have a deep-rooted need for social
approval are more likely to be influenced by what others do, such as whether they agree
with the drive to change working behaviors. It also seems that if people are forewarned
about the likely approach of the course, and how it might question their current beliefs
about working, this will make them easier to persuade during the course.

Consideration needs to be given to any special requirements of those likely to
attend the course—for instance, whether any have problems with vision or hearing, or
have learning difficulties. All need to be catered to satisfactorily and this can only be
achieved if the trainer is aware in advance of the course that they will be attending.

All course participants should sign an attendance sheet which should be stored
for future reference. Although it may seem obvious, when filling in the attendance
sheet each trainee should print their name clearly before signing alongside it. This is
particularly important for the company because it avoids any disputes in the future
as to whether a particular individual did attend a course.

If there are many people within the organization requiring training, they will
need to be prioritized in some way. It is probably a good starting point to ensure that
all new recruits are given the training as part of their induction at the outset of their
employment. Those who have complained about encountering problems or those
who have been identified as being particularly at risk, possibly during a risk assess-



TABLE 8.3

Types of Learning Methods Employed by

Each Style of Training

Training Type

Learning Method

One-to-one coaching

Doing

On-line systems

Using initiative

Practical sessions

Using initiative/testing

Initial induction

Listening/questioning

Job shadowing

Observation/testing

Mentoring

Exploring

Networking/seminars

Listening/questioning

Long distance learning

Using initiative/exploring

Evening classes

Listening/questioning

Practical projects

Exploring/doing

Competitions

Using initiative/exploring

Workshops

Reviewing/doing

Mock-ups

Doing
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ment process or through general observations, should be included in the first batch
of training. People who are taking on different and more challenging aspects of work
should also be given priority.

Using personal development plans is useful within an organization. This allows
employees to define their own personal training needs and to specify how these might
be achieved. This can assist in tailoring training to suit the individual’s specific needs.

8.3 TRAINING METHODS

Training can address all the topics of interest in one session or a series of sessions
can address parts of what an individual has to assimilate. The latter approach ensures
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that people are not overloaded by the need to learn simultaneously about using their
chairs, the layout of their desks, the use of their equipment, the need to take breaks,
the most suitable way of managing their work and so on. It has been suggested
(Kroemer and Grandjean 1997) that having rest breaks during the session will have
a dramatic effect on learning a skill. Frequent short breaks will result in more rapid
acquisition of skills than if the session is continuous and without breaks. It has been
suggested that the breaks allow for “mental training” whereby trainees can think
about what they are being asked to do.

The information needed to allow people to work comfortably and safely can be
presented in a number of formats. It can be given to them during a formal training
session that takes the form of a lecture in an area remote from their work area. They
can have one-to-one coaching at their own workstations, they can watch videos in
a training room, or they can engage in on-line training at their own desks. Each of
these approaches has its drawbacks, which an organization must recognize so that it
can avert any adverse outcomes.

In a lecture situation, there is typically a one-way flow of information as the
trainer talks to the attendees. Attendees can sit passively throughout such a session
and may not understand what is being covered unless the trainer specifically probes
their understanding, either through questions, a test paper or a practical demonstra-
tion. A trainer has to accept that many of the participants have not chosen to be there,
but instead have been required to attend by their manager. As a consequence, they
may have no interest in the proceedings and may spend the majority of the training
period thinking about how much working time they are losing. As a consequence,
they may not absorb what is being discussed. Group training such as this may not
address individual needs and some people might find it difficult to transfer what they
have heard in a remote setting, such as a training room, to their own workstations
where they have to apply the practical aspect of their training. However, training of
large groups of people is time- and cost-efficient and does allow for information to
be passed to many individuals in a short time.

The success of the course will be largely determined by the skill of the trainer,
which has implications in situations where organizations simply decide to use one of
their own in-house personnel, probably skilled in other areas, to pass on the relevant
information. If in-house trainers are to succeed, they should have training in presen-
tation skills. They should be able to generate a rapport with their trainees, be able to
deal with difficult or generally argumentative individuals and be able to deal with all
styles of learning and types of learning difficulties. They should be capable of design-
ing an interesting, effective session and be aware of the need to evaluate the trainees
as they perform their practical skills and offer suitable feedback. They should be keen
to evaluate the effectiveness of their course upon completion and be able to deal with
further queries and concerns among trainees following completion of the course, and
continue with an analysis of what further training is required. The company does
need to be alert to the possibility that its own in-house trainer, who might be training
as a secondary responsibility, may actually pass on poor working practices of which
they themself may not be aware. Sending in-house trainers on a “train-the-trainer”
course might be beneficial. On the positive side, using in-house personnel to present
training courses does allow for the training to be scheduled to suit the business rather
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than fitting in with the schedule commitments of an external trainer. In addition, actu-
ally holding training in-house reduces costs because employees are not off-site for
longer than is necessary and there are no additional traveling costs for transporting
the employees to the venue. It should be kept in mind, however, that employees are not
always comfortable with being completely honest about their concerns and difficul-
ties if they are being trained by someone they work alongside every day.

In their defense, external trainers are specialists in their fields; they are usually
up to date on current legislation and industry standards and practice; and employees
may feel more comfortable about being open with them.

Two important factors determine how persuasive a trainer can be when try-
ing to communicate with a group about the need to change the way they work: the
trainer’s credibility and “attractiveness”. The trainer’s credibility rating among a
group of trainees is influenced by their level of expertise and how trustworthy they
appear. The more credible and trustworthy they appear, the greater their impact on
the group. If the trainer can talk through the material smoothly and quickly, rather
than hesitantly and slowly, they will be perceived to be more credible. The trainer’s
perceived level of attractiveness is influenced by personal factors such as appearance
and overt personality. If they are considered attractive, the trainees will attribute
positive personal characteristics to them. This is called the “halo effect”.

8.4 THE COURSE

The content of the course is driven by what the trainees need to achieve once it has
been completed. A review of previously recorded injuries or ill health can indicate
where particular problem areas are within an organization. Risk assessments are
also a good source for identifying what needs to be addressed and in what depth, and
these assessments are also likely to document what training has already been used as
a control measure for risk. Risk assessments are dealt with in chapter 13. Employees
themselves can offer insight into what they feel they lack in terms of knowledge
about their working arrangements. A knowledge of legal requirements with regard
to what training should be offered is essential.

If an independent trainer is not being used and the company decides to use one
of their in-house personnel to provide training, this individual may be at a loss as
to what materials they can use. This is particularly the case if they have not done
this type of training before. There are many sources for useful training information.
For instance, trade unions, trade associations and employer associations often have
advisory information for trainers to use and leaflets to hand out on courses. Local
training or community colleges may have subject-specific libraries that can be
accessed for ideas. Some training companies provide materials for use on courses
presented by other individuals.

The nature of the material and the way in which it is presented during a training
course has an impact on its effectiveness. What a trainer is trying to achieve during
the course is a level of emotional arousal, because emotions influence rational mental
processes. Trainers have to decide whether they simply provide a mild argument
supporting the need for a change in working posture—for instance, stating that it is
better for the person’s back if they sit properly in the chair—or whether they use more
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forceful imagery to back up their arguments, such as describing the range of potential
back complaints and the level of pain associated with them. The more concerned
people are about the information being given to them, the more likely they are to
act on it—as long as they are given explicit practical advice on how to take action.
Vivid imagery is more effective than lots of statistics at persuading people to change
the way they work. For instance, showing a series of photographs of the workforce
displaying a range of extreme postures used every day as a normal part of the work
will probably have more impact than presenting statistics detailing the number of
complaints of backache in a department or the number of days off due to ill health.

Consideration has to be given to whether trainers should present simply
a one-sided discussion during the course, or whether they should examine both
the supporting and opposing sides of an argument. If the trainees hold the same
views as the trainer and accept the need to change the way they work, a one-sided
approach is effective. If the trainees hold an opposing view to the trainer’s—for
instance, thinking the course is a waste of time because they do not believe they
need to change the way they work—a two-sided approach is likely to be more effec-
tive. In addition, people with little knowledge of a subject are swayed more easily
by a one-sided argument and those with a greater knowledge base are persuaded
more readily by a two-sided argument. Finally, trainers need to prepare themselves
for a more challenging course if there is a large discrepancy between the views of
the trainees or their desire to improve the way in which they work and the message
that is being put across during training. The larger the discrepancy, the greater the
challenge. However, the greater the credibility of the trainer, the more likely it is
that this chasm will be spanned.

It is the responsibility of the trainer to ensure that trainees understand what is
being said by questioning their comprehension throughout the session. The trainer
should be capable of dealing equally well with all individuals within an organiza-
tion, whatever their position in the hierarchy, and of matching the course content and
approach to the trainees’ specific abilities and needs.

Ensuring that room-based training includes practical sessions, where the indi-
viduals can work with a desk and chair and arrange workstation equipment within
the training suite, increases the effectiveness of the training because it shows the
connection between the training environment and the real work environment. It also
allows the trainer to observe any difficulties specific individuals might be having
with following the advice being given.

It is worthy of note that it has been suggested (e.g., Pheasant and Stubbs 1991)
that we remember 10% of what we read, 20% of what we hear, 30% of what we see,
50% of what we see and hear and 70% of what we do for ourselves. If trainees are
expected to learn from reading, they will learn more if they spend time trying to
recall the information rather than simply re-reading the text. They are more likely to
remember material they read if it corresponds with previously held views as opposed
to undermining their views. They will also learn more from the written text if they
read it in the relevant environment—for instance, when sitting at their desks—and
then try to implement the advisory information straightaway.

Positive reinforcement or feedback during the practical session gives individuals
an immediate understanding of their performance at that moment and allows them
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either to continue with their current practices or to change them with a view to
improvement. Precise feedback allows individuals to “tailor” the changes in their
behavior. The feedback needs to be compatible with individual levels of under-
standing and the point each has reached in the training. It should focus on those
aspects of behavior that are critical in ensuring that trainees can subsequently work
comfortably. The overall value of the feedback, as perceived by the trainee, is influ-
enced by who dispenses it. If the trainer is highly respected, their feedback will be
perceived to be of great value. If the trainer is too strict with the trainees and takes a
more negative approach when offering feedback, although they will achieve a degree
of conformity, they will generate anxiety in the trainees and possibly acquiescence.
Criticism can result in a change in a trainee’s self-confidence and sense of worth.
Careful consideration has to be given to when it is likely to be unnecessary to offer
any further feedback, as premature cessation of feedback can result in degradation
of positive behaviors.

Showing videos or DVDs as part of a training course can be helpful because it
allows the course participants to see the types of postures they should adopt when
working. They also get an appreciation of how they should adjust the settings of
their chairs and how to arrange the layout of their worksurfaces. However, watching
only a video without any other form of input from a trainer is likely to have a limited
effect in changing the behavior of individuals in the working environment. Some
people find it difficult to draw a parallel between what they are viewing and their
own workplace and so will be unable to transfer the information. Organizations
should also be alert to the fact that videos are not usually made by companies that
specialize in the field of ergonomics. They may be specialists in creating films, but
that does not guarantee that they will produce a film that accurately relays all the
steps that should be taken by the trainees in terms of arranging their workstation.
Videos need to be augmented by additional input from the trainer, who either offers
additional information or draws attention to weaknesses in the film and provides an
alternative view.

8.5 ALTERNATIVE APPROACHES

The effectiveness of group training can be increased by follow-up, one-to-one coach-
ing at the workstation. This allows the trainer to measure each individual’s under-
standing of the basic concepts and to determine whether the trainee has been able to
return to the workstation and employ the advice offered during the training session.
It is not uncommon for individuals to return to their workstations after a training
session and still be unable to adjust their own chairs correctly. Some people also find
it difficult to speak out in a large group. One-to-one coaching is a non-threatening
opportunity for people to ask questions about their own workstation arrangements
and how these can be altered. The trainer can also discuss the trainee’s specific work
commitments so that they can develop the work routine that is least likely to result
in fatigue or injury.

Many organizations are now selecting on-line training as an efficient means to
“cascade” information to their workforce. This allows trainees to use the system in
their own time to fit in with their work demands. It does not require the employment
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of a trainer. The training material remains standardized over time. It does not require
that large groups be made available at any one time, which can create problems in
terms of keeping a business ticking over. The difficulties are that it is up to the
manager of a group of employees to keep reminding them that they must work
through the on-line training, which can sometimes be moved to the back burner
given their other work demands. And, unless the system has some in-built means
to test their level of knowledge, individuals can passively work through the pack-
age without absorbing the salient information. The most successful on-line training
packages are designed to test a trainee’s knowledge base at intervals and do not
permit them to proceed to the next phase of the training if they do not demonstrate
an acceptable level of knowledge. Again, there is no guarantee with this system that
individuals will be able to transfer what they read on the screen to their own working
environment. Only a one-to-one follow-up can do this properly. On-line systems also
do not provide opportunities for trainees to ask specific questions relevant to their
own workspace.

Informational leaflets are commonly used to advise computer users about the
risks associated with their work. These, and the on-line systems available such as
the company intranet, form what could be referred to as “knowledge banks”. Leaflets
often detail the postures and working practices that should be adopted when working.
However, these leaflets are often distributed away from the work area, such as during
a meeting, and may not make it back to the work area or may have no immediate
relevance for the individual. Many people will not read them at all or, if they do, will
not remember the content for long. Some authors (e.g., Visschers et al. 2004) have
investigated the possibility of using warnings as an alternative. They concluded that
it was possible to bring about “on-the-spot position adjustments” in an office setting,
such as the immediate changes that would occur in people’s behavior in a situation
where they were warned to stay away from high-voltage electricity. They concluded
that warnings could be provided more directly, would have brief but clear content
and would attract more attention than conventional advisory leaflets or booklets.

The most successful warnings are those that contain a single word, such as “stop,”
or a short statement that details a hazardous situation, such as “slippery surface.”
Equally effective are those that convey the consequences of ignoring the warning,
such as “ingestion of this product will result in death”, and warnings that indicate
how the dire consequences can be avoided, such as “do not allow product to come
in contact with hands, face or mouth”. Because warnings tend to be quite brief, they
can be positioned close to the area of concern. The position of the warning relative
to the area of concern determines the perceived relationship between the two (Frantz
and Rhoades 1993). Warnings such as “take a break every hour” either located on or
directly behind a desk or presented on the screen, achieve such a result. Warnings
displayed on the screen can be designed to be intrusive, intending to stop users from
continuing with their work and forcing them to attend to the warning.

8.6 MAKING TRAINING MORE EFFECTIVE

Irrespective of the form the training takes, there are a number of aspects that will
enhance it. In the first instance, motivation on the part of the trainee is a fundamental
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part of learning. The amount of time that should be spent in the training sessions
should be carefully planned, rather than a trainer arbitrarily filling half a day or a
full day. The amount that should be learned in one session should be planned so
that the trainees have a target. It should be acknowledged that the trainees do not
need an exhaustive account of the subject; they simply need enough information to
allow them to work comfortably and safely. Any practical demonstrations should
allow the trainees to practice rather than simply watching the trainer going through
the motions. The training should take a tactful approach to pointing out any faults
displayed by the trainees, and the trainees may need to be reminded that they will
have to work at the techniques to get them right. The trainees need a question-and-
answer phase and should feel comfortable about raising their concerns or even their
disagreement. The end of the session should offer a summary to remind the trainees
of the salient points and the reasons behind the training.

After the training has taken place it is possible for the trainees to return to
their normal work routine and completely ignore the advice they have been given.
Training can fail for a number of reasons and these need to be investigated so that
future failures can be avoided. Typical reasons for training proving to be a waste
of time, money and effort include inaccurate identification of the type of training
that was required in the first instance. If goals have not been set at the beginning
of the training phase, the trainees will not know what is expected of them once it
has been completed. Training that is perceived to be forcing a new way of working
on individuals with a “you will” approach—rather than an educative approach that
“will enable them” to achieve a change in working behavior—will be less success-
ful. If trainees attend a course with an attitude that the session simply offers them
a break from their work as opposed to a vehicle to improve the way they work, it is
less likely to be successful. Using too much “chalk and talk” training rather than
practical training is not helpful in developing practical skills. Unsuitable, unsuitably
trained or undertrained trainers are unlikely to have the necessary skills to present
an effective course or to present the necessary information in the given time frame.
Shortened training courses designed to fit into team briefing sessions are unlikely to
be long enough to allow trainees to assimilate the quantity of information required
to make appropriate changes in the workplace, nor to attempt to practice the skills
before returning to the workplace.

The resources made available at the time of the training have an impact on
its success. A noisy training environment, close to normal work areas, causes
distraction. Poorly functioning equipment interrupts the flow of the material, making
it disjointed and distracting. Using dated technology in terms of both equipment and
presentation aids causes a course to lose credibility, as does using dated statistics or
other supposedly supportive material. Training presented in the latest style or with a
more “off-the-wall” approach may not be accepted as readily as material presented
in a more straightforward manner. Superiors failing to set the example and taking
the approach of “Do as I say, not as I do” will undermine a course’s effectiveness.
Courses run as a means of point scoring among different sections within an organi-
zation, or as a means to show where the power lies in terms of having the authority
to finance courses, will also lessen the positive impact of a course.
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In addition to designing what is thought to be a suitable training program, busi-
nesses should evaluate the impact or effectiveness of the courses. There is no point
in churning out the same course time after time if the trainees are uninterested and
if they are not subsequently changing their approach to the way they work—which
is the ultimate aim of the course. One of the easiest and most immediate ways of
evaluating training is to ask participants to complete a feedback or evaluation form
at the end of the course. This is a qualitative assessment. An example is shown in
Table 8.4. Participants may be more honest when completing this form if they do
not have to write their names on it. It should be kept in mind that most evaluation
forms are not necessarily a measure of the success of the course in terms of how the
attendees will be able to apply their newly acquired knowledge or skills once back at
work. Evaluation forms simply record a trainee’s personal views on the content of the
course, the presenter’s approach and ability, and how trainees see the material apply-
ing to their own working conditions. Observations after the course of individuals at
work is the only way to determine whether the appropriate skills have been learned
and applied. However, even this may not give a true picture of what they do when
not being observed. Workers often adopt an “ideal” working posture when they are
aware that they are being observed and revert to a more sloppy position once they are
not being scrutinized. This is when supervisors and managers should remind them as
they walk past about the need to use appropriate work techniques.

If an evaluation form is not used at the end of the training program, trainers
have to ask themselves a number of questions if they want to develop an understand-
ing of the success of the course. In the first instance, most experienced trainers get
a feel for the mood of the group as they present their material by observing their
reactions, listening to their questions and comments, and seeing how they approach
any practical exercises. The trainer needs to ask: “Were the course participants con-
tent during the course?” If not, they need to probe why not. Perhaps the content of
the course did not have any relevance to their working environment. Perhaps the
practical aspect of the course did not seem applicable to their environment. For
instance, the trainer might have used chairs of a different design from those used
by the trainees in their workplace to demonstrate adjustments. Or, the trainees may
have been “volunteered” to go on the course and be unaware of its purpose or may
see no value in it. This cannot be a good precursor to a successful course.

The next question trainers need to ask is whether the content of the course actually
gets the message across. They can determine this by observing the trainees during any
practical exercises. They can observe the length of time it takes the trainees to achieve
the desired result and how successful they are at achieving their goal, which might
simply be altering the setting of an adjustable chair relative to a desk and keyboard.
If the trainer determines that someone’s performance in the practical exercises is not
satisfactory, they have to consider why. It could be that the way the material was pre-
sented verbally was not suitable; the practical exercise might not have been positioned
at an appropriate point in the session; or the trainer may conclude that their own train-
ing style or knowledge base is not sufficient to run the course successfully.

The trainer then needs to evaluate how well the newly learned material has been
transferred into the working environment. This can be done through direct obser-
vation of trainees, carrying out discussions with them, or asking them to complete
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TABLE 8.4
Example of a Course Evaluation Form

COURSE EVALUATION FORM

We hope that you found the Course both useful and enjoyable. To help us plan future events and
to assist in our quality control, we would appreciate it if you could spend a few moments
completing the evaluation below.

Thank you for attending and completing the evaluation.

Your name (leave this blank if you prefer): ... s

Subject Of the SEMINAICOUISE: ... ... uniun it it it ettt et et et ettt b e eeans

VBNUE: .ttt e e e et e e DAt .vivieie e
1) Assessment of the event as a whole (please tick as appropriate)

Excellent Good Average Poor
Comprehensiveness?
Clarity?
Value to your work?

2) Standard of Presentation
Please rate in numerical order on a scale of 1 — 5 as follows:

1=Strongly Agree, 2=Agree, 3=Neither Agree or Disagree, 4=Disagree, 5=Strongly Disagree
Were the presentations: 1 2 3 4 5
Relevant?
Well structured and logical?
Interesting?
Professionally presented?
At a level to suit your needs?
Were the visual aids: 1 2 3 4 5
Useful?
Clear and legible?

Were the discussion periods:

(a) Adequate? Yes 0 No O
(b) Well organised? Yes 0 No O
(c) Well handled by the speakers? Yes 0 No O

Please add below any additional points you would wish to make about the standards of speakers,
presentation etc. (please remember we need to know, whether good or bad, if we are to
maintain/improve our standards):

3) Finally, please rate the course overall on a scale of 1 to 10 (please tick)

Poor Excellent
10 20 30 40 50 60 70 80 90 100

4) Any other comments?
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TABLE 8.5
The Kirkpatrick Model

Reaction | Get feedback from trainees about the training. To get the most
complete picture, ask both open-ended and closed questions.
Answers to open-ended questions such as “What were the main
strengths of the training” give qualitative data. Closed questions
that give more restricted answers result in quantitative data.

Learning | Measure skills, knowledge and attitudes before and after training.
Observe skills in the workplace or in a specially-designed
demonstration, or devise tests to assess knowledge of principles
and facts. One approach is to base the measurements on learning
outcomes that the training is designed to achieve.

Behaviour | Find out if training has influenced the way a job is done. Have the
knowledge and skills learned been transferred into the workplace.
Before and after assessments will give the most accurate picture of
how things have improved.

Results Quantitative and qualitative information from the first three stages
provides the evidence needed to measure business outcomes.
Results should be written up, shared with everyone involved, and
fed back into the training strategy. Compare data before and after,
leave sulfficient time for the training to take effect before outcomes
are measured, and repeat the exercise at intervals to see how the
benefits are sustained.

a questionnaire. The timing of the evaluation is important. The greater the time
between the end of the training and the start of the evaluation, the less reliable the
results. If the trainees are not employing their newly acquired knowledge, the trainer
needs to ask whether the course material was not relevant, or whether it was presented
in a more complex manner than was necessary thereby confusing the course par-
ticipants. Alternatively, trainers might have presented the material in such an overly
simple manner that it became boring and the trainees stopped attending. The course
itself might not have been long enough to pass on all of the necessary information or
to allow development of an appropriate skill base.

The last question that the trainer should ask is: “If the trainees do apply their
newly acquired knowledge, will it have a positive impact on their well-being?” If the
answer is “no”, trainers need to ask why and this requires them to re-examine the
course content and aims. Once the trainer has validated and evaluated the course,
they should make a formal record of the fact that they did so. This enables any future
questions regarding the effectiveness of the course to be dealt with informatively.
Finally, trainers can carry out a quantifiable assessment in which they measure
any changes in levels of absenteeism in a particular area or a change in reports of
discomfort among a specific team of workers. One sophisticated evaluation method
is the Kirkpatrick model, shown in Table 8.5. This divides an evaluation into four
key stages: reaction, learning, behavior and results.
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8.7 AFTERTHE COURSE

Having established the most effective form that training and education might take
within an organization, plans need to be made for refresher training. It should be
assumed that all of the suitable working practices and postures introduced following
the original training will start to degrade over time. The situation will be compounded
following the employment of new, untrained personnel. Refresher training should
occur at least every two years, if annual refresher training is not a viable option.

The organization’s investment in training will only prove worthwhile if mecha-
nisms are put in place to ensure it is adopted and maintained in the day-to-day working
environment. Given the possible adverse consequences of adopting an unsuitable pos-
ture for extended periods when operating a computer or developing a work routine
that results in intensive screen-based work with little or no variety, it is essential that
employees adopt and maintain the safe working practices identified during the training
and instruction. This is where good management and supervision pays dividends, or
at least good leadership does. Leadership is a force that inspires a group of individu-
als to attempt something different or better. It is an agent of change. This is different
from management which can be defined as a mechanism that focuses on planning,
coordinating and controlling the routine functioning of an office. Those responsible for
overseeing the workplace once the trainees return to their normal work should keep in
mind that in order to maintain desirable behavior—and in this context, this equals the
adoption of suitable postures and appropriate working practices—they need to provide
effective reinforcement and reward schedules. It is quite surprising that few of the
individuals who have this responsibility understand how to achieve in their workforce
the acquisition of certain behavior patterns and the extinction of others.

People learn to change their behavior, such as changing their working posture, so
that their employer achieves the desired outcome of risk reduction through positive
reinforcement. People’s behavior usually produces outcomes and if those outcomes
are pleasurable they will repeat that behavior. Therefore, if employees are rewarded
in some way for changing their working behavior they will be more likely to main-
tain that change in behavior in the hope that they will be rewarded again. The reward
may simply take the form of a manager remarking on how much they have improved
their posture. This acts as positive reinforcement. It will be effective only if provided
on clear evidence of the desired behavior, so that the employee perceives a clear
link between the adoption of the suitable posture and the positive remarks received
from the manager. If reinforcement is to work effectively, the rewards should vary
with performance: the better the change in behavior, the better the reward. This will
ensure that those who make the most effort do not feel that it was not worthwhile
when they realize that those who have made little effort receive the same reward.

Some employees are “encouraged” to change their working behavior as a result of
experiencing unpleasant outcomes if they maintain undesirable behaviors. What they
are actually doing is avoiding undesirable consequences, such as reprimands or even
more formal disciplinary action. This process is referred to as “negative reinforcement”.
If a certain behavior results in the cessation of an unpleasant event, the individual is
likely to repeat it. Punishment is different from negative reinforcement and may not be
as effective at eliminating unwanted behavior. If individuals are punished for working
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in a particular way, for instance by being heavily criticized by a manager, they will sim-
ply associate the undesirable outcome with the unwanted behavior. They will not neces-
sarily see outside of this immediate combination to the connection between the desired
behavior and the removal of the undesirable outcome. If punishment is to be used, it works
most effectively if delivered immediately after the undesirable behavior is witnessed as
this enables the individual to connect the two events. The longer the delay between the
undesirable behavior and the punishment, the weaker the association between the two,
so it becomes less likely that the undesirable behavior will be suppressed. Allowing the
undesirable behavior to persist for some time without punishment can lead to strong
reinforcement of it, making it more difficult to change. For instance, if someone chooses
to sit with his chair too low for his desk and keyboard and a manager walks past every
day without making a comment, this sends a message that this behavior must be accept-
able. In this instance, failing to react to the individual’s way of sitting when at work has
reinforcing consequences. The punishment should be moderate, as opposed to mild or
severe. If it is mild, the employee may ignore it or become accustomed to it. If it is severe,
such as dismissing the individual for failing to adjust the chair properly, they may reject
the punishment as unfair and out of scale to their misdemeanor. Although remaining
within “moderate” bounds, the punishment should be increased progressively. In other
words, as the behavior is repeated following each reprimand, the manager may have to
become more critical, then may have to move on to a written warning, and so on. The
punishment should be impersonal and should be focused on the undesirable action, not
the individual. For instance, stating that someone is working in a poor posture because
they are too stupid to work out how to operate their chair is a personal attack that will
humiliate them. Punishment should be used consistently with all employees and should
be used for every instance of unsuitable behavior identified.

Sometimes two employees may be displaying the same inappropriate working
behavior but the circumstances differ, leading to a different interpretation of the events
and different treatment of the individuals. For instance, two people may locate their mon-
itors to the side of their desks causing them to twist when working. Investigation might
reveal that one is working in that manner because “that is what I have always done”,
while the other may be doing it because the cable on the monitor is too short to allow
it to be moved away from the power point towards the center of the desk. Maintaining
consistency means it should be maintained by all managers in the same way. Employees
must understand exactly why they are being punished and therefore managers must be
able to communicate their reasons for criticizing someone’s work routine. This would
normally be done in a disciplinary meeting in the manager’s office. During this meet-
ing the manager should refer to previous problems regarding an employee’s behaviors
and ask why the employee was unable to change the manner in which they work. This
should be followed by a verbal warning which needs to be recorded in the personnel
file. There is a suggestion that giving responsibility to a team or group of individuals
to monitor one another—in other words, developing an autonomous group—can be
beneficial in ensuring that suitable working practices are employed.

It should be kept in mind that some individuals will learn new behaviors vicari-
ously by simply observing what attention is focused on the others around them.
Therefore, changes in their behavior may occur as a result of watching others being
praised or criticized.
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If an organization wants to maintain the desired behavior once the training has been
completed it should develop a specific program designed to achieve this outcome. In the
first instance, it should specify the desired behavior in clear terms. For example, instead
of stating that employees are required to develop more suitable working practices, the
organization should spell out that it expects that workstation furniture will be arranged
and used correctly, utilizing the guidance provided in the training, and that employees
should manage their work to incorporate regular, albeit brief, breaks in their screen-
based work. The organization should have a baseline profile of where its employees stand
currently so that it can identify future improvements. It should then define the standard
expected of the workforce and following that it should decide on how to reinforce that
standard. This needs to be something that can be delivered easily and promptly when
required. After this point the company can “shape” behavior by reinforcing behavior
that is close to what is expected, although not perfect. The reinforcement becomes more
frequent as the individual’s behavior gets closer to the required standard. This whole pro-
cess should be reviewed at intervals to ensure that the expected behavior is still evident
and that the rewards are continuing to have the desired impact. Companies should not be
disheartened if changes to the desired behavior have occurred as this is to be expected.

In summary, the most effective training programs are based on three basic prin-
ciples: “Plan”, “Do”, and “Review”. That is, plan how the behaviors of the workforce
can be improved; implement action that will ensure that education is offered that
enables the changes to be made; and evaluate the outcomes to determine if the
desired goals have been achieved. To be meaningful, the evaluation has to measure
exactly what has improved and in what ways.

8.8 SUMMARY

» Training is the means by which an individual acquires a set of rules, con-
cepts, skills and attitudes.

¢ Training should be part of an overall program to develop a positive attitude
to health, safety and well-being in the workplace.

* Training should not be viewed as a substitute for proper risk control.

* A company’s view of training will influence its success.

* Positive reinforcement influences behavior.

* The value of feedback is influenced by who dispenses it.

* Frequent short breaks during training result in rapid acquisition of skills.

» If many people need to be trained, they should be prioritized so that those
who need it most receive it first.

* Supervisors and managers should receive training similar to that given to the
rest of the workforce so they understand what trainers are trying to achieve.

* Trainers should know in advance of a course whether any trainee has special
needs so they can accommodate them.

» Trainees should sign an attendance sheet which should be stored for future
reference.

* Personal development plans allow employees to define their own personal
training needs which allows the training to be tailored to suit their needs.

* The success of the course will be influenced by the skill of the trainer.
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e Trainers should have good presentational skills, generate a rapport with
their trainees, be able to deal with difficult or argumentative individuals,
be able to deal with learning at different levels, be capable of designing an
interesting and effective course, be able to evaluate trainees, offer feedback
and evaluate the effectiveness of their own course.

* Both in-house or external trainers have their own advantages and dis-
advantages.

» Trainers are considered to be persuasive by a group if they are perceived
to be credible and attractive. Credibility is influenced by competence when
training and attractiveness is influenced by personal factors such as person-
ality and appearance.

e The content of the course should be driven by what the trainees need to
achieve at the end.

* Risk assessments are a good means of identifying what training is required.

* The nature of the material and the way it is delivered will have an impact
on the effectiveness of training.

* Vivid imagery is more effective than bland statistics.

e Trainees have a preferred learning style, and if this fits the trainer’s teaching
style the training will be more successful.

¢ Training in workstation use and posture should include a practical session.

* Training can be done in a traditional lecture format, one-to-one, by watch-
ing videos/DVDs and through on-line training. Each has its advantages and
disadvantages.

* Videos/DVDs are helpful but do not guarantee a transfer of information
to the workplace.

* One-to-one coaching allows the trainer to ensure that each workstation is
used correctly and allows each individual to ask questions.

* On-line training does not allow for questions to be asked and does not
guarantee absorption of the information.

* Leaflets are not an effective means of educating people.

* Warnings displayed at the workstation can be effective if single words or
short phrases are used.

* Training should be followed up to ensure that good practices are main-
tained once the trainees are back at work.

* Trainees should know what is expected of them upon completion of the course.

* The resources made available will have an impact on the success of the course.

* Training programs should be evaluated to determine their effectiveness and
altered if they are not working. Questions need to be asked about why the
course was not effective so appropriate changes can be made.

* Supervisors and managers should lead by example.

* Good leadership should inspire people to try something different.

» Positive reinforcement is an effective means of changing behavior.

* Some organizations use negative reinforcement and punishment as a means
to change behavior.

* Some people learn new behaviors vicariously by observing other’s behavior
and seeing whether they are praised or criticized.



9 The Environment

9.1 INTRODUCTION

This chapter is not intended to offer an in-depth analysis of all environmental factors
in an office. Such an appraisal should be sought in a publication dedicated solely
to this subject. Instead, this chapter offers an insight into factors that are common
causes of complaint amongst the workforce. Ergonomists are typically concerned
with the impact of three main factors in an office environment: noise, lighting and
thermal comfort. In an office that incorporates any heavy machinery, such as print-
ing equipment or mail-sorting machines, vibration is also likely to be of interest.

9.2 NOISE

Acoustic waves can be described as fluctuations in pressure, or oscillations, in an
elastic medium. The oscillations produce an auditory experience which is sound.
This is achieved because the ear converts the acoustic waves into nerve impulses,
which move to the brain along the auditory nerve. The brain processes this informa-
tion and imposes some sense on it, resulting in perception of sound and identification
of auditory patterns. How loud a sound is considered to be is determined by its fre-
quency and its sound pressure level (SPL). Frequency refers to the complete number
of cycles that occur in one second. It is expressed in Hertz (Hz) and gives the sensa-
tion of pitch. The amplitude of the sound wave corresponds to the intensity of the
sound and provides the sensation of loudness. The human ear is normally sensitive
to arange of frequencies between 20 and 20,000 Hz; this is referred to as the audible
spectrum. We are likely to hear at our best between 1000 and 4000 Hz, which is
the frequency band in which speech is transmitted. Auditory thresholds—the point
at which we can actually hear something—are much lower at higher frequencies.
Noises at lower frequencies have to be much louder to be heard. Noise is measured
in decibels (dB). An A-weighting, written as dB(A), is used to measure average noise
levels. A C-weighting, written as dB(C) measures peak, impact or explosive noise.
Table 9.1 indicates typical noise levels encountered in a number of situations.

Noise is defined as unwanted sound. It is a subjective experience whereas sound
can be measured objectively. Sound does not have to be loud to be noise; it sim-
ply needs to be annoying, distracting or unacceptable to an individual. In an office
setting noise can interfere with people’s level of concentration and can affect their
performance. It can make communication with other people in the office, or on the
telephone, more difficult. This is a typical complaint in open-plan offices. The real
conflict in an open-plan office is that people are placed in these environments to
enhance communication between them (among other things) but they still need

133
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TABLE 9.1
Typical Noise Levels Encountered in a
Number of Situations

—— 160 Explosion

——— 150 Rupture of ear drum
——— 140 Jet engine at 25-30 metres
——— 130 Pneumatic chipper
——— 120 Riveter

——— 115 Punch Press

——— 110 Chainsaw

Powered lawnmower

——— 100 Jet flyover (min 1000 feet)
Night club bar

——— 95 Power drill
Arc welder

——— 90 Motorcycle (7 metres)
Personal stereo (using ear pieces)

——— 85 Diesel lorry
Tractor cab

——— 80 Lathe
Heavy traffic

——— 75 Primary school classroom

——— 70 Television
Radio

——— 60 Noisy office
Conversation

——— 50 Typical office
——— 40 ‘Quiet’ office

——— 30 Quiet in the countryside
Library

——— 20 Whisper one metre from ear

——— 10 Soundproof room

L 0 Threshold of hearing
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a degree of privacy to work effectively. It is difficult for a single environment to
accomplish all of this successfully.

Persistent noise can result in negative emotions such as anger and frustration for
employees. Their subjective response appears to be determined more by the nature
and context of the noise than by its level or intensity. For instance, hearing col-
leagues chatting at adjacent workstations tends to be more disruptive than the noise
from the air conditioning unit above the desks. The difference is that the air condi-
tioner produces a consistent, unstructured noise to which people become habituated.
The overall background noise level within an office determines whether specific
intermittent noises are distracting. For instance, a telephone ringing in a noisy office
will probably not be noticed as much by the workforce as a telephone ringing in a
quiet environment like a library. Moreover, different people will respond differently
to noises, with some being more tolerant than others.

Noise has other characteristics which will influence how annoying it is per-
ceived to be in any workplace. If the noise is variable, where the loudness or fre-
quency changes, this is considered to have a high level of annoyance. The sound
quality will cause high levels of annoyance if it is considered to be high pitched
or deep and rumbling. The information content will prove to be highly annoying
if it is meaningful, such as a conversation. If the noise is considered to be within
the control of another individual in the office/building it will create a higher level
of annoyance. Alternatively, if the individual feels they have more control over the
level of noise, they can predict its occurrence or they view the noise as being an
unavoidable and necessary part of their work or working environment they will
experience a lower level of annoyance. This latter point is considered by some to
display resignation on the part of the individual.

It is generally accepted that noise levels that do not exceed 85 dB(A) are unlikely
to cause harm to an individual’s hearing. However, it is generally recommended that
full risk assessments be carried out if workers are exposed to 80 dB(A) for more
than six hours a day. Repeated exposure to noise levels in excess of 85 dB(A) during
an extended period of employment can result in permanent hearing loss. Noise
levels well below 85 dB(A) can be annoying and distracting which can affect perfor-
mance. Table 9.2 outlines a summary of findings by Woodson (1981) reflecting the
deterioration in performance that can occur as a result of different noise levels. More
specifically, in relation to having a meeting or discussion in the office, Table 9.3
shows the impact of increasing noise on the quality of a two-way conversation in
terms of being heard and understood.

The noise levels within an office depend not only on the loudness of a sound but
also on the reverberation potential within that area. The reverberation level affects
people’s perception of how noisy they find their office. Reverberation relates to the
”bouncing” of sound waves off surfaces such as walls. Reverberation time gives an
indication of how long it takes for the reverberant level to fall by 60 dB and this is
influenced by how large the room is and the amount of sound-absorbing surfaces
within it. The fewer the sound-absorbing surfaces or objects within a room, the
greater the reverberation. It is not influenced by where the listener stands or where
the source of the sound is located. High levels of reverberation interfere with speech
perception. Carpeting and partitioning can act as sound absorbers.
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TABLE 9.2
Deterioration in Performance as a Result of Noise (Woodson 1981)

<30

Low-level intermittent sounds becoming disturbing.

40

Very acceptable for concentration. Few people will have sleep problems.

50

Acceptance by people who expect quiet. About a quarter of people will
experience difficulty in falling asleep or be woken.

55

Upper acceptance level when people expect quiet.

60

Acceptable level for daytime living conditions.

65

Upper acceptance level when people expect a noisy environment.

70

Upper level for normal conversation. Telephone conversation difficult.
Unsuitable for office work.

75

Telephone conversation difficult. Raised voice needed for face-to-face
communication.

80

Conversation difficult.

TABLE 9.3
Changes in Extent of Disturbance as
Noise Levels Change

Noise level (dB) Quality of discussion
<40 excellent

40to 45 very good

45 to 50 good

50 to 55 acceptable

55 to 60 impaired

65 to 80 hindered

> 80 severely restricted
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There will be times in all offices when people need to communicate with
each other regarding their work. Listening and understanding a target sound, such
as occurs when discussing a project with a colleague at an adjacent desk, can be
adversely affected by background noise. The adverse effects are increased if the
target sound and the distracting sound share similar frequencies. In other words,
it is more difficult to listen to and understand an individual at an adjacent desk if
other people are talking in the immediate vicinity. This type of disruption is known
as “masking”. It has been suggested that masking of this type might interfere with
short-term memory. Because short-term memory uses verbal coding to an extent,
surrounding noise can mask the “inner voice” used to code the information, result-
ing in a degradation in performance. This type of problem is experienced by many
individuals, who would describe it as “not being able to hear myself think” when
working in a noisy environment.

Although it is usually accepted that exposure to loud noise can damage hear-
ing, studies are now suggesting that it can have a far greater effect on general health
than might have been realized. Consistent exposure to noise levels in excess of 89
dB(A) has been related to increased blood pressure (Talbott et al. 1999). In less
extreme environments, a reduction in motivation has been recorded in open-plan
offices where the noise levels were well below what might be considered “noticeable”
(Evans and Johnsson 2000). This latter point indicates that even noise levels that fall
within what might be considered acceptable are still likely to have a negative impact
on the workforce and should be monitored.

Employers need to control the noise levels in their workplaces in order to main-
tain performance at acceptable levels and reduce workers annoyance. Reducing
noise to a level where it is inaudible would be impractical and expensive. However,
methods can be employed to reduce the extent of the disruption from sources of
noise. For instance, unanswered telephones should be diverted in the absence of
individuals from their desks. Equipment can be made quieter through the use of aids
and attachments available from many manufacturers. Those needing to concentrate
should be positioned away from noisy walkways or work areas. Whatever steps are
taken, however, an employer should be prepared to achieve the opposite of what was
intended. It has been suggested (Banbury and Berry 2005) that attempts to reduce
noise in an environment may exacerbate the problem rather than alleviate it because
in quieter offices noise is more discernible or “noticeable” and the inhabitants less
tolerant of it because it is more distinctive. In a noisier office, there is more likely
to be a masking effect as each noise becomes less distinct or discernible relative
to another. Some researchers (e.g., Jones and Macken 1995) have even suggested
adding noise to an environment to make it less disruptive because individual sources
of noise become less distinct as they are masked by other sounds. This is referred
to as “noise perfuming”. Banbury and Berry (2005) have concluded that the level of
white noise necessary to mask disruptive noise is impractical for use in offices.

As offices do not remain in a status quo but tend to change weekly, monthly, or
annually, employers should appreciate how much the noise levels need to change
before they will be noticed by the workforce. Changes might occur as a result of
the introduction of new equipment, such as the installation of new telephone lines
or a new printer. It appears that increasing or decreasing noise levels in an office
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environment by 5 dB is sufficient to be noticed (in contrast to 1 dB under laboratory
conditions). The more dominant the new noise source is in an environment, the more
noticeable its introduction.

9.3 LIGHTING

Lighting in offices is not a straightforward subject to tackle. Before making any
attempt to identify whether the lighting is suitable for the workers an understanding
of the work they perform is required. A clear distinction needs to be made between
workers who perform screen-based tasks and those who perform paper-based tasks
since they will require two different levels of lighting in order to perform their
work satisfactorily. It also needs to be understood that there is likely to be a dif-
ference between creating a lighting atmosphere within an office that suits the work
performed there and creating a lighting atmosphere that people will like. It is not
always possible to achieve both, although that should be the ultimate aim of any
lighting system.

When the subject of lighting is discussed, a number of terms are commonly used
and these include luminance, illuminance, luminous intensity and luminous flux.
Luminance refers to the light emitted or bounced back by a surface toward the eye.
This is measured in cd/m?, cd being an abbreviation for candela. Illuminance relates
to the amount of light falling on a surface, usually horizontal surfaces, and this is
measured in lux. High levels of illuminance may cause glare and result in “washing
out” of items being viewed. Reflectance is an indicator of the ratio of luminance to
illuminance. When an organization specifies the level of illuminance required in
an office, it should also specify the corresponding reflectances of surfaces in the
office, as this is more likely to result in a balance of surface luminances. Luminous
intensity, which is measured in candela, relates to the amount of light emitted from a
source, and luminous flux indicates the flow rate of the luminous energy. The lumi-
nance distribution within the visual field should ensure that it is well balanced, tasks
can be completed unimpaired, glare is avoided, visual communication is heightened
and safety is uncompromised.

9.3.1 GILARE

Glare occurs when there is an imbalance of surface luminances within the visual
field. Glare can be either direct or indirect—that is, emitted by a source or reflected
off a surface (see Figure 9.1). Indirect glare can be subdivided into diffuse, such as
a light-colored wall reflecting light, or specular, a mirror-like glare typical when
reflected off a glass panel or highly polished metal surface. Glare should be avoided
through good design and thoughtful installation of light sources. A summary of
ways to avoid reflected glare is shown in Figure 9.2.

Although the retina of the eye is able to adapt to different levels of luminance
so that people can function effectively as they experience different environments,
it encounters difficulties when presented with single, large disparities in the visual
field, such as a very bright desk light used in a dimly lit office. Direct glare can be
caused by daylight if the individual has a direct view through a window to the sun
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FIGURE 9.1 Direct glare and indirect glare.

or even the clouds. This can be controlled through the use of blinds or curtains.
However, whatever window covers are introduced, they should not alter the per-
ceived color climate of the office environment. Their luminance level should also be
monitored so that they do not produce unacceptable levels of luminance, for instance
on a sunny day. The area around the window should have a high reflectance value
to reduce the glare effect of a bright window presented in the middle of a dark sur-
round. Direct glare can also be caused by artificial light sources.

Disability glare is considered to make the completion of a task more difficult
and demanding and is found in situations where a source of light brighter than that
on the actual task causes interference, so that material related to the task is diffi-
cult to decipher or interpret. This is different from discomfort glare, where a bright
object is identified on the periphery of the visual field but does not interfere with the
completion of a task. To avoid glare, light sources should not be “seen” within the
visual field. For this reason, it is always recommended that office workers should
sit between rows of ceiling lights, as opposed to in line with a row of lights, when-
ever possible. This will reduce the likelihood of them experiencing both direct and
indirect glare, as illustrated in Figure 9.1. Workers performing screen-based tasks
are more likely to encounter glare problems than are clerical workers carrying out
paper-based tasks because computer users work with their heads at a higher level and
their gaze is not directed downwards as is the case with the paper-based task (see
Figure 9.3). Because of this difference between types of workers, screen-based users
need more complex consideration.

9.3.2 ARTIFICIAL LIGHT

Direct lighting, which is typical of many offices and where most of the light is
directed downward in an inverted cone shape, often results in the light being reflected
off surfaces such as desks and documents causing indirect glare and hard shadows. It
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Through:

Appropriate
Positioning
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Of the Monitor

Re-position Monitor on
Desk Surface

Tilt Monitor Within
Comfortable Range

Alter Height Setting
Within Comfortable Range

Adaptation to the
Monitor

Of the Workstation

Transfer Monitor to
Another Desk

Rotate Workstation

Re-locate Workstation
to Other Area

Introduce Positive
Polarity

Change Lighting

Introduce Glare-filters And
Assess Impact on General
Viewing Characteristics

Introduce Flat Screen

Change Light Design

Alter Artificial
Lighting

Change Light Position

Office Materials

Control Natural
Lighting

Fit Shields to Lights

Use Blinds or Curtains

Add Tinted Materials to
Windows

Change Decor

Choose Low Reflectance
Surface Finishes

Change Furniture

Choose Surfaces With
Matte Finish

FIGURE 9.2 Methods for avoiding reflected glare.
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FIGURE 9.3 Why screen users are likely to encounter problems with glare.

can also cause sharp contrasts between illuminated areas and areas that are not illu-
minated. The most common form of direct lighting is fluorescent lights. These are
known to flicker, but the flicker frequency of correctly functioning fluorescent lights
should not be perceptible to office workers. Older or malfunctioning lights may have
a noticeable flicker, which can be distracting and can cause visual discomfort and
headaches in some individuals. It has been shown (Wilkins et al. 1988) that it is pos-
sible to reduce complaints of headache and eye fatigue by at least half by employing
higher-frequency lamp ballasts that almost eliminate the flicker.

Indirect lighting, where the light is directed mainly toward the ceiling and walls
before being reflected back, results in a more consistent distribution of light across
the work area and a reduction in shadows. Using wood or materials with a matte fin-
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ish is more suited to the construction of desks than highly polished finishes. Using
a greater number of lower-powered sources of light rather than a few high-powered
sources will also reduce glare problems.

Kiiller et al. (2006) found that the mood of office workers was at its lowest when
the lighting was experienced as much too dark. Their mood improved and reached
its peak when the lighting level was perceived to be just right. It declined again once
the office workers considered it too bright. It appears that there are four characteris-
tics of lighting that are important in terms of an individual’s subjective impressions:
(D) the light’s location, such as overhead or on the periphery, (2) whether it is con-
sidered bright or dim, (3) whether the light appears uniform across the work area,
and (4) whether it is considered to give visually “cool” or “warm” light. It seems that
office workers are generally satisfied with an illumination level of about 400 lux.
However, suitability of lighting levels is task-dependent. For people performing a
screen-based task, lighting levels around 500 lux are probably optimal, as this still
permits workers to perform non-screen-based tasks. It would not be bright enough
for a paper-based task to be completed with ease. An illuminance level of about
700 lux is likely to be suitable for the latter task. However, working with illuminance
levels above this when performing a paper-based task should be acceptable as long as
it does not exceed 1000 lux. At this point office workers are likely to complain about
glare, reflections, shadows and other visual problems.

Providing individual workstation lighting, as well as the standard uniform room
lighting, is an effective means of providing lighting that suits the people and the
tasks performed at individual workstations. Desk lighting permits the individual to
alter the direction and level of lighting. The level will change as the individual’s task
requirements change. The individual also has control over setting the lighting level
to suit their own personal preferences and visual abilities.

People with SAD (seasonal affective disorder) are being treated successfully with
phototherapy. The basis of the treatment is to expose them to bright light of up to
2500 lux first thing in the morning and at the end of the day so as to extend the length
of their exposure to daylight conditions. On a separate but related matter, it has been
suggested (Laurance 2006) that the “post-lunch dip” might be influenced by lighting.
It is thought that the sensitivity of newly discovered receptors in the eye peaks with
light toward the blue end of the spectrum. It has been suggested that these recep-
tors respond to light in a non-visual way, sending signals to the hypothalamus in the
brain, which regulates circadian rhythms. Research results have shown that office
staff felt more alert and were working more effectively after the lights were changed
to a cooler, bluish hue, although they still looked like the standard fluorescent type.

If it is determined after an assessment that the lighting levels are insufficient
to allow tasks to be completed without difficulty, a number of solutions need to
be considered. These are not necessarily time-consuming or expensive. In many
instances, simply cleaning the lamps and/or their covers and shields and replacing
failed light sources will be sufficient to make lighting levels acceptable. These steps
are frequently neglected in offices. Changing the room surfaces from dark to lighter
colors to increase their reflective value and removing obstructions from around light
sources will have a positive impact. Moving light sources closer together and adding
additional units will be beneficial, or alternatively, moving the workstations closer
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to the light sources would work equally well. If the assessment shows that the work
area is not uniformly lit, the first area for consideration is whether any of the light
sources have failed or are dirty. There may be large gaps between light fittings and
reducing the spacing or providing additional lighting should provide a more uniform
distribution of light. The lights could be altered to give a wider distribution of light
or to direct the light upward more. Altering the surfaces within the work area from
dark to lighter finishes and removing obstructions will have a similar effect. If the
lights are considered to be too bright, they need to be fitted with a control mecha-
nism; alternatively, they could be moved so that they do not fall within the gaze of
the workers, causing a glare problem. Another strategy is to reposition the worksta-
tions relative to the lights. If the lights cannot be moved, they can be reoriented if
they are linear, such as a fluorescent light, so that they are viewed end-on rather than
side-on which tends to produce greater glare problems. The light sources could also
be raised, as long as this does not result in an unacceptable drop in lighting levels.

9.3.3 NATURAL LIGHT

It appears (Kiiller and Wetterberg 1996) that people prefer to work in environments
with windows and that lack of windows and a view to the outside may have a nega-
tive impact on well-being and performance. It has been suggested that all windows
should receive direct light from the sky and workers should be able to see the sky
from their windows. The location of balconies, canopies and other overhanging
structures will have an impact on this. It has been suggested that windows should
cover at least 20% of the window wall area if an employer wants most of the work-
force to be satisfied by the availability of windows (Rea 2000). Tall windows, rather
than broad windows, are considered more effective in providing light because the
light is able to penetrate further into the room. Architects who aim to construct
buildings so that externally they resemble glass buildings should appreciate that this
causes large problems for the workforce in terms of regulating glare and reflections,
as well as extreme heat in summer.

Placing coverings on the windows and using materials to tint the glass are likely to
have an impact on mood (Biilow-Hiibe 1995). Frosting glass can reduce transparency
by 30% to 70%. The same applies to glass bricks and glass with insulating properties.

Computer users should, ideally, sit parallel to windows. They should avoid sit-
ting facing a window, which might result in direct glare, and they should avoid sit-
ting with their backs to a window, which can result in problems with reflections on
their screens. High-luminance reflections that virtually obscure the detail displayed
on the screen are called “veiling reflections”. Figure 9.4 shows an ideal office layout
in terms of overhead lights and windows.

9.3.4 CoLor

Kiiller et al. (2006) showed that good color design contributed to a positive mood
among the workforce. They showed that the emotional status of individuals with a
colorful work environment was higher throughout the year than was the case for
those who did not work in such an environment. The brighter the color, the hap-
pier the individuals who worked in that office. However, this does not advocate the
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FIGURE 9.4 An ideal office layout in relation to overhead lights and windows.

introduction of strong colors, as previous studies have shown that the use of very
strong colors can have a detrimental effect on mood and performance. The findings
of Kiiller et al. (2006) simply suggest that good color design has a positive impact
on the mood of the workforce. It should be kept in mind that the perceived color
of an object is influenced by the type of artificial light used to illuminate the work
area. For instance, standard fluorescent lights strengthen the appearance of blue and
green objects more than that of red, pink, and orange objects. This consideration has
significance if an individual is performing a color-discrimination task.

9.4 THERMAL COMFORT

Thermal comfort involves the consideration of more than just the temperature of an
environment. It also includes an examination of humidity and air velocity (or drafts).
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It is particularly difficult to get the thermal environment just right for everyone in
an office owing to the fact that the number of people present changes from day to
day, they each wear different clothes and the amount of equipment in use changes
over time.

Thermal comfort is not something that can simply be measured objectively using
equipment with an assumption being made that if the readings hit the right levels
the environment is suitable. Thermal comfort is not that straightforward because it
is a psychological phenomenon and subjective appraisals need to be included in any
assessment of it. This form of assessment evaluates the affectivity of the thermal
environment and covers issues such as comfort, preference and acceptability. Ratings
scales are usually used to collect this type of information. The other two criteria
that should be evaluated are physiological aspects, such as health, and performance.
Table 9.4 provides an example of a thermal comfort evaluation form that also collects
information relating to health and performance.

Dealing with the thermal environment is made more difficult because most
purpose-built offices are sealed units that do not allow people to open the windows
to change the temperature in any way. Other aspects of building design also influ-
ence the indoor climate. For instance, the amount of insulation present affects the
heat exchange between the inside of the building and outside. The same can be said
of the type of materials used. It is not only a case of losing heat in the winter; it is
also a case of overheating in the hotter months. Heavyweight materials act better as
buffers between the outdoor and indoor climates.

Humans react to the conditions within their environment to preserve their core
temperature. For that reason they are referred to as “homeotherms”. Their physi-
ological reaction to the thermal environment is crucial because failure by the body to
respond properly or to be able to cope with extremes can result in ill health. A steep
increase or decrease in body temperature can lead to confusion and collapse, and
possibly death in extreme situations. The mechanism the body has to control its core
temperature is found in the brainstem and acts like a thermostat. If the environment
is cold, blood circulation to the skin is reduced by vasoconstriction to prevent heat
loss, which can, not unexpectedly, lead to a drop in skin temperature and an increase
in complaints about being cold. It can also cause a reduction in performance. If the
environment is too hot, blood flow to the skin is increased through blood vessel
expansion (vasodilation), allowing the heat to dissipate. Therefore, blood flow is the
most important controlling mechanism in regulating body temperature. Sweating is
the next most important mechanism for regulating body temperature and this occurs
if vasodilation has not been effective enough. The third mechanism for regulating
temperature raises the rate at which heat is generated by the body and it does this
through shivering. This occurs when the body is excessively cold.

Because the body is constantly regulating its temperature, there is a continual
exchange of heat between it and its surroundings through conduction, convection,
evaporation and radiation. Conduction occurs when the skin comes in contact with
a surface. This is significant in the office because it has implications with regard to
the surface finishes selected for office furniture and equipment. If inadvertent heat
loss from the body is to be avoided, office workers should not have to work with
surfaces constructed from materials that conduct the heat away from the body, such



146 Office Ergonomics: Practical Applications

TABLE 9.4
Example of a Thermal Comfort Evaluation Form

Evaluation of Thermal Comfort

[ Name: | [ Job title: | |
| Building: | | Shift length: | |
[ Floor: | | Equipment used by you: | |
| Department: | | Equipment you share: | |

This evaluation is intended to record your views about your thermal environment. It will also record
any related health problems you might be experiencing and the time of day these occur.

Part 1: When at work how often do you feel it is:

Always Often Sometimes Rarely Never

Hot
Warm
Cool
Cold

Dry
Humid
Draughty
Stuffy

Perfect conditions

Part 2: How often do you experience any of the following symptoms:

Always Often Sometimes Rarely Never
am pm am pm am pm am pm | am | pm

Dry throat

Sore throat

Dry skin

Dry lips

Dry mouth

Brittle nails

Rashes

Irritation in eyes
Irritation from lenses
Runny nose
Blocked nose
Breathing difficulties
Chest discomfort
Headaches

Light headedness
Nausea

Tiredness

Lethargy

Hard to concentrate
Feeling depressed
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as aluminum or other metal finishes. This also relates to the edging on wooden
desks against which people might lean as they work. If workers have been given
cold surfaces to use, these can be covered in materials that reduce conductivity. If
the heat exchange occurs through the surrounding air, it is referred to as convection.
This is influenced by the temperature of the surrounding air and air velocity. This
is normally responsible for about 30% of the heat exchange that occurs. Convection
also occurs through air movement, which replaces humid layers of air from next to
the skin, increasing the acceleration in water vapor pressure and temperature and
thus cooling the skin.

Even when people feel that they are working in a pleasant environment, they still
continue to sweat. Sweating occurs continually throughout a day. If the environment
becomes too hot, the skin responds with increased sweating accompanied by a rapid
increase in heat loss from the body through evaporation. The extent of heat loss is
influenced by the amount of exposed skin from which the sweat can evaporate. The
type of clothing being worn determines to an extent how effective sweating will be;
non-permeable clothing will result in sweat dripping off rather than evaporating,
providing little or no cooling. The amount of heat loss is also influenced by relative
humidity, which relates to the variation in water vapor pressure adjacent to the skin
and further away. If the environment is warm enough to cause an increase in sweat-
ing, there is likely to be a drop in the individual’s level of arousal.

People radiate heat and this is exchanged on a two-way basis with other people,
walls, furniture and all other items in the office. Humidity, temperature and drafts
have little impact on radiation. It simply relies on a temperature difference between
the individual’s skin and the surrounding surfaces. If people work in a cool environ-
ment, they lose a lot of radiant heat throughout the day. This starts to be uncom-
fortable if they work alongside a cold window or a north-facing wall, even in what
is considered to be an acceptable temperature. In this situation an individual can
be exposed to an asymmetric thermal environment where the side of the body
adjacent to a window is cool but the other side is comfortable. Working alongside
cold surfaces can account for about 40% to 60% of the total amount of heat lost in
a day. Windows in modern offices tend to be larger than those in older buildings, so
modern offices tend to have more difficulty: the larger windows present large cooling
surfaces in the winter and in summer the same windows allow a great deal of heat
to enter the room from the outside. If the mean temperature of an adjacent surface,
such as a worksurface, differs in temperature from the air temperature by about 2°
or 3° this will have an impact on how the individual perceives the temperature in the
whole working environment. If an object such as a wall is about 4° colder than the
air temperature, this will have a similar impact.

When considering working temperature, there is a vast difference between what
would be considered acceptable in an area of the office where everyone sits down
while they work and areas where people are standing and physically active, such as
in a mail room or archive room. Temperatures between 20°C and 26°C (68°-78° F)
are usually suggested as a suitable range for sedentary workers, whereas tempera-
tures around 18°C to 19°C (65°—68° F) are considered more suited to individuals
engaged in more physically demanding work. What is viewed as acceptable by an
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individual will also be influenced by the clothing worn, the time of year, body size,
gender, age, whether they have consumed food and what type of food.

Exposure to draughts will influence an individual’s perception of the tempera-
ture setting in their office. Difference in temperature values between the floor and
around head level will cause discomfort. Differences in vertical temperatures can
become more noticeable if the temperature is not distributed evenly by the heating/
cooling or ventilation systems in use. Heat dissipation from equipment can also cause
changes in vertical temperature as can cold draughts along cold surfaces lower down
in the workspace. A draught originating from behind the body will be viewed as less
acceptable than a draught originating in front of the body. The ankles and neck are
more susceptible to draughts than other parts of the body and the colder the draught
the less pleasant it is considered to be by the individual. The less movement involved
in the individuals work the more susceptible they are to experiencing draughts as
being unpleasant. If people move around they are less likely to notice draughts and if
they do they will not perceive them to be as problematic. The lower the ceilings in an
office the more likely the individuals working there will feel that they need to allow
fresher air in to that environment and they may find that it is warmer than one with
higher ceilings. Draughts can originate from air-conditioning units or ventilation
systems, especially if they kick-in violently to reduce the overall room temperature.

Humidity also has an impact on thermal comfort. If the humidity levels are
low, the air will be dry and people may experience itching of the nose and eyes, and
contact lens wearers may find that their lenses start to irritate their eyes. This is a
common problem in offices owing to the amount of equipment in use that gives off
heat and dries the air. The problems are worse in winter when heating is employed.
A relative humidity of 40%—-50%, combined with the moderate range of tempera-
tures previously discussed, will probably be satisfactory for most sedentary office
workers wearing light clothing. It is likely that the upper ranges of the 20°-26°C
moderate range will be too high for some individuals who may become drowsy.
Higher temperatures are also likely to result in increased heart rate, increased blood
pressure, reduced activity of the digestive system, a significant increase in skin tem-
perature, a large increase in blood flow through the skin and more profuse sweating.
In extreme situations, as the overriding goal is regulating body temperature, all other
systems must be pushed into second place. As a consequence, the muscles will not
have the same level of blood supply and will work less effectively. In addition, the
digestive system has a reduced blood supply, which might result in nausea as the
stomach sends a signal that it does not want any intake of food.

It is generally believed that temperatures around 21.5° to 22°C represent a sat-
isfactory level for office workers. If the temperature is maintained within a range
that would be considered ‘“normal”, people will not notice it because they will be
comfortable. The more it deviates from the normal range, the more likely it is that
people will notice that it is not a comfortable environment for work. In extreme
conditions, some individuals may start to experience discomfort or even pain, which
prompts them to take action such as removing some clothing or adding additional
layers of clothing. If people do start to feel uncomfortable because the environment
has moved outside a suitable range, they will work less efficiently. They may expe-
rience drowsiness if the environment is too warm. They are more likely to make
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mistakes because they are not as alert. If they feel too cold, they will become fidgety
and be unable to concentrate.

Obviously, the clothes an individual wears will have an impact on their percep-
tion of how acceptable the environment is for the work they do. Once the individual
wears clothes they create a microclimate between the skin and the clothing. This
microclimate should allow them to maintain a satisfactory heat level by maintain-
ing skin temperature and permitting the required amount of sweating. The insulat-
ing qualities of clothing will be effected if it gets wet, as through sweating or from
rain. Moving around, ventilation and penetrating wind will also effect the clothes’
insulating qualities which tend to ‘pump out’ warm air from between the skin and
the clothing. It is generally recommended that clothes should allow pumping and
venting at the neck, waist, wrists and ankles so trapped air can be exchanged if the
individual is getting hot. This has implications in warm environments where males
are expected to wear ties, belts on their trousers and have snug-fitting cuffs.

If measurements are being taken in the workplace to confirm whether the thermal
environment is acceptable, readings should be taken in as many places as possible to
ensure accuracy of the data collected. Readings should be taken alongside workers
and should include measurements at ankle, chest, and head height. Measurements
should also be taken at intervals throughout the day because the climate may change
for a number of reasons.

9.5 SUMMARY

* Noise is defined as unwanted sound.

* Noise is a subjective experience.

* Sound can be measured objectively.

* Sound does not have to be loud to be considered noise.

* Sound becomes noise when it breaks concentration, is distracting, is annoy-
ing or is unacceptable to the individual.

* Persistent noise can result in anger and frustration.

* The nature and context of noise is more important than the intensity of
the noise.

* Noises are more distracting in a quieter environment than in a noisier one.

* Noise is more annoying if it varies, if it is high-pitched or deep and rum-
bling, if the content is meaningful and if it is under the control of another.

* Noise is less annoying if it is predictable and is viewed as being an unavoid-
able and necessary part of the work.

¢ Performance can deteriorate as a result of continued exposure to noise.

* Reverberation has an impact on noise levels. Reverberation refers to the
bouncing of sound waves off surfaces.

* The fewer the sound-absorbing surfaces or objects in a room, the greater
the reverberation.

» Carpeting and partitioning act as sound absorbers.

* Background noise is most distracting if it shares similar frequencies with
the target sound. This is referred to as masking.
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Noise levels should be controlled to maintain performance at acceptable
levels and reduce annoyance.

The levels of light required to complete a screen-based task efficiently are
different from those needed to complete a paper-based task efficiently.
Luminance relates to light bounced back by a surface.

Illuminance relates to the amount of light falling on a surface.

High levels of illuminance cause glare.

Glare can be direct or indirect. It occurs when there is an imbalance of
surface luminances within the visual field.

Disability glare makes completion of a task more difficult.

Workers should sit between rows of lights rather than in line with them.
Workers should sit parallel to windows rather than facing them or sitting
with their backs to them.

Lighting levels can influence workers mood.

500 lux is suitable for screen-based work.

700 lux is suitable for paper-based tasks.

Desk lighting offers greater control to the user over the local lighting environ-
ment.

Cleaning lamps or their shields, replacing failed bulbs or tubes, changing
room surfaces from dark to light, moving light sources together and adding
more may improve lighting conditions so they become acceptable.

People prefer to work in rooms with windows rather than without.
Workers should be able to see sky through a window.

Tall windows are more effective than broad ones.

People’s bodies react to maintain their core temperature.

Although a range of 20°C to 26°C is considered acceptable, temperatures
between 21.5°C and 22°C are most likely to be considered satisfactory.
Drafts influence a worker’s perception of the temperature.

Differences in temperature between the head and ankles will cause dis-
comfort.

Drafts behind the body are less acceptable than drafts in front of the body.
The ankles and neck are most susceptible to drafts.

The less a worker moves, the more noticeable the drafts.

Low humidity causes irritation of the mucous membranes and eyes.
Wearing clothes creates a microclimate between the skin and the clothes.
Measurements of the thermal environment should be taken at different
levels and at different points during the day.
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10.1 INTRODUCTION

One of the biggest mistakes that can be made by people working in offices is to
believe that because they are sedentary workers, they will not be involved in man-
ual handling activities. Everyone in an office becomes involved in manual handling
tasks in that environment at some time. For instance, boxes of copier paper are
moved to the photocopier, archive boxes are filled and moved to a storeroom or
rooms are set up for training courses or seminars resulting in desks and chairs being
moved, possibly along with audiovisual equipment. Many office workers move files
around the office, and many carry laptop computers to and from work. Large bottles
of water will be placed on the drinks dispenser at intervals and workstation fur-
niture may be relocated within the office. The movement of all of these items is
manual handling and more often than not the individuals given the responsibility of
moving them have not received manual handling training. It is likely that they have
not received training because of the erroneous assumption that, as office workers,
they will not be handling loads. Any individual moving objects within the office
environment should be viewed as being at risk if they have not received the training
to complete this task properly and safely. They will have little understanding that
sometimes they will be moving quite heavy loads—possibly load weights heavier
than some handled in industry. For instance, a laptop in its bag can weigh 9 kg and
a box of copier paper can weigh around 13 kg. Archive boxes are commonly filled
with paper weighing in excess of 15 kg. A large bottle of water used in a dispenser
can weigh around 18 kg. Even a bundle of files removed from a filing drawer can
easily weigh 7 kg or more. Office handlers do not realize that when they carry
bundles of documents around the office they are, in effect, moving a lump of tree.
When viewed in these terms, it is easy to accept that they are involved in quite
heavy manual handling at times.

Everyone in an office should be given manual handling training and it should
be tailored to suit the type and amount of manual handling they might perform.
Those working on the periphery of the main office departments should not be over-
looked either. For example, the mailroom is a hotbed of manual handling as sacks
of mail and parcels are delivered to the site and sorted. Many people who have
never ventured before into the mailroom in their building will be surprised to see
that bags of mail are typically thrown or swung around the work area. They will see
mail being sorted, then pushed around the various departments in an assortment of
trolleys, some of which may not be functioning properly which makes moving them
more demanding.

151
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There are other areas that require attention when focusing on manual handling.
For instance, if the building has its own restaurant or café, a significant amount of
manual handling occurs in the kitchen. As an example, a bag of potatoes can weigh
25 kg and will often be handled by female kitchen staff. Similarly, security staff
probably sign for parcels in the reception area of a building and then are responsible
for moving them to the appropriate department. IT personnel may be responsible
for collecting and relocating IT equipment. Cleaners who move around the building
before or after general working hours have to move mops, buckets, vacuums, clean-
ing materials and so on, all of which can be heavy.

Having drawn up a list of who might move objects within an office building, it is
easy to see that almost everyone could potentially move something at some time.
For that reason, all workers need to be offered the right type of manual handling
training program.

Many who do recognize that they are involved in manual handling may believe
inaccurately that only handling very heavy loads will harm them. On that basis, they
might feel that moving a couple of reams of copier paper or a handful of files will
have no impact on them, no matter how they carry them. They need to realize that
what causes problems during manual handling is the way it is done, not necessarily
the weight of any particular load. Repeated handling of even modest loads can cause
back problems if performed over a lengthy period.

If a motivator is needed to prompt an organization to take its manual handling
issues in hand, thought should be given to the impact on individuals if they become
injured when handling a load at work. On a personal level, the instant impact will
be pain, discomfort and/or restricted movement. After that, it is likely there will be
a change in the individual’s quality of life. They may find that everyday tasks, such
as walking upstairs, getting out of a chair or putting on socks, become difficult,
painful or even impossible. This is likely to be followed by a change in their finan-
cial circumstances as they recover from injury and further still if they cannot return
to employment. If they do return to some form of employment, their choices may
be limited by their injury and they may need to accept a job with a lower pay. They
may also have to pay to be retrained in a completely different field. Other costs may
include making alterations to the home to make it easier to move around and they
may have to pay for medication and treatments such as physiotherapy.

The cost to the organization if someone is injured at work should also be a strong
motivator for confronting manual handling issues in the workplace. The immediate
impact of a manual handling accident is loss of input from the injured party and
from any colleagues who stop work to assist them. If time has to be made up through
overtime, this will be costly to the organization. In addition, while the injured person
is absent, their colleagues will probably have to cover for them, which increases their
own workload on a day-to-day basis. Any accident investigation will involve time,
as will any report that has to be prepared. There are likely to be costs associated
with the administrative side of the injured person’s absence, such as replacing the
individual and retraining a replacement. The company may also have to pay medical
expenses such as specialist’s fees or physiotherapy sessions. There may be issues
relating to any future personal injury claim by the individual and this is likely to
have an impact on insurance premiums.
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10.2 MANUAL HANDLING INJURIES

If people were asked to list the areas of the body likely to be hurt in a manual
handling accident, most would probably suggest the back first of all. They are correct
that in most cases the back is the most likely body part to be injured, but it is not the
only body part they can hurt. Many people develop upper limb disorders (ULDs),
especially if they handle loads repeatedly at work. ULDs are dealt with in chapter 11.
Other handlers may drop loads on their fingers and feet and these too are classed as
manual handling injuries.

The structure of the back and some of the reasons why it might become injured
are dealt with in chapter 1. In brief, it is possible for damage to the disks to occur
over time if the individual leans forward at the waist while lifting a load. This causes
bulging of the disk and over time this bulge can increase in size until is presses
on the nerves, causing discomfort. Occasionally an individual will experience a
prolapse. In addition, when a person leans forward the muscles also have to combat
the effects of gravity; controlling the weight of the upper body when in this posture
can overload and injure the back muscles.

Ligaments run almost the full length of the vertebral column. They are passive
links between bones, in contrast to muscles which provide active links between bones.
The ligaments in conjunction with the muscles and joint capsules bring about move-
ment. The ligaments can become stressed by repeated bending at the waist which
stretches them and by twisting at the waist. Twisting at the waist is usually unneces-
sary. People simply have to be aware that they should move their feet when moving an
object, rather than swinging it from one surface to another without turning their feet
in either direction. Moving the feet will immediately eliminate twisting at the waist.

Hernias are often associated with manual handling and it is usually assumed that
these must be the result of heavy manual handling. This is part, but certainly not all,
of the picture. Hernias occur most commonly in the abdomen. The abdominal wall is
comprised of tough muscle and tendon that runs from the ribs to the groin, principally
holding the intestines in place. The intestines exert significant outward pressure even
if the individual is not engaged in manual handling. Sometimes a person will have a
weakness in the abdominal wall. As they raise a load off a surface, there is an increase
in intra-abdominal pressure which, in effect, pushes the intestines forward against the
abdominal wall. Sometimes a piece of intestine pushes against and through the weak
point, resulting in a bulge—a hernia. If investigations are carried out after the devel-
opment of a hernia, it is likely to be established that the individual had a pre-existing
weakness in the abdominal wall, they were involved in heavy manual handling that
would have increased the internal pressure and they combined this with poor posture,
such as leaning forward at the waist while lifting the load. Leaning forward would
have increased the pressure on the abdominal wall even more.

10.3 REDUCING THE RISK

The most effective way of reducing injuries is to reduce the risk of the manual handling
task. The hazardous elements of the task can be identified during a specific manual
handling assessment, which will be discussed in chapter 13 on risk assessment.
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In the first instance, thought has to be given to whether the load needs to be
handled at all. For instance, instead of having employees carry boxes of copier paper
to the photocopier, the supplier could deposit it in a storage unit next to the copier.
This would mean that employees only need to pick up one or two reams of paper as
required. Instead of archive boxes being carried to storerooms, the employees could
use mechanical assistance such as trolleys to transport the boxes.

10.3.1 MECHANICAL ASSISTANCE

Although using a trolley lessens the burden of handling a load, it should not be for-
gotten that using it retains an element of manual handling as the load is pushed or
pulled. The condition of the trolley affects how easy the task is; therefore, it is essen-
tial that all trolley or other mechanical equipment used for transporting loads should
be well maintained. The wheels on a trolley often become worn or damaged, and if
they interfere with the free movement of the load, the individual pushing it will have
to overcome the resistance by increasing the force applied.

Providing any type of mechanical handling device will not necessarily make the
task easier. The equipment, such as a trolley, has to be selected with both the task and
the environment in mind. The trolley itself should be designed so that it can manage
the load easily and this will require considering the style and number of tiers incor-
porated into the design. Workers will have to learn how to stack a trolley properly so
that the load remains stable during movement.

The wheels on a trolley should suit not only the load weight being transported but
also the surfaces across which the trolley will be moved. Some wheels are designed
to traverse vinyl, others concrete, others carpet. All wheels will not work equally
well on all surfaces. Nylon or cast-iron wheels work most effectively on hard, smooth
surfaces such as concrete, but they are not good at traversing gaps in the floor or
bumps. Using rubber materials in the wheels makes them easier to move over a
bumpy surface or outdoors, as the rubber absorbs some of the shock. Pneumatic
tires are effective when moving over uneven surfaces, but they need to be monitored
regularly to ensure that they have the correct pressure.

The size of the wheels and the number present also has a bearing on how easy
a trolley is to push or pull. Larger wheels are better for use in areas where there are
gaps in the flooring or the floor surface is not particularly smooth, as they have lower
rolling resistance. Trolleys with smaller wheels are acceptable for use with lighter
loads and for moving only a short distance. Narrow wheels and types with a rounded
profile move more easily on hard surfaces. A wider type is necessary if there are
gaps in the flooring where a narrow wheel might get stuck, or where the area is car-
peted. If people have to use the trolley in a variety of areas with either carpeted or
concrete flooring, they should use a trolley with a soft tire and a solid central rim.

Two-wheeled trolleys, such as found on a sack truck, can be used in a variety of
situations, ranging from the movement of several boxes of copier paper to moving
a filing cabinet. However, as the trolley is supported by the handler once it is tipped
back, these are not suitable for movement across long distances. Platform trolleys
might be a better alternative and are also more suited to the movement of larger,
bulkier items. Handlers need to be aware that they should avoid bending if placing
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smaller items on the low-level platform. This problem can be overcome to an extent
by using platform trolleys with an upper shelf for smaller items. Having drop-sided
shelves, where a retaining bar or gate can be lowered, will make an item more acces-
sible when being removed from the shelf.

Whether the wheels have been designed to rotate on the front or rear of the
trolley and how easy this makes the trolley to steer has to be considered. Four swiv-
eling wheels are most suited to confined or congested areas because they allow the
trolley to be maneuvered more easily. However, they should only be used over short
distances because they require greater effort to control and steer. Care should be
taken if they are used on sloping surfaces, as the trolley may start to move sideways,
which the handler will have to resist. As a general rule, when moving up or down a
slope, the handler should be uphill of the trolley so that any loss of control does not
result in the trolley colliding with them. A trolley with four swiveling wheels should
be fitted with a handle at each end. A combination of two fixed and two swivelling
wheels is more appropriate for longer distances and for slopes. Slopes with a gradi-
ent of more than 2% will result in a significant increase in effort on the part of the
handler to control the trolley during ascent and descent. Trolleys frequently used
on slopes should be fitted with brakes, which can be either hand- or foot-operated.
Whatever type is used, it should not require excessive force to operate, and foot
brakes should not be positioned so that they are likely to come in contact with the
handler’s legs or feet as they walk. If the trolley is very long, two central fixed wheels
and two swiveling wheels at each end will make it easier to steer around corners but
will make it difficult to park neatly against a wall when not in use.

Where users place their hands when pushing the load will have an impact on
the effort involved. Being able to grip a well-designed handle between waist and
shoulder height is desirable as this allows the handler to stand upright and not have
to work with her hands outside a comfortable zone. Using vertical handles rather
than horizontal handles, specifically on narrow trolleys, allows individuals to place
their hands at the most convenient height for them. These should be positioned about
450 mm apart. Horizontal handles do make maneuvering a trolley in confined spaces
an easier task. Cylindrical handles are more appropriate and should have a diameter
around 25-40 mm. Covering the handle in insulating material such as rubber will
reduce the possibility of heat exchange and the likelihood of the hands slipping dur-
ing use. There should be sufficient clearance when handlers push a trolley through a
doorway so that their hands do not become trapped or crushed. Ensuring that trolleys
are about 80 mm narrower than the smallest door aperture used should provide this
clearance. If doorways cannot be used easily, the handler will feel compelled to
abandon the trolley and carry the items being transported, which defeats the purpose
of providing the trolley. If handles are fitted to the trolley, they should be positioned
inward from the outer edges of the trolley to ensure that hands do not get injured
when going through narrow passageways.

Observations of handlers should identify whether they use only one hand to
control the trolley, such as pulling it behind them. It is believed (Chaffin et al. 1999)
that the amount of force that can be generated by one hand is only about 50% to
60% of that which can be generated with two hands. Pulling one-handed also causes
the handler to twist to one side and the workload is focused on one side of the body.
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Pushing or pulling with two hands spreads the workload out more evenly across the
body and permits the handler to maintain an upright, symmetrical posture. If the load
height permits it, handlers should always push the trolley in front of them. A trolley
height of 1400 mm should ensure that even a “Sth percentile” female handler will
be able to see over the trolley, given an unshod eye height of 1405 mm (McKeown
and Twiss 2004). This height also relates to stacking levels on the trolley. This height
should increase stability of the trolley when it is being moved up a slope, since very
tall trolleys can tip up when pulled up slopes. If the trolley is constructed so that it
has high, solid sides, consideration should be given to replacing the upper level with
mesh or cross-frames at appropriate points to enable the handler to see ahead.

It should not be assumed that because a trolley is being used, the handler will
not have to employ much force to move the load. The only satisfactory way to con-
firm that excessive force does not need to be used to move the load is to measure
the pushing or pulling forces. When taking such measurements, two different types
of readings need to be recorded. First, the force required to start the load moving
needs to be recorded. Subsequently, the force required to keep the load in motion
should be recorded. Typically, more effort is required to start the load moving than
to keep it moving. Sample measurements should be taken in a number of areas that
are representative of where the load would be moved. Therefore, this might require
taking measurements in carpeted areas, where carpets adjoin vinyl floors, where
handlers might turn a corner, where they might pull a trolley into an elevator, where
they might pull the load up a slope and so on.

Should the effort involved in moving the load be excessive when compared with
applicable standards and guidelines, the employer will either have to reduce the total
load weight being transported or try an alternative trolley with different wheels more
suited to that environment, or both.

The footwear chosen by people who work in offices may increase the difficulty of
pushing and pulling a trolley owing to the style and materials of the shoes. The floor
surface also plays a part in the difficulty of the task. Where possible, handlers should
be able to push or pull trolleys along even, dry floor surfaces. The use of automatic
opening doors will make movement between different work areas less demanding.

10.3.2 Work DEMANDS

If someone has no choice but to handle a load without any form of mechanical
assistance, an evaluation needs to be made of how the task is completed to identify
whether the risk of the operation can be reduced. The posture adopted when moving
the load should be considered. It is always recommended that a load be kept close to
the body; therefore, if the handler holds or manipulates the load at a distance from
the body, the reason for this should be explored. For example, it may be that when
handlers load boxes of copier paper onto a shelf, they have to reach across archive
boxes stored on the floor directly in front of the shelves. This will cause them to work
with their arms extended and possibly leaning forward. Holding a load at a distance
from the body is five times more stressful than holding it close to the body. Relocat-
ing the archive boxes will allow the handlers to get closer to the shelves and will
reduce the extent of reaching or leaning forward, which will reduce the risk of injury.
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Handlers should be made aware of the need to get as close to a load as possible before
attempting to pick it up. For instance, rather than lifting a monitor at a distance on
the desk surface, they should slide it forward across the desk surface before picking
it up. The correct techniques to employ when handling loads are explored more fully
later in this chapter.

If handlers twist at the waist as they transfer items from one surface to another,
such as from a trolley to a shelf, this will increase the risk of backache or back injury
and this is usually unnecessary as the handlers are likely to be completely mobile.
They should move their feet to face the direction in which the load is moving. Even
individuals sitting on seats have a tendency to twist at the waist when they want
to remove an object, such as a reference folder, from an adjacent shelf, rather than
rotating the swivel chair so that they face the shelf and avoid twisting.

People who are unaware that they are involved in manual handling, which is
typical of office workers, frequently bend forward at the waist as they try to raise
something from a low surface such as the floor or the lowest drawer in a filing cabinet.
This is particularly stressful for the back, as the upper body becomes a “load” that
also has to be controlled during the movement of the intended object. Apart from
training handlers in the correct technique, consideration should be given to storing or
presenting loads at heights that reduce the need (or at least the temptation) for handlers
to lean forward. Presenting items between knuckle and elbow height is considered
ideal, particularly if the loads are heavy or awkward. Higher and lower shelving can
still be utilized, but these shelves are better suited to the storage of lighter or infre-
quently used items. Figure 10.1 gives a clear indication of the lifting ability of males
and females. This can be used as a guide when determining the positioning of loads
on shelves or other surfaces. If shelves are designated as heavy load or light load
shelves, they should be marked or labeled in some way so that the handler is aware of
what can and cannot be placed on them such as when unloading a trolley. Marking the
loads themselves with an indication of weight will also be helpful.

Removing objects from high surfaces, or placing them there, is demanding for
both the arms and back. The arms are working at a mechanical disadvantage making
it more difficult for them to control the load which could result in arm or shoulder
injuries. Moving the load through a large vertical distance, such as from the floor to
the top of a filing cabinet, should be viewed as a demanding task because it requires
both a change in posture and a change in grip as the load is moved. Ideally, heavy
loads should not be stored on or near the floor, and they should not be stored at high
levels, such as above shoulder height. If people do have to move loads from a high
point to a low point or vice versa, they should use a halfway surface around waist
height to rest the load so that they can change their grip and posture appropriately
before finishing the movement. Although it might be argued that this results in two
separate lifting actions, rather than one, it is always better to do two safe lifts rather
than one unsafe lift.

If the load is being positioned precisely, such as when placing a file back in a
filing drawer, the length of time the handler is in contact with the load is extended and
this will increase the fatiguing effects of the handling operation. If the load is being
removed from its point of storage and is released abruptly, such as a box suddenly



158 Office Ergonomics: Practical Applications

Very
difficult

: 3 Shoulder height

Difficult

3— Elbow height

Optimum Fair

Knuckle height
Good Difficult
Mid lower leg height
. Very
Difficalt | giicule

FIGURE 10.1 Lifting ability relative to height and distance from the body.

being pulled free from a shelf, the handler may be taken by surprise. Being unpre-
pared for the movement of the load may result in the handler becoming injured.

People who are involved in continuous handling of small loads should be viewed
as being at risk, particularly if they are rushing. It is important that handlers under-
stand that it is not just large, heavy loads that cause difficulties. Regular breaks from
handling allow people to recover from the effects of continuous handling. Allow-
ing handlers to choose when they need to stop for a short break is more effective at
controlling the onset of fatigue than setting specific intervals for breaks.

If people are sitting down when they handle a load, such as handling archive
boxes as they sort through the documents inside, their ability to lift safely is prob-
ably reduced by about 80% when compared with handling in their optimum standing
position. This is because once they sit down, they are fixed in place and cannot
move toward the load. As a consequence, they become completely reliant on their
arms and upper body to do the work. If they are sitting on a standard office chair
on casters, they should be aware that the chair might move backward if they reach
forward causing them to fall. Seated handlers should avoid trying to lift something
from the floor while remaining on the chair as this will cause them to stoop. For
that reason, files should not be stored on the floor area around a worker. If there is
insufficient space on the desk surface, a temporary surface such as a trolley could be
used alongside the seated worker.

The greater the distance an individual carries a load, the greater the demands
of the task. If someone carries an object for more than 10 meters, they are likely to
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become increasingly fatigued, making them more vulnerable to injury. Providing a
trolley would help in this situation. If so, the next thing to consider is whether there
is room to move the trolley freely and whether there are steps and slopes that would
make the task more difficult.

Occasionally, two or more people may be required to move something large or
heavy. It should not be assumed that two people can lift twice as much as one person,
or that three people can lift three times as much as a single individual. Once people
start working together to handle loads there are additional burdens that increase the
risk of the operation. For instance, one person may need to walk backwards when
handling the object, increasing the risk of tripping. Once the second handler takes
up position on the opposite side of the load from the first, they may impede each
other’s view. Having two or three people standing around a load as they transport it
increases the space requirement in terms of clearance through doorways and along
corridors. Sharing the handholds can be more difficult as more people assist with the
lift, forcing some of them to grip the load in more awkward positions. If the load is
very small, the handlers might find there is insufficient space for all of them to grip
it without overlapping with each other. An asymmetric load may result in one of the
handlers having to bear a greater proportion of the weight than another in the team.
In this situation, the strongest team member should take the heaviest end. Handlers
may not communicate properly with each other with regard to raising and lowering
the load resulting in an uncoordinated lift. This emphasizes the need for appropriate
training in team handling as well as general manual handling skills. Generally, if a
load requires more than three people to move it, an alternative non-manual method
should be employed. If two people work as a team, it should be assumed that they
will probably have about two-thirds of their combined individual capability, and
three people working as a team will have about half of their combined individual
capability. People in the team should be around the same height and about the same
level of ability, if possible.

10.3.3 OBjecT CHARACTERISTICS

People usually focus on the weight of a load initially in the belief that it is likely to be
the major source of any difficulty they will have transporting it. They often assume
that the heavy loads are likely to be the most problematic. However, that does not
always prove to be the case. Handlers are often cautious when faced with a large
heavy load and take extra care when moving it. They tend to treat it with respect and
as a consequence they probably reduce the risk of injury. When faced with a smaller,
lighter load, some handlers will take a more casual approach, possibly neglecting
to use their learned manual handling skills. This attitude will put them at risk. It is
common for people to think that a small object is so light that they can actually carry
three, four, or more of those objects simultaneously. As a consequence, although the
individual load weight might not be excessive, the total load weight will probably
move into the excessive category when given a risk rating. For example, some people
choose to carry one box of copier paper in each hand, holding them by the nylon
straps. Instead of moving a load weighing around 13 kg, the individual is actually
moving a 26 kg load which is significantly more demanding for the body.
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Other features apart from the weight of the load may increase the risk of injury—
for instance, its shape. If an object is large or bulky, such as a notice board, it can be
difficult to grip. This is particularly so if it does not have any specific handholds, as
is true of a television. Bulky loads can also make it more difficult for handlers to see
where they are going or to see tripping hazards on the floor ahead. Using trolleys for
such large objects might be a more suitable alternative. Floppy loads, such as large
potted plants, are also more difficult to control.

If the load does not have a symmetrical distribution of weight handlers may
increase their risk of injury if they do not pick it up correctly. The heaviest side of
the load should be held closest to the body. This may necessitate turning the object
around or walking around to another side and approaching it differently. Many loads
in an office—such as chairs, CRT monitors and televisions—have an asymmetrical
weight distribution. Appropriate training should advise handlers about this feature
of loads and they should be told to test the weight distribution of unfamiliar loads by
rocking them from side to side before picking them up.

Some loads are more difficult and therefore more demanding to pick up because
their outer surfaces are smooth or slippery, or they may be so large that they are dif-
ficult to grip. Loads like these should either be placed on a trolley for transport or
placed within another container fitted with handholds to make them easier to move.
If two people are working together to move such a load, they could consider using
a sling-type arrangement if a trolley is not available. For instance, if two female
canteen workers were trying to move a 25 kg bag of potatoes, which will not have
handholds, they could slide it onto a large refuse sack and pick it up using the corners
of the refuse sack, which would act as a sling to support the load being transported;
or, of course, they could slide it across the floor.

If loads are provided with handles, such as the holes cut into the sides of an
archive box, it should not be assumed that the handles will actually serve a useful
purpose. Some loads are better picked up without using the handles or straps. For
instance, people often carry a box of copier paper using the nylon strap. Support-
ing the weight of a 13 kg load on the narrow strip of the palm covered by the nylon
strap cannot lead to the use of a strong grip which will be fatiguing, nor can it be
healthy on a more local level for the palm of the hand. In addition, using one hand
to support the weight of the load to the side of the body makes the handler lean or
twist to one side. Handlers would be better to ignore the strap and lift the box by
placing their hands underneath it. This would allow them to share the load between
both upper limbs, they would maintain an upright, forward-facing posture, the load
would remain close to the body when being carried and they would be able to grip
the box more firmly.

The manufacturer of the container in which a load is stored may not have thought
through where the best place is for handholds. Manufacturers often work on a
“centralized” view of where handholds should be located. For instance, they usually
place handholds in a central point on the sides of a box. This is not be helpful if the
box contains a CRT monitor with a distinct asymmetrical distribution of weight.
It would be better to move these handholds in the direction of the heaviest side of the
load, which would not only suggest to handlers where they should stand when lifting



Manual Handling 161

the load but would also result in the heaviest side of the load being kept close to the
handler’s body.

Placing handholds on the top of a load can be quite useful if the load is small,
as this will discourage users from bending forward at the waist to raise it off the
floor. For instance, a laptop bag usually has a handle on the top so it does not have
to be picked up by placing the hands beneath it at floor level. This type of handhold
positioning might be more problematic if the load is big or long and will not clear
the floor when being carried without the handler’s arm being raised, which will be
fatiguing for the limb. An example is a portfolio bag used by an artist or architect to
carry large drawings. These often have handles at the top but the bags are often so
large that they drag on the ground if it is not raised high or carried differently, such
as by using a handle fitted on the side so that the bag is carried almost tucked under
the armpit.

Loads that are likely to shift when being transported increase the risk of a
handling task. For instance, moving a large archive box filled with small objects
such as staplers and hole punches may result in the objects shifting as the box is
raised off the floor. This makes the load unpredictable and more difficult for the
handler to control. Any load being transported within a container should be secured
where possible to prevent it from shifting. For example, pushing a piece of bubble
wrap or shredded office paper down the sides of a small object inside a large box
will make it more stable. An item that is a little floppy, such as paper for flip charts,
is difficult for the handler to control when moving it. Placing it in a rigid container or
on a trolley will make it more controllable.

10.3.4 ENVIRONMENTAL CONDITIONS

The space in which people work when handling loads has an impact on how demand-
ing the task is for them. Walking up steps or a ramp when moving between work
areas is more demanding. If possible, all handling should be carried out on one
level, and anything other than a very light object should be transported using the
elevator rather than being carried up and down stairs. If handlers have to traverse
two separate working levels using a ramp it should have a low gradient. The same
principle applies to handling between different levels of shelves, such as in a store-
room or reference library. The level to which a load is transferred should be similar
to that from which it has been removed to minimize the range of movement and
thus reduce the risk of injury. On that basis, movements such as transferring a box
of stationary from the lowest level on a trolley to the highest shelf in the stationery
cupboard should be avoided through proper planning.

Narrow walkways, such as between rows of desks, or corridors influence how
loads are carried or otherwise moved. Lack of overhead clearance, such as occurs
when pulling something out from the lowest shelf in a storage area, affects the
posture adopted and the subsequent level of risk. Having to negotiate doorways can
make moving a load more challenging if the handler needs both hands to support it.
Planning ahead—asking someone to hold the door open or placing a wedge under
the door—is likely to happen only if the handler is provided with appropriate train-
ing to increase their awareness and thus their forward planning.
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If handlers work in a warm environment, such as a Kkitchen or even a hot office,
they may become fatigued rapidly and may develop sweaty hands which can result
in them losing their grip on a load. If they have to work in cold environments, such
as caretakers who have to clear up outside the main building, they may experience
a loss in dexterity. If they are provided with clothing suitable for working in colder
temperatures, such as bulky jackets and thick gloves, this may hinder their move-
ment and interfere with their grip.

Working in well-lit conditions will ensure that handlers do not trip while moving
between areas, they will not have to lean forward in order to see the load more
clearly and they will not have to spend so long putting the load on a surface if they
can see exactly where they are positioning it.

10.3.5 THE PErsoN

Manual handling is probably one of the few subjects where legitimate distinctions
can be made between people on an individual basis, particularly in terms of age, gen-
der and physical suitability. It is generally accepted that women do not have the same
lifting strength as men. However, there will be some overlap and there will be some
women who can easily handle heavier loads than their male counterparts. Despite
these possibilities, in order to offer protection to the whole workforce, it should be
assumed that women have about two-thirds the strength capacity of men, and this
needs to be taken into account when assigning manual handling tasks to workers.
A woman’s ability to lift and handle loads safely should also be viewed as diminish-
ing during pregnancy. Although this does not necessarily suggest that women are
incapable of handling loads safely when they are pregnant, expectant mothers are
more susceptible to injury owing to the combined effects of hormonal changes and
their changing shape and posture, all of which affect their ability to lift safely.

In addition to the sensitive nature of dealing with gender when it comes to manual
handling, the age of the handler also needs to be considered sensitively. Generally
speaking, a person’s physical capability reaches its peak in their early twenties and
then starts to deteriorate. This becomes more apparent once the individual is over
forty. This has implications for both younger and older workers. It would be a mistake
for an organization to employ only young men in their late teens and early twenties
to move loads around the business. Young men particularly will not have fully physi-
cally matured at this age and could be compromised if presented with a heavy or
awkward load. Although superficially it would appear that an older worker might
also be more susceptible to injury, they bring with them certain qualities that offer
some protection. For instance, older workers tend to have a more mature attitude to
their work and as a consequence they may not feel the need to prove to anyone that
they can handle heavy loads unaided. They will not be embarrassed to ask for help.
In addition, older workers have a greater breadth of experience, which is likely to
help them take a safe approach to handling objects. However, it has to be accepted
that the older the workers, the faster they are likely to become fatigued and this will
have to be accounted for when assigning work to them.

The clothing worn by office workers can potentially put them at greater risk of
injury than their counterparts in industry. People working in industry tend to wear
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overalls or other loose workwear and they have no concern about getting dirty. They
are likely to wear safety shoes with steel toes and gloves that suit their work. People
working in offices usually have to adhere to a dress code, which results in them
wearing clothes that do not necessarily allow them to move easily and they may be
concerned about getting them dirty. Handlers are always advised to carry loads close
to the body but some office workers hold loads at a distance to avoid soiling their
shirts. This concern over clothing immediately results in a five-fold increase in stress
on the lower back. Female handlers who wear tight-fitting skirts and high heels may
find it difficult to adopt an appropriate posture when handling loads.

Some individuals may suggest that they should wear a back support belt when
handling loads in the office. It may be that they use one when they are working out
in the gym. These need to be considered carefully because it is not believed that
such belts offer any particular protection during load handling. In fact, they might
increase the risk of injury because they generate a false sense of security, making
the handler overconfident. If back belts are used, they should be worn properly. This
means getting the right size to start with and ensuring that it is worn in the appro-
priate position on the body. To that end, the instruction leaflet that accompanies the
belt should be read carefully before the belt in fitted. In addition, handlers need to be
aware of what the belt is actually doing for them. It takes over some of the workload
of the muscles in the area where it is fitted. If the body is being offered artificial
support, the muscles may not offer the same level of assistance and support that
they would normally as this would be duplication of effort. As a consequence, the
muscles tend to be in a more relaxed state while the belt is being worn. The mistake
that most handlers make is to take the belt off abruptly at the end of their handling
session, which is “shocking” for the muscles, which up to that point have been less
active. To avoid the abrupt transfer of the workload onto previously relaxed muscles,
the handler should gradually undo the back belt, one hole at a time, leading up to the
point when they want to remove it. This allows a gradual resumption of effort on the
part of the muscles as the belt is loosened.

It is important that the issue of self-selection is acknowledged when expecting
individuals to perform manual handling tasks. Office workers have self-selected to
work in what might be perceived to be a less physically demanding environment and
have self-selected to avoid working in a more demanding industrial type environ-
ment where they might be readily expected to lift objects. On that basis, they may
not be mentally prepared for the possibility that they have to handle loads and may
not have the right kind of mind-set to approach it safely.

The key point with regard to handlers is that they are more likely to handle a load
safely if they have been given appropriate manual handling training and awareness.
No one should ever assume that someone knows how to handle an object correctly
unless it is certain that the individual has received suitable training and has devel-
oped the right kind of practical skills to do so.

10.4 TRAINING

The training offered to individuals involved in handling loads needs to provide an
understanding of why it is important to learn about appropriate handling techniques
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and how those techniques should be applied. They should be given an appreciation
of how parts of the body, such as the back or arms, can become injured during
manual handling so they can appreciate the connection between poor handling skills
and injury. Some trainees may comment on a course that they have been handling
loads for many years without any training and have never encountered any problems,
the inference being that they do not need any training at that time. What they need to
understand is that many manual handling injuries are cumulative and build up over
a long period of abuse. Therefore, although they may feel perfectly healthy at that
moment, they cannot be sure they will avoid future problems.

Training should occur away from the main work area so that the trainees can
concentrate on what is being said by the course tutor and so that they can rehearse
practical skills without worrying about being observed by their work colleagues. A
practical phase during training is essential as many trainees will never have used the
specified techniques previously. The tutor should ensure that everyone is fit enough
to do the practical exercises before inviting trainees to participate. Although it is
always helpful to start the practical phase using small, compact loads, which provides
trainees with an opportunity to get used to the basic principles of lifting without
concern over heavy objects or irregular shapes, the session should also incorporate
items representative of what the trainees would normally handle. This may need to
include the use of trolleys if that is an integral part of their work. Trainees should
be encouraged to attend the course in loose-fitting trousers and flat shoes so that
they can move easily. Women who generally wear skirts when handling loads will
need some specific advice about the best way to approach a load if restricted by their
clothing. Men should be advised to remove ties before starting the practical phase,
and anyone with long hair should tie it back. Objects such as keys should be removed
from trouser pockets so that they do not stick in the person’s legs as they attempt to
raise a load off the floor.

The first concept the trainees need to consider is planning and preparation. They
need to understand the advantages to be gained from thinking ahead so that they can
take steps in advance of the actual effort to reduce the risk—for instance, recognizing
that a door is closed and propping it open with a wedge before trying to pass through
it carrying a load. Trainees should understand that they have to consider whether
they have sufficient space to move around easily before handling a load. They should
investigate the possibility of using a trolley rather than attempting to move the load
without assistance. They should consider whether they need someone else’s help and
who might be the right person to help them. If they are faced with an unfamiliar
load, the last thing they should do is attempt to pick it up. They should learn how
to test the load initially to get an idea of its weight and distribution of weight before
attempting to move it.

Having talked through the planning and preparation stage, the tutor can then move
on to the actual handling phase of the course. They should first discuss and then dem-
onstrate the handling techniques. Even though raising an object from the floor is an
ideal starting point, handlers will not always pick loads up from the floor. However, the
general principles employed in the basic floor lift are transferable to almost any load
handled at any level. It should be kept in mind that using the basic floor lift is more
demanding for the hips and knees than is the case when the handler simply bends
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FIGURE 10.2 A handler standing with the ~ FIGURE 10.3 A handler standing with the
feet hip width apart. feet hip width apart and one foot in front of
the other.

forward at the waist to raise something off the floor. However, it is considered a better
way to handle loads, particularly smaller compact loads, and to reduce overall risk.

The basic floor lift requires that the handler stands close to the load. This reduces
the need to reach towards the load or to bend forward at the waist, both of which
increase the risk of injury. The handler should stand with the feet hip width apart
(see Figure 10.2). Trying to lift a load with the feet close together puts the handler in
an unstable body position and makes them more likely to wobble as they bend their
knees. Many handlers will also find that both heels come off the floor as they bend
their knees, which will reduce stability still further. Once their feet are apart, they
should step forward with one foot, placing one foot alongside the load if it is small
enough to do so (see Figure 10.3). They will find themselves standing in a position
similar to those suggested for contact sports, such as boxing, because it offers sup-
port and stability. Their feet should be in a “ten to two” position rather than facing
fully forward. Once the feet are in the correct position, handlers should bend their
knees moderately to lower their hands to the point they wish to grasp on the load. If
the feet have been turned out slightly as suggested, they will find that their knees will
follow their feet and will not act as an obstacle between them and the load, which
would happen if their feet faced forward. The handler’s arms should remain within
the boundary formed by their legs. They should not kneel on the floor nor overbend
the knees because this will make standing up more difficult.

The load should be grasped firmly using the whole hand. Leaning over the load
slightly might make it easier to grasp; the handler does not need to be bolt upright,
they just need to maintain a reasonably straight back. As handlers are likely to look
down at the load as they grip it, they will find that the upper back will have bent
forward in line with the inclined head. Just before standing up, the handler should
raise their head and look forward. This will help to maintain an upright back. If they
find that they have to jerk-lift the object to raise it from the floor, it is too heavy for
them to move unaided. As the load is carried, it should be kept close to the body and
the heaviest side should be nearest the body. During the training session, once the
load has been raised off the floor the handlers can practice reversing the procedure
and placing it back on the floor using the same techniques. If handlers have to work
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off a higher surface, they can still employ the same techniques of getting close to the
load, feet apart, one foot in front of the other, upright posture and good grip. They
can bend their knees enough to bring them in line with the lower surface.

When pushing or pulling an object, handlers should still place their feet in the
same basic position when starting to move the load. They should remain in an upright
position, quite close to the load, and rely on their leg muscles to do the work. If they
get stuck in a pot hole when using a trolley, they should avoid jerking it free. They
should rock the trolley first to free it, or lean on the trolley with their full body weight
to move it. Any abrupt movements should be avoided.

Before the training session, the trainer should be aware of what the handlers would
move in a typical day, and objects representative of what they would move should be
built into the practical session. The trainer should have determined in advance of the
course whether they need to alter the demonstrated techniques to suit the characteristics
of the loads. For instance, if handlers are going to be faced with raising large, bulky
loads that would be difficult to pick up having bent the knees, the trainer should inform
them that it is probably more important for them to keep the load close to the body than
to bend the knees, which current research suggests is the least worst option in this situ-
ation. As a consequence, they may have to stoop. Also, female trainees who are likely
to wear skirts when working should be offered advice on how to adapt the skills shown.
For instance, wearing a skirt often limits the extent to which the female handler can
position her feet. It also makes the squatting posture a less dignified one. Female han-
dlers should be advised how to work with their feet closer together but still with one foot
as far in front of the other as the restrictions of their clothing will allow. They should
also bend their knees as far as their clothing will allow, and they should maintain an
upright head and upper body position as they lift the load. If they are severely limited
by their clothing, they should seek assistance. They should not be required to handle
anything large, heavy, or bulky if severely restricted by their clothing.

Once the trainees return to their work areas, efforts should be made to encourage
them to apply their new skills. If they fail to employ appropriate handling techniques
after their training, questions should be asked about why this is occurring. It may be
that the trainees feel they can do it faster the old way; they may be embarrassed about
their colleagues seeing them employ the new techniques; they may be rushing into
their work without thinking; and some of them may find it hard to break old habits.
The most effective way of encouraging the application of new skills is for managers
and supervisors to lead by example and to reinforce the use of suitable handling
techniques through praise.

The organization should understand that providing manual handling training
does not eliminate the risk associated with a badly designed manual handling task.
For instance, if the trainee is required to pick up an excessively heavy load, it is
unlikely that training will offer any significant protection. A review of task structure
in combination with training would be advisable.

10.5 SUMMARY

* Anyone who manually handles loads in an office environment should be
given suitable manual handling training.
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* The training should be tailored specifically to the type of handling they are
likely to perform.

*  Workers on the periphery of the main offices should be included in training
(e.g., security staff, kitchen staff, mailroom staff, cleaners).

e It is not only heavy loads that cause problems. Light loads handled
frequently, particularly using poor techniques, can also be problematic.

e Manual handling injuries can have quite a significant impact on a personal
level and on a business level.

e The back is the part of the body most commonly injured during manual
handling, but it is not the only body part that can be injured.

e Handlers can develop upper limb disorders as a result of repeated
handling.

* Injuries to the back can involve a number of parts, such as the disks, ligaments
and muscles.

* Leaning forward at the waist, holding the load at a distance from the body
and twisting are prime causes of back injuries.

¢ Hernias can result from a combination of a weakness in the stomach wall,
heavy lifting and leaning forward as the load is lifted.

* Risk assessment is the most effective way of identifying the hazards associ-
ated with a manual handling task.

* Trolleys can lessen the burden of a manual handling task. They do not elimi-
nate the manual element completely.

e The condition of a trolley affects the ease with which it can be moved.
Damaged or worn wheels increase resistance and the effort involved in
moving the trolley.

» Trolleys should be stacked properly to maintain stability.

* The wheels of a trolley should suit the weight of the load being moved and
the surface across which it moves.

* All trolley wheels do not work equally well on all surfaces.

* The size of a trolley wheel and the number present have a bearing on how
easy the trolley is to move.

*  Whether the trolley wheels rotate at the front or rear influences how easy it is
to steer.

* An individual moving a trolley on a slope should stand uphill of it.

* Trolleys regularly used on slopes should be fitted with brakes.

» Using vertical trolley handles allows individuals to choose a point to grip
that suits them.

* Horizontal trolley handles are best for maneuvering trolleys in confined
spaces.

* Trolley handles with a diameter of 25-40 mm and covered with insulating
material are recommended.

* There should be sufficient clearance for the handler’s hands when they push
a trolley through a doorway.

 Ideally, trolleys should be pushed in front of the body using two hands.

* The handler should be able to see over the trolley.
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* The effort involved in starting the movement of the trolley and keeping it
moving should be measured to ensure it is not excessive.

* Loads being carried should be held close to the body.

* Handlers should move their feet in the direction of movement to avoid
twisting.

* Loads that are heavy or awkward should be presented between knuckle and
elbow height.

* Moving loads through large vertical distances should be avoided. Loads
should be placed on a waist-height halfway point if being moved from a
high point to a low point or vice versa.

* Sudden movement of the load increases the risk of injury.

* The handler’s ability to move loads safely is significantly reduced when they
sit down.

» Carrying loads over distances in excess of 10 m increases the risk of injury.

* Two- and three-person lifts make the handling task more awkward.

» Large, bulky or floppy loads increase the difficulty of the handling task.

* Handlers should be aware of the need to keep the heaviest side of an
asymmetric load close to them.

¢ Packaging and handholds on a load influence how easy it is to grip.

* Steps and slopes make manual handling more demanding.

» Lack of clearance around the handler increases the risk of handling.

¢ Temperature and lighting levels are important considerations in terms of
manual handling.

* Women have about two-thirds the strength capacity of men. It can diminish
further during pregnancy.

* Age influences a handler’s ability to cope with the demands of manual
handling tasks.

* Unsuitable clothing and footwear can increase the risk of a handling
operation.

* Training should include a practical session where trainees move loads
typical of what they would handle at work.

¢ Trainees should learn the basic lift: feet hip width apart, one foot in front of
the other, moderately bend the knees, straight back, head up, grip firmly, stand
up smoothly.

* Managers, supervisors and team leaders should lead by example and employ
suitable handling techniques at all times.



’l’l Work-Related Il Health

11.1  INTRODUCTION

Office workers complain commonly of a number of health problems. Typically, these
include upper limb disorders (ULDs), backache, eye fatigue, headaches and stress.
Some individuals believe that using computers virtually guarantees that they will
experience such ill health. That is not necessarily the case. Although an associa-
tion between computer work and musculoskeletal disorders of the neck and upper
limbs has been established (Gerr et al. 2002; Karlqgvist et al., 2002; Brandt et al.,
2004), the important factor is not whether people use this equipment, but under what
circumstances they use it. It is worth stressing that often it is very simple aspects of
the working environment that create quite significant pain and discomfort. However,
the positive element of this is that these simple aspects can be addressed quite easily
and can, in almost all cases, be rectified. Even if it is not possible to eliminate a
“provoking” factor identified as the cause or trigger of the difficulties experienced
by a worker, it is possible to control the impact of the adverse working conditions by
limiting an individual’s exposure to them.

11.2 UPPER LIMB DISORDERS

Upper limb disorders (ULDs), also called cumulative trauma disorders, is an umbrella
term that indicates an injury has occurred anywhere from the fingertips, along the
arm, and into the shoulder and possibly the back of the neck. These disorders are
not suffered only by individuals performing computer-based operations; they can
be experienced by any worker who is exposed to the right type of provoking factors
under the right circumstances. ULDs are part of a broader category referred to as
musculoskeletal disorders. They are soft tissue conditions that can affect muscles,
tendons, ligaments and joints. All of these body parts work together to produce a
system that is responsible for varying limb positions and limb activity. The activity
can either be static or dynamic. Static muscle activity occurs when the limb or digit
is held in a fixed position, unsupported by any surface. Dynamic muscle effort is
responsible for movement. Limb movement relies on a complex combination of static
and dynamic work on the part of the muscles.

Limbs are considered to work most efficiently when moving within a natural/
neutral or comfortable range. Over-extension of a joint, or the adoption of an irregular
posture, so that the joint moves beyond its natural range is more likely to result in
the development of a ULD if performed repeatedly or is sustained for an extended
period. Irregular wrist positions include ulnar and radial deviation and extension and
flexion of the wrist. Ulnar deviation relates to the bending of the hand at the wrist in
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FIGURE 11.1 Irregular wrist and arm positions alongside the neutral position of the hand
and wrist (Putz-Anderson 1992).

the direction of the little finger. Radial deviation relates to the bending of the hand at
the wrist in the direction of the thumb. Extension relates to bending the hand upward
at the wrist and flexion relates to bending the hand downward at the wrist. These
positions are illustrated in Figure 11.1.

Other, more gross movements of the limbs are also associated with the devel-
opment of ULDs, particularly if carried out repetitively, forcefully, or are sustained
for extended periods. These include supination, the rotation of the forearm to bring
the palm of the hand facing up; pronation, rotation of the forearm to bring the palm of
the hand facing down; abduction, moving the arm outward and away from the bodys;
and adduction, moving the arm across the midline of the body (see Figure 11.1).
Generally, everyone adopts these postures during the course of the day while talking
to others, performing tasks and so on and they experience no adverse consequences.
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The difficulty arises when individuals use these irregular postures on a frequent basis
as a standard part of their work and do so for extended, uninterrupted periods.

Some individuals experience symptoms in only one place, such as at the wrist,
while others encounter symptoms in several places. The sites at which the symptoms
are present and the type of signs and symptoms displayed allow a specific diagnosis
to be made. Typical symptoms and signs include pain, swelling, tenderness, aching
(often described as similar to toothache), and underlying discomfort. Sufferers may
also experience sensations such as tingling, “pins and needles”, a feeling of heat or
a more extreme burning sensation, numbness, or sensations described as electric
shocks. They may also find that their hands have become stiff, or weaker, making it
more difficult to carry objects. The grip might not be as strong as it once was, making
it difficult to perform certain tasks such as opening a jam jar or bottle cap. They may
find that generally their hands are less dexterous and they may occasionally experi-
ence cramps or spasms. An observer may notice that parts of the sufferer’s limbs are
swollen, or there may be a change in skin color. They may hear a crackling sound
when some areas of the limb, such as the wrist, are moved, and they may notice a
change in the ability of the sufferer to grip, move, or operate objects. The sufferers
of these conditions will find that the pain or discomfort is not transitory, in contrast
to the general aches and pains that many workers experience at some time in their
working life. The sooner individuals are assessed, given a diagnosis and treated,
the more likely it is that they will make a successful recovery. Without appropriate
intervention, some individuals may start to experience severe and chronic pain and
impairment of limb function. Ultimately, they may be left with residual disability.

It is possible for an organization to get an indication of the level of discomfort
experienced by their workforce by carrying out a discomfort survey. Figure 11.2
is a commonly used body parts discomfort questionnaire, probably based on the
original concept of Corlett and Bishop (1976). It is given to the workers who indicate
where they are experiencing discomfort by shading appropriate areas of the body.
This allows the organization to identify whether their workers are free of discomfort
or whether there are trends of discomfort that might be related to specific types of
work or specific departments. Employees can also be asked to identify on this form
what type of symptoms they are experiencing, such as pins and needles or aching,
and they can be asked to rate the extent of their discomfort on a scale of one to five
by writing the number alongside the area of concern. As it is common for symp-
toms to present themselves and to change at different times of the day, using the
questionnaire shown in Figure 11.3 will help to plot what occurs during the course
of a working day. Workers should be advised, and reminded, that the questionnaire
should be completed at predetermined intervals throughout their shift.

11.2.1  Types ofF UpPerR LiMB DISORDERS

There are a number of disorders that fall under the heading of ULDs. For some time
a few of them were used erroneously as catch-alls for any ULD in any location. For
instance, tenosynovitis and carpal tunnel syndrome were mistakenly used as general
terms to denote that an individual had an upper limb disorder, but in fact these are
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FIGURE 11.2 Body parts discomfort questionnaire.

very specific disorders located in specific sites of the upper limbs. They are diagnosed
on the basis of the location of the anatomical structure affected by symptoms.

11.2.1.1 Tenosynovitis

This condition is centered in the wrist area and relates to an inflammation in the
lining of the synovial sheath in which a tendon is enclosed. Figure 11.4 shows the
tendons in the hand and the synovial sheaths. Tendons are the means by which
muscle attaches to bone and across which the muscle transmits forces that result in
movement of the individual bone and the limb as a whole. Under normal circum-
stances, the tendons can move smoothly within the sheath, and this is assisted by
the presence of some lubrication. The sheaths are intended to offer protection to the
tendons as they pass under ligaments or as the wrist is bent and the tendon is pressed
against the bones of the wrist.

Work that is highly repetitive, forceful and/or requires the adoption of irregular
wrist positions, as shown in Figure 11.1, is closely associated with the development
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FIGURE 11.3 Body parts discomfort questionnaire for completion at intervals throughout
the working day.

of this condition. Traumatic injury, such as injuring a wrist during a bad fall, may
predispose the individual to developing tenosynovitis.

The individual suffering from this condition is likely to experience aching in the
wrist area, which is likely to worsen with use of the wrist. It is usually accompanied by
local tenderness and swelling and sometimes weakness in the hand, often displayed
by deterioration in the ability to grip and hold objects. The sufferer is sometimes
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FIGURE 11.4 Illustration of the hand showing the tendons and synovial sheaths (Putz-
Anderson 1992).

aware of an audible creaking sound when moving the wrist, often described as
sounding like someone walking over dry snow. This is known as crepitus.

If the movement of the tendon within the sheath is restricted, the condition
is referred to as stenosing tenosynovitis. The sufferer may be aware of a clicking
or pulling sensation when trying to extend the fingers or thumb. This condition is
often associated with overuse of the wrist during work activities (Moore 1997).
De Quervain’s tenosynovitis involves the abductor pollicis longus and extensor
pollicis brevis tendons, which form the “anatomical snuffbox” or small indent clearly
visible at the base of the thumb. Prolonged or repeated effort and unaccustomed
work have been associated with the development of this condition, particularly when
forceful gripping is combined with deviation of the wrist. Heavy reliance on the use
of the thumb when completing an activity is also highlighted as precipitating the
onset of this disorder, more so if the gripping action requires the thumb to be moved
away from the main body of the hand, such as when spanning a large object with the
fingers and thumb or using a tool like scissors. If the tendons of the finger flexors are
compromised through overuse, the individual will be diagnosed as suffering from
trigger finger. The finger flexors are responsible for closing the fingers to bring the
fingertips in contact with the palm. If the tendon sheath becomes swollen, the tendon
will not be able to move smoothly and will only be able to make jerky movements.
This condition is often associated with overuse of the fingers and with repetitive or
extended gripping of an object with a hard or sharp edge.

11.2.1.2 Carpal Tunnel Syndrome

The carpal tunnel is formed by eight small carpal bones in the wrist and the flexor
retinaculum (also referred to as the carpal ligament). The finger flexor tendons travel
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FIGURE 11.5 TIllustration showing the location of the median nerve (Putz-Anderson 1992).

from the forearm and pass under the carpal ligament and through this tunnel inside
their synovial sheaths alongside the median nerve before inserting into the fingers
(see Figure 11.5). The median nerve provides sensation to the thumb, middle finger,
index finger, part of the ring finger and a major proportion of the palm.

Carpal tunnel syndrome results from compression of the median nerve. This can
occur if there is swelling and irritation within the confines of the carpal tunnel, which
can be a consequence of tenosynovitis. Forceful gripping, irregular wrist postures,
and vibration are associated with the development of carpal tunnel syndrome. It has
also been connected with rapid finger movements (Bridger 2003). Typical symptoms
include numbness and tingling, especially in the areas of the hand served by the
median nerve. It is not uncommon for sufferers to wake during the night experienc-
ing these symptoms. The hand may experience a loss of sensation and weakness,
which may make the sufferer appear to be more clumsy than usual. Pregnant women
and women who use oral contraceptives are also known to be predisposed to this
condition, and it can coexist with other disorders such as diabetes and arthritis.

11.2.1.3 Dupuytren’s Contracture

Dupuytren’s contracture results from a thickening of the fibrous tissue on the palm
of the hand, referred to as the palmar fascia. As the thickening progresses, it is
accompanied by bending of the ring and little fingers, usually more prominent in
the little finger. This is usually permanent unless there is surgical intervention. The
condition is painless and tends to be more inconvenient than anything else, because
the sufferer may find that their fingers become a hindrance as they try to put their
hands in their pockets or if they try to wear gloves. Although this condition can
be congenital and therefore not work-related, an association has been established
with repeated minor trauma to the hand, such as if banging envelopes in a sorting
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machine flat with the palm, specific injury such as cutting the palm with a knife or
scissors and the use of vibrating tools.

11.2.1.4 Vibration White Finger

As its name suggests, vibration white finger (VWF) is associated with the use of
vibrating equipment. Although it might be assumed that this is unlikely to occur
within an office environment, some commercial organizations use machinery that
vibrates, such as sorting machines or letter opening machines. The disorder is caused
by an impairment of blood circulation in the fingers. The symptoms typical of VWF
include blanching of the fingers, and this is usually accompanied by numbness,
tingling and the fingers feeling cold. Once the blood flow is restored the fingers
become red, throbbing and painful, after initially appearing bluish. The blue or
purple color may become more long-lasting if the condition worsens. As time pro-
gresses, more of the hand becomes involved and the attacks become more frequent.
Coordination can be impaired, as can dexterity. In some very rare and extreme cases,
VWF has led to gangrene in the digits.

Some office workers may suffer from another condition that results in similar
symptoms, such as a change in color in the hands and pain in the fingers. This is
Raynaud’s phenomenon, a constitutional disorder usually experienced in both hands.
The symptoms are most often provoked in cold conditions, particularly in winter.

11.2.1.5 Ganglion

A ganglion is a fluid-filled cyst, usually found around a joint or tendon sheath, often on
the back of the hand or wrist. The fluid is synovial fluid, and the cyst is usually about
the size of a pea but can get bigger. Although there is no generally accepted association
between working conditions and the appearance of ganglion, most ergonomists would
probably agree that their presence in large numbers amongst a workforce suggests that
the workers are exposed to inappropriate working conditions.

11.2.1.6  Epicondylitis

A more everyday term for epicondylitis is tennis elbow, or golfer’s elbow, depending
on which side of the elbow is affected. Lateral epicondylitis (tennis elbow) affects the
side of the elbow that lies directly in line with the thumb when the palm of the hand
is facing upward. It occurs when the epicondyle, which is the point of origin for the
wrist and finger extensors, becomes inflamed. Overuse of the muscles responsible
for extending the hand and fingers may cause pain at their point of origin, and this
pain can radiate down the arm. It is generally accepted that repeated forceful move-
ments of the wrist and forearm, such as wrist extension and rotation of the forearm,
are likely to contribute to the development of this condition. Forceful throwing and
heavy lifting, particularly when the back of the hand is facing up, are also thought to
be linked with this condition.

Medial epicondylitis, or golfer’s elbow, is not as common. It results from irrita-
tion at the point of origin of the flexor muscles, which bend the hand downward at
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the wrist, on the inside of the elbow and is usually associated with repeated flexing
of the wrist and rotation of the forearm.

11.2.1.7 Tendinitis

According to Hagberg (2000), tendinitis is the second most common disorder in the
working population. This inflammation can affect any tendon in the body. Depend-
ing on the tendon affected, movement can become limited. Humeral or rotator cuff
tendinitis affects the tendons associated with the muscles that rotate the arm at the
shoulder and move the arm away from the body. The sufferer experiences aching
around the shoulder which can be triggered by lying on the affected shoulder during
sleep. Forceful work and repetitive operations have been associated with the devel-
opment of this condition (Violante et al. 2000), as has working with the arms raised
in excess of 60° above the shoulder.

11.2.1.8 Frozen Shoulder

Sufferers from frozen shoulder start by experiencing a gradual onset of stiffness,
accompanied by shoulder pain that is more prominent at night. Ultimately, they
experience significant restriction in all shoulder movements. This results from the
inflammation in or degeneration of the shoulder joint tissue. Overhead work that is
repeated or sustained for extended periods is believed to contribute to this condition.
It can also occur spontaneously without any identifiable provocation.

11.2.1.9 Thoracic Outlet Syndrome

Thoracic outlet syndrome occurs when the nerves and blood vessels between the
neck and the shoulder are compressed. The sufferer experiences symptoms such as
pain in the underside of the arm and numbness in the fingers. Working with the arms
raised or working with the shoulders pulled back and downward, such as carrying
a suitcase, are associated with the development of this condition. It is believed that
repeatedly bearing loads directly on the shoulders or suspending weights from the
shoulders, such as carrying a laptop in a case using a shoulder strap, will increase the
likelihood of developing this condition.

11.2.1.10  Cervical Spondylosis

Cervical spondylosis is a condition affecting the neck and spine. It results from
degeneration of the disks or intervertebral joints, which can irritate the nerve roots
in the cervical spine. The sufferer experiences pain in the neck and shoulder. It has
been associated with age, but also with tasks that require people to carry heavy loads
on their shoulders.

11.2.1.11 Osteoarthritis

The more accurate term for osteoarthritis is “osteoarthrosis.” It is a degenerative
condition affecting the articular cartilages of the synovial joints. It occurs in con-
junction with changes in surrounding bone and can be sited at any articulating joint.
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It is more likely to occur in a joint that has been subject to long-term stress. Typical
symptoms include stiffness, aching on movement, and restriction in movement. Pain
can radiate from the neck into the arms. Sometimes a grating sound can be heard on
moving the joint.

11.2.2 Causes oF UpPer LiMB DISORDERS

Although it is generally accepted that workplace factors can cause or contribute to
the development of ULDs, non-work-related factors can also be the source of these
conditions. Non-work-related factors can also aggravate the conditions once they
have surfaced. For that reason, once an individual reports experiencing symptoms
that suggest a ULD, inquiries need to be made about life outside of work as opposed
to focusing solely on the activities performed in work. However, having accepted that
non work-related-factors can be connected with the development of ULDs in some
circumstances, it has to be recognized that it is unusual for people to spend as much
time on leisure pursuits as they do on work activities. In addition, when someone is
playing the piano or sewing or carrying out a do-it-yourself task at home, they can
stop whenever they feel the need for a break, for as long as they wish, which is in
stark contrast to working environments, where people usually have to continue work-
ing until they are permitted to take a scheduled rest break of predetermined length.

When considering the causes of ULDs, we can divide them into two main
categories: the main causative factors and the contributory factors. The main causative
factors are repetition, awkward posture, static muscle work, force and duration of the
activity. Exposure to any or all of these factors does not guarantee that an individual
will develop a ULD. Usually the causative factors need to be combined with other
contributory factors, such as lack of rest breaks, lack of task variety, and extended
working periods, to result in the development of a disorder.

11.2.2.1 Repetition

When individuals perform a task, they rely on their muscles to move, support, and
stabilize them. If the work involves the same sequence of tasks repeated in rapid suc-
cession over an extended period, the task can be referred to as repetitive. If the task is
repetitive, then the muscle groups responsible for assisting the individual to complete
the task will be used in the same manner repeatedly. If the work is rapid or repeated
over an extended period without interruption, the muscle groups will not be able to
recover fully from the work and will be subject to fatigue. Repeatedly overloading
the muscle groups in this way can lead to inflammation and degeneration of the soft
tissue. If people are working at a very rapid rate or performing work where they
have to accelerate their movements, they will be employing high muscle forces. The
application of force can also increase the rate at which the muscles fatigue.

Some work is carried out at such a rapid rate that it is categorized as highly repet-
itive. A task can be identified, using Putz-Anderson’s (1992) classification, as highly
repetitive if it has a cycle time of 30 seconds or less or if 50% of the cycle involves the
same kind of fundamental cycle. An example of the latter can be found in a company
whose business involves the packing of book orders. It might take an employee one
minute to load selected books into a box ready for dispatch, which might initially
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suggest that the task is not highly repetitive. However, they might place 10 books
in the box at a rate of one book every six seconds (i.e., the fundamental cycle is
repeated every six seconds), which would result in this task being considered highly
repetitive. Individuals who perform highly repetitive tasks are at greater risk of
developing a ULD.

Keyboard and mouse work typically involve repetitive operations as keys are
depressed and as buttons on the mouse are clicked. Users tend to operate keyboards
and mice in a stereotyped manner over extended periods. Repetitive movements
during computer work have been identified as one of the risk factors for development
of musculoskeletal disorders (Jensen 2000; Karlgvist, 2002). In some operations,
such as data-entry tasks, users are encouraged to work at an even faster rate by being
offered financial incentives for inputting larger volumes of data. Many keyboard
users depress keys at a rate that does not reach 10,000 depressions per hour, which
is considered to be the point at which keyboard operators move into a higher risk
category. Data-entry operators, when offered incentives, can key in at rates ranging
from about 16,000 to 25,000 depressions per hour, which unsurprisingly moves them
into the higher risk category.

The repetitive nature of keyboard and mouse work can be altered only through
changing the speed of the operation and through changing the structure of the work
so that there is a greater variety of tasks. If these changes cannot be implemented,
then the most effective way of combating the effects of performing a repetitive task
is to use rest breaks. As a general rule, short frequent breaks are more effective at
combating fatigue than fewer longer breaks. On that basis, a five-minute break every
hour is likely to be more effective than a longer break after two or three hours of work.
Such a schedule should be offered on a consistent basis, day to day, and not just when
it suits the work demands at the time. Whenever individuals take a break, it would be
in the company’s best interest to ensure that they do not employ this time to use their
computer system for personal reasons, such as checking personal e-mails or looking
at material on the Internet. The purpose of the break is to ensure that their screen-
based work is interrupted. Arvidsson et al. (2006) showed that although air traffic
controllers did not have to use their computer system for one-third of their work-
ing shift, many of them tended to use their computers for personal reasons during
their rest times. Therefore, although it would appear that they had significant periods
of time when they did not need to operate a computer system, which sounds ideal,
they actually used the system longer than was necessary owing to their own personal
requirements, which undermined the benefits of the intended non-screen time.

11.2.2.2 Awkward Postures

The postures adopted by individuals when sitting at a desk and when operating a
keyboard and mouse play a significant part in determining whether they are likely
to encounter physical problems while they work. Constrained postures have been
specifically identified as risk factors in the development of ULDs (Karlgvist 2002).
This underlines the importance of ensuring that workstation furniture is used correctly
and that the equipment on the worksurface is laid out in a suitable arrangement. People
who work in a neutral position are less likely to encounter a ULD. An awkward
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posture is one in which a limb (or other part of the body) is used in a position outside
its optimal range. For instance, locating a mouse or keyboard too far forward on the
desk will result in the user having to extend their arm forward, and reaching in this
manner results in an awkward posture. Computer users often bend the hands up at
the wrist as they lean their wrists on the desk surface (or wristrest) and continue to
use the mouse and keyboard from that position. Some users position the mouse out
to the side so that they have to bend their hands at the wrist in the direction of the
little finger. Other users set their chairs so low relative to the desk that they have to
raise their shoulders and arms when operating the mouse and keyboard. Maintaining
these postures requires additional muscular effort because the muscles cannot work
as efficiently when the limb is working at the extremes of its range. This can result in
injury owing to the friction and compression of soft tissue.

11.2.2.3 Static Muscle Work

Static muscle work is used to hold a limb, or any other body part, in a fixed position
for an extended, uninterrupted period. During this time the muscle is tensed and
unable to relax. Blood flow to the soft tissue is restricted and there is a buildup of
metabolic waste. Muscles used in this manner tend to fatigue at a rapid rate. Some
individuals may find this surprising because “static” muscle work implies that no
movement is taking place and they may assume that when no movement occurs the
limb must be resting. It is very easy during the assessment process to overlook static
muscle work and thus its contribution to the development of a ULD, because the eye
is not naturally drawn to non-movement. It tends to be drawn to movement, which
results in work involving movement often becoming the focus for the assessment.

It takes 12 times the length of the actual activity requiring static muscle work for
the muscle groups involved to recover fully. In other words, if a keyboard operator
sits too low relative to their mouse and keyboard and raises their shoulders and
arms so they can use this equipment effectively, and maintains this position for five
minutes, it will take the muscle groups involved in generating the required posture
about one hour to recover fully. This has quite serious implications in situations
where an individual might employ static muscle work, as in this example, for the
whole working day. Gerr et al. (2002) identified static and awkward positions as
significant risk factors in the development of ULDs. Apart from ensuring that appro-
priate postures are adopted from the outset of the working day, it is also important
that people get regular opportunities to leave their workstations so that they relieve
the stresses imposed by remaining in a fixed position.

11.2.2.4 Force

The level of force generated by individuals is influenced by the postures they adopt.
If they work in irregular or awkward postures, they will use increased muscular
effort. Increased effort is also required if they have to work quickly. Engaging high
levels of force is fatiguing, and if it is a consistent feature of the work, it can lead to
injury. Apart from the fact that many computer operators adopt irregular postures
when working and depress keys at a rapid rate, many of them use excessive force
when depressing the keys. People who have received specific keyboard training, such
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as traditional secretaries, are probably in the minority in most businesses because
many people learn how to operate a keyboard by watching others or just having
a go themselves. As a consequence, they do not acquire specific keyboard skills.
Keyboards are designed to be touch-sensitive and the keys can be depressed with
minimal effort. Yet, untrained keyboard operators frequently hit the keys with exces-
sive force which will do nothing but increase the workload for the muscles con-
cerned. This is an issue that should be tackled through training, along with advising
workers how they should use a mouse. Many people grip the mouse with more force
than is required and as a result they increase the rate at which their muscles fatigue.

Forces are also applied during the manual handling of loads. Manually handling
loads can result in the development of ULDs, given the right circumstances. As the
loads increase in size and weight, more force will be required to lift them or push
and pull them. Reducing load size and weight will reduce the effort required to move
them. Reviewing the packaging used to contain a load is advisable, as this also influ-
ences the degree of force employed when moving it. If the load is contained in a large
box with no handholds, it will require more force to carry it than would be the case
if it sat in a tub with handholds on the side.

11.2.2.5 Duration of Exposure

When considering the issue of duration of exposure a review is made of not only how
many hours per day an individual might work but also how many days per week they
work. Recent studies of computer work have shown that the daily duration of com-
puter work was positively related to the risk of pain and discomfort (Juul-Kristensen
et al. 2004). The longer people use a computer, the more likely they are to develop a
ULD (Gerr et al. 2002). This probably results from the fact that many ULDs are con-
sidered to be cumulative in nature and the longer an individual spends performing a
task that is hazardous in some way, the more likely they are to encounter difficulties.
Working for longer periods is always accompanied by shorter periods of time being
available for rest and recovery. This has implications whenever a business relies on
employees working overtime.

The discussion of duration of exposure does not imply that minimal exposure
time will not result in the development of a ULD. If the task is extreme enough, a
short exposure time might be sufficient to result in the appearance of symptoms. For
instance, requiring a secretary to stand in for an absent data-entry operator on one
or two occasions may be sufficient to trigger the onset of a disorder, given the nature
of data entry and the fact that the secretary has not been given a period in which to
adjust to the demands of the job. This is also true for people returning to work after
an extended leave. Attempting to pick up where they left off prior to their leave may
result in them developing symptoms of a disorder within a very short time.

11.2.2.6 Other Contributory Factors

The importance of rest breaks and changes in activity has been dealt with several
times throughout this book. In particular, their importance must be emphasized in
relation to avoiding ULDs. People who repeat the same type of activity for extended
periods without interruption are more susceptible to developing a ULD than those
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who have variety in their work and who are able to take regular short breaks. Main-
taining a consistent pattern of work and minimizing peaks and troughs is also
recommended so that workers are not exposed to conditions that exceed their level
of task fitness, making them more susceptible to injury.

Lack of training and suitable supervision can also contribute to the development
of ULDs. Workers cannot be assumed to know how to work safely unless some-
one has taken the trouble to point out the risks and how to avoid them. Once they
have received the training that allows them to do their work safely, they need to be
monitored by competent supervisors to ensure that they employ appropriate work-
ing practices at all times, including periods when they are under pressure to get an
assignment completed.

Working in cold environments or being in contact with cold surfaces is known
to increase the possibility of an individual developing a ULD. Although it is unlikely
that office workers will work in an environment with low temperatures, they may
come in contact with cold surfaces. This can occur if their desks are constructed
of materials that do not warm up during the day. For example, placing aluminum
edging on desks can result in workers’ forearms coming in contact with the cold
surface and heat exchange occurring. Some people work in very old offices with
poor heating and drafty windows, which results in localized cold spots in the office.
Working consistently in this type of environment could increase the likelihood of
them developing a ULD if they perform a task that is inherently hazardous.

Finally, vibration is a key contributor in the development of ULDs. However, few
people work in an office environment with vibrating equipment or who are otherwise
exposed to vibration. Nonetheless, some commercial businesses use large pieces of
equipment at their sites, for instance to open envelopes, to process cheques or forms,
or for certain reprographics processes. All of these can be sources of vibration.

11.2.2.7 Psychosocial Factors

The context in which work is done and the content of the work have an impact on
the individual’s psychological response to it. The context of work relates to the social
aspect of the workplace and the relationships prevalent in the environment between
workers on the same level within the hierarchy and between different levels of the
hierarchy. The content of the work relates to matters such as the control individuals
feel they have over how they do their work, whether it is challenging enough or too
challenging, whether they feel they can apply all of the skills they have developed,
how much variety they have in their work, and so on. It is believed that an individual’s
psychological response to their working conditions will be significant in determining
whether they develop ULDs when exposed to physical working conditions that are
problematic. To limit the likelihood of someone developing a ULD, it is necessary to
focus not only on physiological aspects, such as posture and speed of operation, but
also on psychosocial elements.

11.2.2.8 Extra-Organizational Factors

There are certain leisure pursuits and hobbies that could be identified as triggers
in the development of ULDs, assuming they are performed frequently enough and
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for periods of sufficient length. Playing musical instruments, knitting, bell-ringing,
computer games and more recently texting on mobile phones have been implicated in
the development of these conditions. Racquet sports in particular are highlighted as
being problematic. Given the number of people who visit the gym on a regular basis
and their propensity to work out without guidance and ongoing monitoring from
qualified, informed staff, there must be a question mark over whether any upper limb
injury could actually be caused by or aggravated by inappropriate practices at the
gym. There are also personal factors such as previous injuries and illnesses that can
predispose an individual to developing a disorder.

11.3 RESPONDING TO ULDS

The best response to complaints suggestive of a ULD is an immediate one. As ULDs
tend to get progressively worse, the sooner action is taken, the more likely it is that
the individual will recover successfully. To assist the rapid response, it is important
that people who are experiencing symptoms recognize their implications and realize
that they need to report them formally to their manager or supervisor so that action
can be taken. This can only occur if workers have been warned about the risks asso-
ciated with their work and the symptoms they may encounter. It is also only likely
to occur if sufferers feel comfortable about starting the ball rolling by reporting they
are having problems. If they feel intimidated in any way or fear the loss of their jobs
or potential for promotion, they may not report their symptoms, thereby allowing the
condition to worsen. Once they report their difficulties, their point of contact must
appreciate the urgency of what they are being told and must respond accordingly. To
that end, supervisors also need the right type of training and awareness.

It would benefit the managers to have a clear diagnosis as soon as possible so they
know exactly what action to take. This may require referral to a specialist rather than
relying on the sufferer’s own doctor to provide an accurate diagnosis and regime of
treatment during the allotted five- or ten-minute appointment slot at their local clinic.
There may be no connection between the condition and the workplace. However, if
there is, it would be useful for the organization to be advised by the physician on how
to respond. For example, organizations need to know whether the injured party can
continue to work, and if so, whether they can continue with it in the present form.
They need to know if the sufferer should work only for short periods, or perhaps
not be working at all. The difficulty of seeking advice from the injured party’s own
doctor is that the doctor will have based the diagnosis and subsequent advice on the
work history provided by the employee. Doctors may misinterpret what they are told,
especially if they have had no hands-on experience of that type of environment, or
employees may provide a rather biased view of the work they perform; and on that
basis the doctor may suggest an overly cautious regime of rehabilitation. Any physi-
cian being asked to provide advice on how best to treat injured workers should be pro-
vided with an accurate account of the work they perform. In other words, the business
should state in clear terms exactly what the individual’s work entails and specifically
ask the physician whether there are aspects of it that should be limited or avoided.

It is not uncommon for an individual who is suffering from a ULD to be given
leave from work for a few weeks or months to rest the limb. Once people return to
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work, they should not be expected to pick up where they left off as if nothing had
happened to them. Apart from the fact that they are recovering from an injury, their
absence will also have resulted in a decrease in their task fitness. It should be kept
in mind that during the absence they may have undergone surgery on a limb or may
have had injections into the limb in an attempt to resolve the condition. Anything
other than a gradual reintroduction to the work regime could result in a reappearance
of the symptoms. In addition, a return to the same unchanged working conditions is
likely to prompt a resurgence of symptoms if those conditions prompted the appear-
ance of symptoms in the first instance.

It was stated at the outset of this chapter that often it is very simple aspects of the
working environment that are the likely causes of ULDs. In most cases these prob-
lematic features can be identified easily and this can be done as part of a standard
process of risk assessment. This system of risk assessment should identify potential
problem areas before they actually become full-blown problems. Regardless of how
proactive a company might be, it is unlikely that ULDs in the workplace will be
eliminated altogether. However, it is possible to reduce them significantly through
relatively simple measures.

11.4 BACKACHE

The issue of backache has been dealt with several times in this book in the chapters
relating to posture, workstation design and manual handling. Office workers frequently
complain about backache, usually in the lower back or lumbar region. Their pain can
usually be connected with the adoption and maintenance of poor working postures and
sitting for long periods without leaving their workstations. Back pain can also be con-
nected with poor workstation design, particularly poor chair design that does not allow
users to adjust their chairs so that they have fully supported backs, and poor use of the
chair which is usually a result of a lack of training and follow-up support by managers
who should encourage proper use of the equipment. Finally, the manual handling of
loads can not be overlooked as a source of backache when office workers perform
significant amounts of handling, often done without any appropriate training.

The only successful means of combating back pain in the office is to provide users
with suitable seating and train them in how to adopt appropriate postures when work-
ing. This needs to be done in conjunction with permitting computer users to leave
their workstations at regular intervals so they can walk around. This does not have to
be “non-value-added” time. Companies can arrange the work so that when individuals
leave their seats they are walking to a shared printer, collecting files stored in a sepa-
rate room, using the photocopier, collecting their own mail from a communal in-tray
at a distance from their desks, and so on. In addition, if office workers are required to
handle any loads, they need to be given the training to do so safely; this training needs
to focus on the typical loads they handle during the course of their work.

11.5 VISUAL FATIGUE

The term “visual fatigue” is a far better descriptor of what is occurring when an
individual is working than the term “eyestrain”. The term “eyestrain” suggests that
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the eyes have become damaged in some way, but the reality is that the eyes are more
likely to be tired from the effort of trying to see. The symptoms of visual fatigue
are typically short-lived and reversible, and reversing them is reliant on steps being
taken to tackle provoking factors in the workplace.

Typical symptoms of eye fatigue include redness of the eyes, itching in the eyes,
blurred vision, double vision, aching around the eyes, watering eyes, headaches and
sometimes nausea. The symptoms are considered to be caused by overuse of the
muscles around the eyes which are responsible for positioning and controlling the
eye as people read the screen, look at the keyboard and refer to documents. If an
individual works for long periods without interruption, the muscles of the eye become
fatigued like any other muscle in the body. The main causes of visual fatigue are
poor screen positioning relative to overhead lights and windows, glare, inappropriate
viewing distances, badly designed screen displays with characters that are difficult to
read, unsuitable environmental conditions that result in dry air, extended screen work
without interruption and intense concentration. When people work for long periods
and are concentrating on their work without interruption, they tend to stop blinking
or do not blink as frequently. Blinking is a reflex action that should occur every two to
ten seconds. The purpose of blinking is to remove debris from the surface of the eye,
such as dust particles, and to moisten the eye. Once an individual starts to concentrate
on their work, their blink rate drops and their eyes start to dry; this is accompanied by
a buildup of dust particles which makes the eye feel uncomfortable.

The eyes, and more particularly the muscles responsible for controlling the eyes,
are like any other part of the body in that they benefit from a change in work pattern.
This is a further reason why computer users should take regular breaks away from
their screen-based work so that their eyes can have a rest. Their eyes will then be
able to focus on objects at different distances around the office rather than staring
at the screen at a fixed distance for extended periods. If people are unable to stop
their screen-based work they should, at the very least, look away from the screen at
regular intervals and focus on objects at varying distances away from their seated
position. In addition to allowing the eyes a change in activity, they will revert to a
more normal pattern of blinking.

If the environment is rather dry, the organization needs to think about changing
the humidity level to avoid unnecessary eye irritation. Usually contact lens wearers
are the first to detect that a workplace is quite dry. Normally, their lenses sit on the
fluid surrounding the eyes and appear to “float” into position as they move their
eyes. If the environment is rather dry, the surface of the eye may become drier,
resulting in the lens coming in contact with the surface of the eye and feeling like
it is scratching it. It is not uncommon for contact lens wearers to abandon their
lenses when at work and revert to wearing glasses because their eyes become too
uncomfortable otherwise.

11.6  STRESS

Stress is a psychological condition that results from a perceived mismatch between
the demands placed on an individual and their ability to meet those demands. It is an
adverse reaction resulting from people’s perception that excessive pressures are being
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placed on them. In these circumstances the demands being placed on the individual
have moved from being challenges to being burdens. People who are subjected to
prolonged or intense stress can experience ill health as a result. In addition to anxiety
and depression, they can suffer heart disease, back pain and gastrointestinal prob-
lems. The situation will not be helped by the fact that they may resort to “coping”
strategies that may include smoking and drinking alcohol, missing meals or taking
drugs. This response does not happen in a vacuum in the organization. One person
experiencing high levels of stress can have an impact on staff morale generally,
which can change the performance levels of others. In addition, individuals subject
to stress may be absent from work regularly, causing an increased workload for their
colleagues, and they may subsequently choose to leave the organization which has
financial implications for the business in terms of replacing them.

Stress needs to be tackled like all other work-related illnesses by an open-door pol-
icy whereby sufferers feel comfortable about reporting their predicament. In addition,
a process of risk assessment should identify whether there are any factors in the work-
place that are likely to contribute to the development of work-related stress. Factors most
closely associated with the development of stress include the individual’s role within the
organization and whether it is clearly defined. People may experience role conflict,
in which they face conflicting job requirements or have to perform work they do not
want to do, and role ambiguity, in which they are unsure of what is required of them at
work in terms of their responsibilities, the scope of their work or their objectives. The
demands placed on the individual may not be evenly matched with their capabilities.
For instance, workers may be expected to achieve a great deal but may not be given
the resources to do so—a situation called quantitative overload. Qualitative overload,
on the other hand, involves expecting employees to complete work that is beyond them
as a result of lack of training, lack of knowledge, an inferior intellectual ability or
because it is too difficult irrespective of their own resources. Overloading people may
result in them working longer hours to compensate for failing to achieve their targets,
but this can lead to additional health problems as well as social problems outside of
work. Underloading can have just as negative an effect on the workforce as overloading
because doing a boring, unchallenging job will become unsatisfying.

The degree of control employees have over how they carry out their work is
linked to stress conditions. Employees who are actively encouraged to contribute
to decision making and work planning have higher levels of satisfaction and self-
esteem than those who do not.

How changes in the workplace are introduced and managed is also a potential
risk factor in the development of stress. Employees often feel anxious about their
long-term position within the organization when it changes and need reassurance
and an understanding of why the organization has changed and what it is trying
to achieve. The type of support they receive from their employer in terms of job-
specific support and more personal support is also an important factor, as is the
organization’s own approach and response to stress. This is also the case with regard
to the individual’s relationships with co-workers. In this context, the organization
needs to review its position on bullying and harassment.
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11.7 SUMMARY

* Although there is an association between computer work and conditions
affecting the neck and upper limbs, the important factor is not that com-
puter equipment is used, but rather how it is used.

* Limbs work most efficiently when moving within a comfortable range.

* Opver-extension of a joint or adoption of an irregular posture is likely to
result in a ULD if performed repeatedly or for a sustained period.

e ULDs can occur anywhere from the fingertip, along the arm, into the
shoulder and the back of the neck.

* Typical symptoms of a ULD include pain, aching, swelling, pins and needles,
tingling, tenderness, feelings of heat, loss of grip strength and clumsiness.

* The sooner ULD sufferers receive treatment, the more likely they are to
make a successful recovery.

* Without intervention a ULD sufferer may experience impairment of limb
function and may be left with a residual disability.

» Tenosynovitis is a condition affecting the wrist area. Highly repetitive, force-
ful and/or irregular wrist positions are associated with its onset. Symptoms
include aching, tenderness, swelling, reduced grip strength and audible
creaking on movement.

* Stenosing tenosynovitis is associated with overuse of the wrist and causes a
clicking or pulling sensation on extension of the fingers or thumb.

* De Quervain’s tenosynovitis is associated with prolonged or repeated effort,
unaccustomed work, forceful gripping combined with deviation of the wrist
and heavy reliance on the use of the thumb.

e Trigger finger is caused by overuse of the finger flexors and is associated
with repeated or sustained gripping of an object with a hard or sharp edge.

e Carpal tunnel syndrome results from compression of the median nerve.
Forceful gripping, irregular wrist postures and vibration are associated
with its development. Typical symptoms include numbness and tingling in
the hand and night waking.

* Dupuytren’s contracture is congenital in some cases but is also associated
with repeated minor trauma or injury to the hand. It causes the ring and
little fingers to bend toward the palm.

* Vibration white finger is associated with the use of vibrating equipment. It
is caused by impairment of the blood circulation to the fingers, and symp-
toms include blanching of the fingers, numbness, tingling, and feelings of
cold in the fingers.

* Ganglion has no generally accepted associations, but its widespread occur-
rence suggests unsuitable working conditions.

» Epicondylitis results from overuse of the muscles that bend the hand up or
down at the wrist. Forearm rotation and forceful movements of the wrist
and forearm are also likely contributors.

» Tendinitis is associated with forceful work and repetitive operations as well
as with working with raised arms. It causes aching around the shoulder and
limitation of movement.
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* A frozen shoulder can result from repeated sustained overhead work and
results in a gradual onset of pain, which is more prominent at night, and
restriction of movement.

* Thoracic outlet syndrome results in pain on the underside of the arm and
numbness in the fingers. It is associated with working with the arms raised,
working with the shoulders pulled back and down and with repeatedly bear-
ing loads on the shoulders.

* Cervical spondylosis affects the neck and spine, causing pain in the neck
and shoulders. It is associated with age and tasks requiring heavy loads to
be carried on the shoulders.

e Osteoarthritis causes stiffness, aching, and restriction of movement. It
occurs most often in joints that are subject to long-term stress.

* Non-work-related factors as well as work-related factors can result in ULDs.

* The main causes of ULDs are repetition, awkward posture, static muscle
work, force and duration of activity.

e Other contributory factors in the development of ULDs include lack of rest
breaks, lack of task variety, inconsistent work rate, lack of training and
supervision, working in cold environments and vibration.

¢ Psychological factors are considered to be associated with the devel-
opment of ULDs.

e Clear guidance on what a sufferer can do on returning to work follow-
ing an absence resulting from ULDs should be sought from the treating
physician.

e On return to work after an absence, a sufferer should not be expected to
pick up where they left off.

* Backache can be related to the adoption and maintenance of poor working
postures, poor workstation design, lack of training and manual handling.

* Backache can be avoided by using suitable workstation furniture, using it
correctly and leaving the workstation at regular intervals. Appropriate man-
ual handing training should also be provided where required.

* Visual fatigue results from the effort of trying to see.

* Symptoms of visual fatigue include redness of the eyes, itching in the
eyes, double vision, blurred vision, aching eyes, watering eyes, headaches
and nausea.

* The main causes of visual fatigue are poor screen position relative to over-
head lights and windows, glare, inappropriate viewing distances, badly
designed screen displays, unsuitable environmental conditions and extended
screen work.

» Stress results from mismatches between the demands placed on individuals
and their ability to meet those demands.

* Prolonged stress can lead to anxiety, depression, heart disease, back pain
and gastrointestinal problems.

* One person experiencing stress may affect the morale of other members
of the workforce.

* Stress is closely associated with role ambiguity, role conflict, excessive
demands, a gap between demands and capabilities, lack of autonomy, isolation
from the process of change and social interaction within the workplace.



12 Disability

12.1 INTRODUCTION

The starting point for this chapter has to be a definition of what constitutes a dis-
ability. A disability is a physical or cognitive impairment that has a significant and
ongoing negative impact on an individual’s ability to perform standard everyday
activities that would normally be carried out frequently. Physical impairments relate
to problems with mobility, manual dexterity, coordination of movement, ability to lift
and carry items, and sensory impairments that affect hearing and vision. Cognitive
impairments relate to problems with memory, concentration, comprehension and per-
ception. Impairments can be congenital (present at birth) or can result from aging,
injury or disease.

Disabilities take very diverse forms. Despite that, an employer should be able
to provide a working environment that is as appropriate to the needs of the disabled
person as it would be for someone without a disability. This is not necessarily an
easy or straightforward process. It requires an appreciation of the limitations that a
disability brings, as well as developing a knowledge of what specialized equipment
or systems are available to reduce the impact of the disability.

This chapter will offer some advice on what disabled individuals need to enable
them to do their work as safely and comfortably as possible. It will not provide
a breakdown of every adjustment that should already be in hand to accommodate
them, such as lower-level light switches, handrails, accessible washroom facilities,
suitable parking arrangements and so on. It simply focuses on assistive and adaptive
technologies that enable a disabled person to work. Assistive technologies are
products or equipment that can increase, maintain or improve the functional abili-
ties of a disabled person. Adaptive technology is any hardware or software created
or modified to enable a disabled person to use a computer system. The use of these
technologies is intended to increase disabled people’s access to work.

To be able to respond appropriately to specific individual needs, an employer
needs to understand the impact of each type of impairment on the work to be done.
People with reduced strength, coordination, mobility and control of their hands and
fingers find it difficult to manipulate and maneuver objects such as a mouse or tele-
phone handset. If their range of motion and their upper body strength is limited, they
will be unable to perform any task requiring force, such as lifting, and they will be
limited in the extent to which they can reach forward or upward. If they have difficulty
in controlling the movements of their limbs, particularly their arms, they will encoun-
ter problems in gripping, moving, and positioning objects, which has implications for
mouse use. If head movement is difficult, this will limit the extent that a person can
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position and reposition the head relative to a display or document. A hearing-impaired
person may have difficulties with verbal communication, which has implications for
meetings, briefings, training and so on. Visual impairment will obviously have an
impact on the ability to decipher printed or displayed information in documents and
screen displays. A cognitive impairment may result in an individual being unable to
comprehend information presented to them in either a written or verbal format. A
business might employ an individual who has a combination of impairments, which
makes providing a suitable working environment a more challenging task. By estab-
lishing what impairments an employee has and how they make the performance of
certain aspects of a task difficult, an employer will be able to find the solution that
will enable the disabled person to work effectively. Dealing with disabilities differs
from accommodating the non-disabled, who can usually be accommodated with an
off-the-shelf approach; an employer has to seek specific solutions for each individual
disabled person. Although disabled people will have undergone medical evaluations
that specify their level of impairment, these evaluations do not, as a rule, stray into the
area of what is required to enable people to continue working successfully.

There are some general guiding principles that employers should follow when
sourcing solutions to impairments which affect how work can be done. Any solution
they identify should increase the disabled person’s independence within the work-
place so that the work is completed more efficiently, and this, at the same time,
should increase the employee’s satisfaction. Enabling technology may allow some
disabled people for the first time to retrieve information that was once inaccessible
in books and magazines. Ensuring that the solution is in a usable format and easily
learned will allow the disabled person to complete their work effectively. It should be
compatible with any other devices in use and should be flexible enough to allow for
variants of the work to be performed. The solution should be reliable on a day-to-day
basis and should not present any foreseeable harm to the user. A degree of portability
in the solution will ensure that users have more freedom over where and how they
work, as opposed to being fixed in one location. Disabled people not only need to be
physically comfortable when using the solution, they also need to feel emotionally
comfortable using it in full view of their work colleagues. Employers should bear
in mind that many of the choices employed for their disabled employees will also
benefit the non-disabled workforce. For instance, short cuts on the keyboard will
reduce the amount of mouse and keyboard work performed by everyone.

12.2 WORKSTATION ARRANGEMENTS

Some individuals may come to work in wheelchairs. For many, these provide mobility
and offer support to the upper body and legs. Most office workers are provided with
fixed-height desks that tend to be around 720 mm in height, but wheelchair users
may find that this does not offer sufficient clearance for them to get the chairs under
the desk or to get knee clearance. As a consequence, they will have to sit at a dis-
tance from the leading edge of the desk and lean forward to reach the keyboard and
mouse. Desks around 725 to 750 mm high are likely to offer sufficient clearance if
desk arms are used, although some believe that a desk height of 800—850 mm might
be better for certain wheelchairs, particularly those fitted with joysticks. The latter
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higher levels will result in the keyboard being presented at a high level, which will
be fatiguing for the upper limbs when the keyboard is in use. Trialing desks before
purchasing them is the best way of determining whether a specific desk is suited to a
particular individual and their wheelchair. Providing a height-adjustable desk would
offer total flexibility over how the desk is set up and would cater to a wider range of
disabilities. Electrically powered height adjustment should be considered for indi-
viduals who may find it difficult to grip an adjustment handle or who may not have
sufficient strength to rotate one.

Some ambulant disabled people may find that raising a chair to set themselves
at a suitable height relative to a fixed-height desk is not a viable option because they
may have a condition that results in their legs not being reliable in terms of weight
bearing. If their feet are not in contact with the floor, when they try to stand up by
first sliding forward on the seat and placing their feet on the floor they may find that
their legs are unable to bear their weight and they may fall. In this situation, a height-
adjustable desk would allow them to lower the chair so that their feet are always
firmly in contact with the floor; then they could lower the desk to an appropriate
height relative to their sitting position.

The employee’s wheelchair should have armrests that allow access to the desk,
so foldback or removable armrests are beneficial unless the wheelchair has been
fitted with specific desk arms. If the armrests are problematic, consideration should
be given to using a keyboard tray. This should still allow for clearance of the joystick
to the left or right of the tray. Alternatively, the user could be provided with a lap
tray which is a flat surface attached to a bean bag. The bean bag rests on the thighs
and form around them, allowing the tray to be positioned horizontally so that the
keyboard can be supported on its surface.

A side-to-side knee-hole clearance 800 mm wide should be sufficient to allow the
wheelchair to be located under the desk. This may necessitate the removal of drawer
units. Ideally, there should be complete knee clearance from front to back under the
desk, which may necessitate the repositioning or removal of modesty panels. At the
very least, a minimum clearance of 600 mm is required from front to back under the
desk. A minimum clearance of 700 mm between the undersurface of the desk and
the floor is required.

The amount of space around a desk and any other areas utilized by people in
wheelchairs may need to be increased to allow for a suitably sized turning circle.
The chair will need sufficient space to be pushed back from the desk, then swiveled
to the left or right before moving forward. An unobstructed space behind the desk
of about 1000 mm is required. This should be increased to 1550 mm if two wheel-
chair users are working in the same area. If two wheelchair users are working back
to back and it is envisaged that a third wheelchair user may need to move between
them when transferring from one work area to another, the space between desks
should be 2050 mm. If a wheelchair user is working within an area where they have
to access different shelves or cupboards, such as when sorting items in a storeroom,
they should have an unobstructed floor space of 1500 x 1500 mm to turn around
between facing shelves or between the wall and facing shelves. These dimensions
should be applied in any other areas where an individual using a wheelchair might
be expected to work or socialize.
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If a wheelchair user is required to collect files and reference folders or any
other material on a regular basis, efforts should be made to locate these items close
to the employee’s working location rather than in a remote storeroom or shelf.
Repeated movement and repositioning of the wheelchair may be exhausting for some
individuals. Shelves located above the desk should be set no higher than 1150 mm
above the floor to allow a wheelchair user to access them with ease. If the user is con-
sidered ambulant disabled, the shelves above the desk can be positioned 1620 mm
above the floor. Anything that needs to be picked up or handled should be as close
as possible to the individual to avoid reaching, which may be difficult or impossible
for some.

Some wheelchair users may choose to transfer from their wheelchairs to task
chairs when working at their desks. The task chair should be completely stable
during this transfer. It should be kept in mind that many disabled users rely on the
armrests for leverage and the chair should not be liable to tip up. Chairs with a
standard five-star base may not provide enough stability and alternatives should be
considered. It is possible to purchase chairs with more than five feet on the base.

For many people, their disabilities (for instance, hearing or visual impairments)
will not have an impact on the type of seat they use while working. However, a num-
ber of other disabilities may necessitate the use of specifically selected chairs. The
chair may need to offer a greater range of adjustment or more extensive support, such
as a higher backrest or headrest. The available ranges and prices of these chairs are
vast, and some specialist advice, in conjunction with the user’s input, is advisable
when putting together a short list of possible chairs to trial. It should not be assumed
that a “special” chair will be required in all cases. Often a simple yet well designed
chair is all that is required. The important factor is that the individual responsible
for identifying possible chairs needs to understand what the disabled user needs in
terms of assistance and what constitutes good design in a chair. Once a chair has
been selected, consideration has to be given to whether footrests are required; more
sophisticated footrests may be needed that offer a larger surface area, have a greater
range of adjustment, or can be altered through a pneumatic lift or electrically powered
mechanism. The final choice should be driven by the user’s needs and capabilities.

12.3 COMPUTER WORK

The standard interface with a computer is through a keyboard and input device such
as a mouse or tracker ball that need quite precise manipulation. Many people with
disabilities cannot use these devices because their range of movement is limited or
they lack the strength required to depress the keys or click the buttons on a mouse;
or they may not be able to hold the mouse steady while they try to locate the cursor
and click the button because of uncontrolled hand movements or tremors. These
individuals need to be able to access the system using the keyboard only or by using
a specialized switch. Other users may have minimal movement capability and may
rely on on-screen keyboards that can be activated by using an optical head pointing
device or eye tracking device. Voice recognition software is another option.

Some users may be able to use only one hand to interact with their computer
system. Using a standard keyboard will result in them having to cover a large area and
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this will involve large movements of the hand and arm which will be fatiguing. Using
a compact keyboard, which is a slightly scaled-down version of a standard keyboard
similar to a laptop keyboard, requires smaller movements of the hand and arm to
reach individual keys. The dimensions are reduced by removing the numberpad and
by reducing the spacing around the function keys, rather than reducing the size of the
alpha keys, which ensures that they are not more difficult to depress or are likely to
be depressed inadvertently. The compact size of these keyboards also makes it more
likely that they will fit between the arms of a standard wheelchair. They are also
suited to the needs of individuals who depress the keys using a head pointer or mouth
stick because their smaller dimensions reduce how far the head has to be moved.
Keyboards used in this manner may need to be presented to the user at an elevated
level to reduce the need to bend their heads forward; this can be achieved by using
an articulating clamp system.

Keyboard users would normally be advised to position their hands above the
keys and almost hover as they move their fingers between keys. Some disabled
users are unable to hold their hands unsupported and may need to rest them on the
keyboard. This may result in unintended activation of the keys. Some other disabled
users may not be able to avoid pressing more than one key at a time. To avoid this, the
keyboard can be fitted with a keyguard, an inflexible plate placed over the standard
keyboard. The guard has holes that line up exactly with the keys. The user can lean
on the guard without causing inadvertent depression of keys, and the holes assist the
user to depress only single keys. Alternatively, larger keyboards can be purchased
that already have a keyguard built in, in effect presenting the keys slightly below the
surface of the keyboard and these are suited to people who find it hard to use the
standard-sized keyboard effectively. The larger area of these keyboards provides a
bigger target for some disabled users to aim for, which increases the accuracy of
their key depressions. Other keyboard types are available, such as flat keyboards
with pressure-sensitive overlays that offer a range of keyboard layouts. Overlays are
particularly useful if the user is only likely to need access to a limited number of
keys or functions. As with any other piece of equipment, some research is required
to identify the right equipment for the individual.

If a standard keyboard is used, the way it operates can be altered to make it
more usable. For instance, the use of “sticky” keys eliminates the need for several
keys to be depressed simultaneously, which is helpful for users who can only use
one finger to depress keys. Sticky keys help with the use of shift, control, and alt
keys. For instance, if a user wants to type a word beginning with a capital letter,
rather than holding down the shift key and depressing the letter to be capitalized,
the sticky key (the shift key) is pressed first and remains depressed until the letter is
depressed. Filter keys are a means of determining how long a key has to be depressed
before the letter is presented on the screen or before it is repeated. This is helpful
in situations where an individual might inadvertently lean on keys or may depress
the key a second time unintentionally because of a tremor. Mouse keys allow the
on-screen cursor to be repositioned using the keys of the numberpad only. Users who
can use only one hand but can use each of their fingers independently may benefit
from trying a chord keyboard. This contains only a few keys and relies on the user
being able to depress several keys simultaneously in musical chord fashion. Using
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predictive software can speed up typing rates for some keyboard users. They simply
type in the first few letters of a word and are provided with a choice of words from
which they select the target word. This is most effective if the user is likely to use
longer words.

A numberpad that is an integral part of the keyboard may not be useful for indi-
viduals who can use only one hand to operate the keyboard. Typically, numberpads
are presented to the right of the keyboard which will cause a left-handed user to
reach awkwardly across the body midline. Using separate numberpads is a more
flexible option.

Simply changing the settings on the mouse may make it easier to use. Ensuring
that it operates slowly and steadily will make it easier to position and use. Setting the
mouse so that it leaves a trail behind it on the screen as it moves will allow a visually
impaired person to follow its movement more easily. Changing the functions of the
mouse can also be helpful. For instance, a drag lock can be installed so that the
button on the mouse can be clicked to lock onto an item on the screen and pull it
into position without needing to hold down the button. Users simply click the button
again when they want to drop the screen item into position.

Using a standard computer mouse may not be an option for some users. There are
many alternatives available, many of which are discussed in chapter 6, and some of
these are designed specifically with the disabled user in mind. For instance, if users
have difficulty with fine motor skills such as executing small and controlled move-
ments of the fingers, they can try a large trackball. These are designed to incorporate
a large ball and two large buttons that can be operated using gross movements. These
can be also operated by the feet if users cannot operate them with their hands.

If the user is unable to use either a mouse or keyboard, a switch can be an alter-
native. This is a button that can be activated by any controlled movement of the body
and that sends a signal to the computer. When activated, this can be used to drive a
range of software packages. A user who has very limited movement can employ a
system that allows control of the computer system through eye movements. These
are referred to as eye tracking systems.

For some individuals who have physical and cognitive impairments, using
touchscreens can be more effective than using keyboards and mice. Applications
that include the use of large icons that are easier to detect and a more intuitive flow
of information can be employed. The disadvantages are that using a touchscreen is
difficult for some people with physical disabilities, as well as for people with severe
visual impairment, who may rely on receiving feedback through touch and they may
be difficult to use by people with poor literacy skills. To counter these problems,
some touchscreens can be activated by using mouth or head sticks and some can be
altered to provide audio feedback for people with visual impairment.

Voice recognition software (VRS) has been discussed in chapter 6. From the
disabled person’s point of view it offers a hands-free means of interacting with a
computer system. It is by no means an easy and intelligent exchange between the
person and the computer; it is a rather complex system that works effectively if the
right hardware is available, if users have been given the right kind of training, if they
use a suitable technique and if they are very patient. This system can even be used
satisfactorily by vision impaired people if a screen reader is used to send the dis-
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played information to a voice synthesizer. This version of VRS is referred to as a
voice in-voice out system. The difficulty with this system is that although phoneti-
cally a word may sound correct when read back to the listener, it might not be spelled
correctly on the screen. For instance, listeners will not know when they hear the
sentence “Their files are over there?” whether the words “their” and “there” have
been spelled correctly. In addition, vision-impaired users may become disoriented if
they issue a command but are unexpectedly taken to a completely different area of
the system than they had planned. Voice-out systems are often used in conjunction
with notetakers, which consist of a portable Braille keyboard made up of six keys
and a space bar or a standard QWERTY keyboard, which the visually impaired per-
son uses to make notes. These keyboards do not have screens attached. They are use-
ful when users attend meetings and need to record the proceedings. The notetaker
can be connected to a printer or a Braille embosser.

Before going down the road of using voice in-voice out systems, the visually
impaired individual might be better to try learning to touch type using a standard
keyboard. Visually impaired people can be helped during this process by being pro-
vided with specially designed stickers placed over the keys, which present the letter
on the key in a large, capitalized, bold format that is easier to decipher. These are
only to be considered aids to learning, as opposed to permanent features during
their work. There are also stick-on bumps that can be used to identify specific keys
that act as markers to guide the visually impaired person around the remainder of
the keyboard. These can be provided in a variety of sizes and colors. Large-print
keyboards with letters four times the size of standard keyboard print are also avail-
able. The keys can also be produced in a variety of color combinations, allowing the
individual to chose the combination that best suits their needs. Large keyboards are
also available with keys four times larger than standard keyboard keys.

If visually impaired users have difficulty in using the mouse accurately to locate
the on-screen cursor, they can use keyboard shortcuts, whereby a combination of
keys are depressed simultaneously to effect a result.

If visually impaired individuals are required to read printed material as part of
their work, such as files or reference folders, optical character recognition systems
can be used to scan the printed text and store it electronically to be read back to
them by a speech reader. Alternatively, text can be magnified on screen using the
appropriate software. Magnifying software can increase the size of text, icons and
menus up to 32 times. Some software is also font-smoothing, to prevent distortion as
the image is increased in size, and color-converting to present images that are easier
to decipher. Because only part of the whole image is viewable on the screen once
magnified, a larger screen is normally used with this kind of system. The system
usually presents on screen the area of interest that is identified by the location of the
mouse at the time the document is magnified so the user does not normally have to
reposition the image.

Some people with visual impairment can read a screen display as long as
some key points are followed, bearing in mind that “visual impairment” does not
necessarily mean blind. These key points follow most of the general guidance out-
lined in chapter 5 relating to screen displays, but with a few additions. For instance,
auditory support should be an integral part of the system, for example having key
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words from menus spoken as the on-screen cursor is moved over them. Having greater
control over settings will allow visually impaired users to adjust the presentation to
suit their particular needs. In some instances they may adjust font type and size so
that they can simply recognize word shapes as opposed to read words. The visually
impaired will find it particularly helpful if windows do not overlap and the use of
multiple windows is limited. Not only will this assist them to read the screen more
easily, it will also assist the screen-reading software to “find” the window position.
Making the cursor icon and on-screen cursor more visible through an increase in
size and a more distinct shape is also useful. Simplification of the language used may
also make it easier for the visually impaired to read and understand the display.

Individuals who have difficulties with communication and language or who have
learning difficulties may need to be presented with on-line information in a different
format. This also applies to users whose first language is not that of the country in
which they work. They may need the system and its accompanying vocabulary and
displays to be simplified—for instance, by finding a way of eliminating elaborate
menus. The material may need to be presented in a different way to make it easier to
follow and use. Presenting material in a different way is referred to as “repurposing’.
What is particularly helpful is the magnification of words as they are read or spoken.
This is also useful to people with visual impairment. The use of symbols or icons
instead of lengthy text is beneficial and accompanying these with screen tips that pop
up along with a choice of auditory support is likely to increase comprehension, as are
shortening sentences and removing unnecessary jargon.

12.4 GENERAL ENVIRONMENT

Consideration needs to be given to whether floor coverings are a source of risk to
wheelchair users or the ambulant disabled. Some coverings may make it more difficult
to maneuver a manually propelled wheelchair while others may become extremely
slippery if wet. An ongoing, active program of monitoring floor conditions is required
because the floor finish will change over time owing to wear and tear, the use of
cleaning products and the way floors are cleaned. For instance, if there is a spill in
a communal area such as a kitchen or foyer, it is common for the business to call
cleaners to attend the area with a mop and bucket. The cleaners erect signs that warn
that cleaning is in progress and the floor might be wet. They then take their mops to
the spill, which might be the size of a mobile phone, and methodically mop from side
to side, ultimately spreading a film of moisture over an area that may be hundreds of
times bigger than the original spill. This increases the area that could potentially be
slippery. A far more effective way of dealing with such a small spill and minimizing
the risk of slipping would be to blot the liquid up with absorbent paper.

If carpet is in place, the pile and type of underlay influence the ease with which a
wheelchair can be maneuvered. Deep-pile carpets can also create problems for people
using walking frames or canes, or who have some difficulty when walking unaided.

High-gloss finishes on floors may not necessarily cause slipping problems, but
some ambulant disabled may perceive these floors to be slippery, which may reduce
their confidence when moving about. High-gloss finishes can also create problems
in terms of glare, as can using paper with a glossy finish. Office workers who have
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impaired vision may find that they are confused by glare from work surfaces as
they try to move around the building. Glare and reflections also have an impact on
how easy it is for the hearing-impaired person to lip-read and to understand sign
language. General advice about glare and how to control it is outlined in chapter 9.
The use of colors when decorating the office should be viewed in terms of how they
can be applied to distinguish between different sections of an office, for instance, so
that the visually impaired person can distinguish the door more easily from the wall
when trying to move from one section of the building to another. Color selection is
most effective when it is done on the basis of color intensity and luminance rather
than on the basis of extremes on the colour spectrum. Visually busy patterns on
floors or walls should be avoided because they may give a visually impaired person
a distorted perception of distance.

Choosing office materials that reflect sound and ultimately lead to a noisy environ-
ment makes it difficult for a hearing impaired person to hear what is being said and
creates confusion for a visually impaired person owing to reflected sound. If, on the
other hand, materials with an extremely high absorbency value are used, this will
produce an environment that muffles sounds which can also be confusing.

12.5 SUMMARY

e A disability is a physical or cognitive impairment that has a significant or
ongoing impact on how an individual can live and work.

* Physical impairments relate to problems with mobility, manual dexterity,
coordination of movement and the ability to lift and carry items.

¢ Cognitive impairments relate to problems with memory, concentration,
comprehension and perception.

* An employer needs to understand the limitations each type of disability
brings as well as have knowledge about the specialized equipment or sys-
tems available.

* Assistive technologies are products or equipment that can increase, main-
tain or improve the functional abilities of a disabled person.

* Adaptive technology is any hardware or software created or modified to
enable a disabled person to use a computer system.

* Any solution used should increase disabled people’s independence at work,
allow them to complete their work more efficiently, increase their level of
satisfaction, be in a usable format and be easily learned. It should also be
compatible with any other devices in use, be flexible enough to cope with
variation in the work, be reliable day-to-day, not present foreseeable harm
and have a degree of portability.

* Desks should be set at a height to accommodate wheelchairs if appro-
priate.

* Desks should have sufficient undersurface clearance to accommodate the
wheelchair.

» Adjustable-height desks offer greater flexibility.

* Keyboard trays can be considered if the wheelchair user cannot get close
to the desk.



198 Office Ergonomics: Practical Applications

* The space around a desk and in any area used by a wheelchair user should
provide sufficient space for an adequate turning circle.

» Task chairs need to be selected to suit each individual, as do footrests.

* Certain disabilities may make the use of a mouse or keyboard difficult. Various
input devices and different styles of keyboard are available as alternatives.

* Standard keyboards can be adapted through software to function different
(e.g., sticky keys, filter keys and mouse keys).

» Changing mouse settings can make it easier to operate.

» Touchscreens can be effective for individuals with physical and cognitive
impairments.

» Voice recognition software offers a hands-free means of interacting with a
computer system. A screen-reader can be used to create a voice in-voice out
system. Reliance on this system for correct spelling is not recommended.

* Learning to touch-type can be a better option for some than using voice
recognition software.

* Large print on keys or large keys can assist visually impaired people to
type, as can magnification and changing the font style and size.

* Auditory support that states key words is effective.

* Simplifying systems, vocabulary and displays may assist people experiencing
difficulties with communication and language.

* Floor coverings and surfaces should not cause problems for wheelchair
users nor the ambulant disabled.

* High-gloss finishes, glare and busy patterns should be avoided on walls
and floors.

* Color choices should help to distinguish between sections of the office.

* Noisy environments cause confusion for hearing-impaired and visually
impaired people.



3 Risk Assessment

13.1 INTRODUCTION

The risk assessment process is part of a whole health and safety management system.
Assessments are a means for an organization to identify where it is in terms of
health and safety matters and they have a significant influence on the development of
health and safety strategies. A distinction should be made between safety risks and
health risks. Safety risks can lead to immediate injury, such as coming in contact
with a corrosive substance, whereas health risks may not be apparent for a long time
and may result from daily exposure to unsuitable working conditions over months or
years, as can occur in the development of upper limb disorders. The nature of this
book is such that this chapter will focus on health risks.

The purpose of a risk assessment is first to identify hazards in the working
environment. A hazard is something with the potential to cause harm. Once a hazard
is identified, the level of risk associated with that hazard is assessed. In other words,
the assessor attempts to determine how likely it is that an individual will come to
harm when exposed to those particular hazardous circumstances. The risk assess-
ment process also allows risk control measures to be identified if already in place or
recommended if not in place.

When assessors are trying to identify hazards in the workplace, some are
immediately obvious or are already well recognized so that their identification is
straightforward, and there is probably a tried and tested method for reducing risk.
However, this is not always the case and assessors have to learn about what is likely
to constitute a hazard in a given working environment. They can do this by attend-
ing specific risk assessment training courses, reading standard operating procedures
relating to the tasks, reading available guidance and advisory information, read-
ing trade association information, networking with others in similar environments,
reviewing accident and absence statistics for the business and asking outside con-
sultants to assist. They will probably identify the risk through observation and by
taking measurements, such as measuring the effort involved in pushing a trolley.

Having identified the hazards, the assessor has to assess the risk. This requires
an understanding of the task and the working practices in the area being assessed.
The assessor should determine whether the hazardous activity or situation presents
a high, medium, or low level of risk to the workforce. This will help the assessor to
prioritize how to tackle the program of intervention. Obviously, higher-risk situations
need to be tackled before low-risk situations. Some assessors may be uncomfortable
about making a judgment regarding the level of risk of an activity or situation. These
individuals may feel more comfortable using a risk matrix to identify the level of
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TABLE 13.1
Risk Matrix Used to Identify the Level of Risk
LIKELIHOOD
Very Likely 3 3 6 9
Likely 2 2 4 6
Unlikely 1 1 2 3
1 2 3
Minor Moderate Serious
Injury Injury Injury
CONSEQUENCE

risk (see Table 13.1). This is a method of ranking hazards and risks. To use this
matrix, the assessor decides what the outcome or consequence would be should a
worker come in contact with the hazard. They decide whether the individual would
encounter a minor injury, a moderate injury or a serious injury in that case. Each of
these three consequences is assigned a value: 1, 2 or 3. The assessor then decides
how likely it is that a worker will actually come to harm, given the existence of
the hazardous situation. As can be seen from Table 13.1, they can select either very
unlikely, unlikely or likely and again these are assigned a value of 1, 2 or 3.

Risk can be defined as the severity of harm combined with the likelihood of
occurrence. When the assessor cross-multiplies the preselected values in Table 13.1,
the computation results in the total score falling into one of the shaded boxes in the
matrix. The number values in these boxes, as well as the shading used, inform the
assessor that the task is either low (1-2), medium (3—4) or high risk (6-9). Many
variations of the risk matrix are used; some of these have up to ten categories to
choose from in terms of likelihood rating and consequence rating. However, they
end up with the same results. Quite often, keeping risk assessment on a simpler foot-
ing is more effective.

Having determined that the workforce is at risk, the assessor has to develop
risk reduction strategies. The first consideration should be whether the hazard can
be eliminated altogether. For instance, if the assessor identifies that lifting bottles
of water weighing 18 kg into a water dispenser is high-risk, this task could be
eliminated by providing a vending machine fed directly from the mains supply. If the
hazard cannot be eliminated, it must be controlled. In the first instance, the assessor
needs to consider using a lower-risk option, such as providing more suitable seating
with a larger range of adjustment. Alternatively, they could consider protecting the
workforce from the hazard by restricting their exposure to it. For instance, the asses-
sor may suggest that more regular rest breaks are required.

It is always helpful if the assessor records on the assessment form what con-
trol measures are already in place. This will ensure that those responsible for
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introducing risk reduction strategies are aware of what is already in place and how
effective the strategies are at reducing risk. Assessors should also record the time
scales they feel are appropriate to reducing the risks they have identified. This will
allow an appropriate timetable to be drawn up. They may also point to the individu-
als who need to be involved in the risk reduction process; for instance, they may
suggest that the training department needs to be involved because workers have not
received training in the use of their equipment.

Of course, the assessment is only part of a much larger system of controlling
risk in the workplace. The whole organization needs be aware of and involved in
the control of risks in the workplace. To that end, the organization needs a specific
policy on how they intend to tackle not only the risk assessment process but also the
control of risk. This will require cooperation among people at many levels within
an organization. For instance, if the assessor decides that some people require new
chairs, the individuals responsible for allowing expenditure should understand why
this is necessary and permit it. Everyone who has some influence on the risk assess-
ment and risk control processes should have a clear understanding of their role and
responsibilities. Each of these individuals must have a level of competence compat-
ible with what they are required to do. All of them should communicate clearly with
their colleagues about what steps they are taking and how they will affect the areas
of concern.

One of the major failings of many risk assessment processes is that the system
comes to a halt once the assessor has completed the checklist. Completion of the
assessment checklist is not an end in itself; it is just a part of the risk identifica-
tion and reduction process. There has to be a drive to put measures in place to
reduce risk. In addition, someone needs to ensure, having introduced a number of
changes, that the outcomes are satisfactory. If not, the assessor needs to reconsider
the recommendations.

Once the assessment process is complete, a review should take place at intervals
to ensure that it remains valid. It is unlikely that an office will remain unchanged for
very long. New people are recruited, new workstations are purchased or old work-
stations repositioned, new tasks are developed and changes occur in the environ-
ment. All of this should prompt a review of the assessment.

13.2 SAMPLE CHECKLISTS

The remainder of this chapter contains a series of sample checklists that can be
used during the assessment of various aspects of the working environment. They are
not intended to cover every element of a workplace that an organization should be
assessing; they relate to those areas that have been discussed generally in this book.

Table 13.2 is a checklist intended to assess the workplace for hazards that are
likely to contribute to the development of musculoskeletal disorders generally. This
includes upper limb disorders, backache, leg discomfort, and so on. This particular
checklist should only be completed by an individual who has a thorough knowledge
and understanding of what is likely to contribute to the development of such condi-
tions. The reason for this is that the checklist does not ask a series of prompt-like
questions. It is simply a record sheet to allow knowledgeable assessors to detail what
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they identify as problematic. The risk matrix described above should be used in con-
junction with this record sheet.

Table 13.3 is a specific upper limb disorder (ULD) checklist. It is intended to
assist the assessor in identifying whether there are any aspects of the work or work-
ing environment that have the potential to contribute to the development of ULDs.
Table 13.4 outlines a checklist intended to be used for a desk-based task; it assists
the assessor to identify whether any element of the workstation, work or immediate
work area is unsuitable for the individual. Table 13.5 includes a manual handling
checklist applicable to any manual handling task performed within the organiza-
tion’s building. Table 13.6 is a specific and detailed pushing and pulling checklist.
Finally, Table 13.7 contains a “tick list” of general elements to be considered during
any assessment; this is a useful tool to use during a preliminary walk-through of an
environment when a general overview is being collated.
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TABLE 13.2

A Checklist Used to Identify Hazards Likely to Contribute to the
Development of Musculoskeletal Disorders

MUSCULOSKELETAL DISORDERS
RISK ASSESSMENT RECORD SHEET

This risk assessment was undertaken by: Date:

Task/s covered by this assessment: Reference:

The potential harm from the assessed task is:

Upper Limb Disorder D Back Injury |:| Other: .....occoiiiiii

The factors that contribute to the potential harm are:

.

The people who have the potential to be harmed are:

.

|The Likelihood score for them being harmed in this way has been assessed on a scale of 1-3 to be: |

|The Consegquence score for them being harmed in this way has been assessed on a scale of 1-3 to be: |

Overall assessment of the RISK (Likelihood x Consequence) =

uon

Suggested remedies to eliminate or reduce the assessed risk: Timescale in weeks: [
|Assessor‘s estimate of residual risk following implementation of suggested remedies: L.....x C..... = RISK| |:|

Which Manager is responsible for the task or area covered by this assessment? |

| accept this assessment for action as the Manager with responsibility for the task or area assessed.

Name: Signature: Date:

| am 'signing-off' this assessment as the responsible Manager for the task or area covered by this
assessment and confirm that steps have been taken to control the significant risks identified.

Name: Signature: Date:
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TABLE 13.3A
Upper Limb Disorder Checklist

UPPER LIMB DISORDER
RISK ASSESSMENT RECORD SHEET

Assessor: | | Employee: | |
Department: | | Site: | |
Job title: | | Date: I |
Shift length:

Restbreaks:
Task
description:

CURRENT CONTROLS

Control measures already in place:

SUMMARY OF RESULTS

[Is this employee considered to be at risk?| Yes ] No [ ]

Remedial action required to reduce risk: | Actioned on: | Actioned by: | Outcome:
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TABLE 13.4A
Checklist to Assess a Desk-Based Computer Task

DISPLAY SCREEN EQUIPMENT

ASSESSMENT CHECKLIST

Assessor: | | Employee: | |
Department: | | Site: [ |
Job title: [ | Date: [ |
Shift length: | | Restbreaks: | |
Task

description:

[ Number of hours DSE used per day: | | [ Number of days DSE used per week: | |

Remedial Actions Required: Actioned on: Actioned by: Outcome:

[ Date for review of assessment: | |
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TABLE 13.4B
Checklist to Assess a Desk-Based Computer Task

Tick either the YES or NO column and provide additional comments if needed or helpful.If you make any adjustments
whilst completing the assessment record this in the “action taken by assessor” column.

DESK YES | NO | Comments: Action taken by assessor:

Is there sufficient space on the desk
surface to arrange equipment and
materials appropriately?

Can all equipment and documents
be reached easily?

Is there sufficient space at and
under the desk to allow the user to
move freely?

Are there any trailing cables under
the desk?

Is the desk in good condition?
Is the desk (and surrounding

surfaces) free of glare and
reflections?

CHAIR YES | NO | Comments: Action taken by assessor:

Does the chair have a five-star
base with castors or glides?

Does the chair swivel?

Does the chair adjust for height?

Has the user adjusted their chair
height correctly relative to the desk
and keyboard?

Does the backrest adjust for
height?

Does the backrest adjust for tilt?
Do all of the controls and adjusters
work?

Has the user demonstrated that
they know how to adjust the seat?

Can the user sit in a comfortable
position even if armrests are
present on the chair?

Has the user adopted a suitable,
fully supported working posture?

Do the user’s feet touch the floor or
footrest when seated?
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TABLE 13.4C

Checklist to Assess a Desk-Based Computer Task

SCREEN

YES

NO

Comments:

Action taken by assessor:

Does the screen swivel and tilt?

Is the screen free from reflections
and glare?

Is the image stable?
Is the screen cleaned regularly?

Does the screen have brightness
and contrast controls?

Is the user aware of how to use the
brightness and contrast controls?

Is the screen directly in front of the
user when in use?

Is the screen at a suitable height
and distance from the user?

Are the characters on the display
easy to read from the normal
seated position?

If a laptop is used is it attached to a
docking station or a separate
keyboard and mouse?

Is a document holder used in
conjunction with the screen?

Is the user considered to be
working appropriately if they are not
using a document holder?

INPUT DEVICES

YES

NO

Comments:

Action taken by assessor:

Is the keyboard separate from the
screen?

Does the keyboard have a tilt
facility?

Is the keyboard in good working
order?

Is the keyboard in an appropriate
position relative to the user?

Is there sufficient room in front of
the keyboard for the user to rest
their wrists?

Is the keyboard operated without
excessive force?
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TABLE 13.4D
Checklist to Assess a Desk-Based Computer Task

INPUT DEVICES YES| NO | Comments: Action taken by assessor:
continued...

When in use, is the mouse or other
input device close to the user?

Does the input device work at a
speed to suit the user?

Does the user know how to adjust
the settings of the input device?

Does the user take their hand off
the input device when not in use?

If appropriate has a mouse mat
been provided for use with the
mouse?

SOFTWARE YES| NO | Comments: Action taken by assessor:

Does the software system in use
allow the user to work at their own
pace?

Is the software easy to use?
Has the user received the

appropriate training to use the
software?

ENVIRONMENT YES | NO | Comments: Action taken by assessor:

Does the user feel that the lighting
is suitable for the work they do?

Is the overhead light in a suitable
position relative to the user and
screen?

Is the screen in a suitable position
relative to the window?

Have nearby windows been fitted
with blinds or curtains?

Do the blinds and curtains work
effectively?

Does the user feel that the heating
and ventilation is adequate?

Is the user satisfied with the level of
humidity?

Does the user feel that the noise
levels in their work area are
acceptable?
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TABLE 13.4E

Checklist to Assess a Desk-Based Computer Task

ORGANISATIONAL
FACTORS

YES

NO

Comments:

Action taken by assessor:

Has the user received instructions
in the use and arrangement of their
workstation furniture?

Has the user received health and
safety training in relation to their
work and workplace?

Is the user aware of who to
approach if they are experiencing
any difficulties relating to health and
safety issues?

Does the user have regular
changes in activity which break up
their DSE work?

Does the user have regular
restbreaks which break up their
DSE work?

information).

NOTES: (Use this section to discuss any user health problems as well as for additional

This assessment has been completed in the presence of the user who has agreed the contents, unless otherwise stated in the notes above.
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TABLE 13.5A
Checklist to Assess Manual Handling Operations

MANUAL HANDLING OF LOADS

ASSESSMENT CHECKLIST
Assessor: | | Employee: | |
Department: | | Site: [ |
Job title: | | Date: | |
Shift length: | | Restbreaks: | |
Task
description:
Load Frequency Carrying
weight(s): of lift: distance:

CURRENT CONTROLS

Control measures already in place include:

SUMMARY OF RESULTS

['Is this employee considered to be at risk? | Yes [ ] No [ ]

Remedial action required to reduce risk | Actioned on: Actioned by: | Outcome:
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TABLE 13.6A
Checklist to Assess Pushing and Pulling Operations

PUSHING AND PULLING OF LOADS

ASSESSMENT CHECKLIST

Assessor: | | Employee: | |
Department: | | Site: [ |
Job title: | | Date: | |
Shift length: | | Restbreaks: | |
Task
description:

Frequency Pushing
of operation: distance:

CURRENT CONTROLS

Control measures already in place include:

SUMMARY OF RESULTS

['Is this employee considered to be at risk? | Yes [ ] No [ ]

Remedial action required to reduce risk | Actioned on: Actioned by: | Outcome:
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TABLE 13.7A

A “Tick List” of General Elements to Be Considered during Any Assessment

ELEMENTS TO BE CONSIDERED
DURING ASSESSMENT

WORKSTATION DESIGN

WORK ORGANISATION

Desk features:
« Height
« Surface area
+ Cable management

Chair features:
+ Height adjustment
« Backrest height and tilt
« Five-star base
« Armrests

Sitting/standing work
Footrest

Accessories

WORK EQUIPMENT

Screen:
+ Height
« Distance

Keyboard:
« Distance
« Frequency of use

Input device:
« Distance
« Frequency of use

Laptops:
« Manner of use

« Frequency of use

Trolleys

Work rate

Duration of activity

Restbreaks:
« Timing
« Length
« Flexibility

Self-autonomy
Reward system
Overtime
Training

Supervision

TASK DESIGN

Nature of task:

« Varied

+ Repetitive

« Prolonged

« Manual handling
Force
Self or system paced

Postures

Static muscle work

Dynamic muscle work
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TABLE 13.7B
A “Tick List” of General Elements to Be Considered during Any Assessment

WORKING ENVIRONMENT THE WORKER
Temperature: Bad habits
« Air temperature
» Surrounding surfaces Training level
« Air movement
«  Humidity Skill base
« Air quality
Age
Lighting:
o Level Gender
+ Location
Health
Noise:
+ Source Experience/maturity
Vibration: Disability
« Source
Psychological issues
Floors:
« Condition
+ Levels OTHER
Space: Quality control

+ Over-head clearance
« Surrounding area
« Foot and knee clearance

Process failure

Seasonal demands




14 Case Studies

14.1 INTRODUCTION

This chapter contains a series of case studies based on actual projects carried out
at a variety of commercial premises involving computer operators. The intention of
including this chapter is to provide insight into the typical problems encountered in
many organizations and the options available to tackle them. In most cases, simple
low-cost solutions were all that was required.

14.2 CASE STUDY A

A three-story purpose-built office block housed hundreds of keyboard operators.
One floor of the office block was split into two separate departments made up of
about 60 data entry operators in total. These operators processed slips of paper that
contained information on orders placed by the public for a particular product. Each
slip of paper contained the order numbers and payment details needed for the trans-
action to take place. The operators typically used their right hand, or at least two
to three fingers of that hand, to input the details using the numberpad attached to
the keyboard, and they used their left hand to flick over each slip as they completed
entering the details, thereby revealing the next slip in the batch. They inputted data
at a rate of no less than 15,000 depressions per hour; the fastest inputters could key
in at a rate in excess of 20,000 depressions per hour. They were paid a bonus for each
additional 1000 depressions they made per hour above the standard target of 12,000.
Operators worked from 9:00 am until 5:30 pm and were permitted to take one hour
for lunch. They did not have any other formal rest breaks but were permitted to take
informal breaks at intervals to collect a drink.

These operators had used the same desks, chairs and computer equipment for
years. In fact, the equipment could be described as quite dated. The company there-
fore decided to replace all of the desks, keyboards and screens. The managers of the
two departments were asked to select the furniture they thought would be suitable
for their offices. Both managers visited a local office furniture showroom and on
the basis of a 45-minute visit they selected the desks needed for all 60 staff. This
was delivered to the site during a weekend when no one else was working. The
desks were placed in the same positions as the previous desks and the keyboards and
screens were exchanged. The old chairs were still in use.

The staff returned to work on Monday morning and were expected to start work
as normal. Within one week of the changeover, ten of the data entry operators had
reported experiencing pain in their wrists and arms. They were given sick leave

221
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within ten days of the changeover. Within two weeks of the changeover, 25 of the
operators had been signed off work by their doctors as a result of experiencing sig-
nificant pain. A high proportion of the remaining staff had also started to report
discomfort. Given the sudden drop in production resulting from the absenteeism,
this company realized it needed to deal with the matter urgently.

A full appraisal was carried out of the equipment that had been purchased, the
equipment that had been in use previously and the way in which the changeover had
been tackled. Close inspection of the old desks revealed that some of the welds on
the frames of the desks had given way, and the old desks actually swayed almost
imperceptibly when the operator keyed in. The new desks, however, were rigid. The
older desks were relatively low at 680 mm in height and the new fixed-height desks
were set at a higher level. They had a split-level surface, so that the front of the desk
was 720 mm high and the rear of the desk was 760 mm high. The desk came with an
“insert”, which was a block of wood that could be placed on the front section of the
desk, bringing the height of the front up to meet the surface at the rear. The opera-
tors believed that because these inserts had been delivered with the desks, they were
supposed to use them. The chairs previously in use were simply placed in front of the
new desks without the operators being advised, or shown, how to make adjustments
to accommodate the new working height. Finally, the new keyboard was described
by the operators as being less “bouncy” than the previous keyboard.

Ultimately, once the workplace was changed, the users suddenly had to work
with their arms raised higher than they had become accustomed to over a number
of years. The new working height presented once the insert was used would be con-
sidered too high for most keyboard operators. The chairs were not adjusted to suit
the new working height and as a result most operators sat too low relative to their
keyboards. This caused them to raise their arms when working. The new keyboard
did not bounce as they hit the keys in the same way as the previous one did. The
operators customarily employed a particularly forceful keying action when depress-
ing the keys and the new keyboards did not absorb the impact forces in the same way
as the previous keyboards. When this was combined with the more rigid desks, the
effect was similar to hitting a solid surface with the fingertips.

The sudden change in working posture brought about by new workstation
equipment and the change in tactile response when depressing the keys was com-
bined with an extremely high work rate and long periods of work without interrup-
tion. Although the data-entry operators were supposed to be able to take informal
breaks away from their workstations, it was found that the team leaders in each
department exerted a degree of subtle discouragement that ultimately kept the opera-
tors in their seats. The team leaders had targets of their own to meet and these
related to the number of paper slips processed by the workers in their teams. It was
in the team leaders’ own interest to keep the inputters working for as long as possible
without interruption.

After in-depth discussions with all of the relevant personnel in the office block,
it was decided that further changes would be made. Until these changes were intro-
duced, the bonus system was removed and rest breaks at hourly intervals were
prescribed. It was agreed that the new workstation furniture was unsuitable, and a
well-planned program was put into place to identify, source and trial both new desks



Case Studies 223

and new chairs. During the trials, the data-entry operators used the furniture and
provided feedback that assisted in pinpointing the most suitable range. Following
their introduction, the employees were given full instruction in using the new chairs
and desks and advice on the need to adopt and maintain suitable postures. During
this time, those employees who had been signed off work as a result of developing
upper limb disorders were reintroduced into the working environment through a
preplanned rehabilitation program prepared in conjunction with the occupational
health department.

After the new equipment had been introduced, it was decided that the bonus
system would not be reintroduced. The hourly breaks in activity were retained as
it was established that operators used this time to stretch their legs, visit the wash-
room and collect drinks, and overall there was no reduction in the quantity of work
completed. Although a number of the high-speed keyers did not depress the keys at
their former extremely high rates, they still maintained high speeds compared to
average keyboard operators and sustained this over longer, more consistent periods.
It did, however, transpire that the quality of the work improved, which resulted in a
reduction in re-works. The more consistent output and the more consistent level of
quality demonstrated that the operators were not experiencing the effects of fatigue
to the same extent.

14.3 CASE STUDY B

A female computer user who had been born with a damaged spinal cord reported to
her employers that she was experiencing discomfort in the left side of her neck and
between her shoulders. Because of her congenital condition, the company had made
efforts to provide the most suitable working environment for her. The employee was
quite petite at 1575 mm (5 feet 2 inches). Her condition meant that she did not have
full use of either hand. She operated her mouse with the left hand and held a pen with
her right hand, although her right hand could not be opened out. She used the little
finger on her left hand and the pen held in her right hand to operate the keyboard.
Her legs lacked stability and when she stood up it took a few moments for her to get
her balance.

A desk 720 mm in height was in use; it had a curved, L-shaped worksurface.
The main return section of the desk was positioned to the left of the user’s seated
position. A standard-height adjustable task chair was in use. Because the user was
so slight in stature, the chair could not be adjusted to a high enough level to allow
her to sit at an appropriate height relative to her keyboard. It was also too bulky for
her small frame. The dimensions of the seat were such that it was longer than her
thigh length, which made it difficult for her to sit right back in the seat. Instead, she
perched on the front of the seat, losing all support from the backrest. When operat-
ing the mouse, her left arm was elevated by the return section of the desk which, in
effect, ran under her armpit when she faced her screen and keyboard, which were
positioned in the intended area of the desk. The screen was located on top of the
hard drive, which resulted in it being too high for the user, who had to raise her
head to read the display. It was likely that working in this position was the main
cause of the neck and shoulder discomfort. Reference folders and publications were
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placed on a shelf above the rear portion of the desk. As she had to stand up and
lean forward to reach these items, there was a concern that the user might lose her
balance and fall.

Although under normal circumstances it might be recommended that a smaller
user should be provided with a chair that could be adjusted to a higher level, this
would not be appropriate in this case. Using such a chair would have resulted in
the user’s feet being off the ground. Although she could have used a footrest while
working, she would need to remove her feet from the footrest before standing up.
If her feet were not in contact with the floor as she began to stand up, the downward
movement as she slid off the front of the chair would increase the likelihood that she
would fall or lose her balance, given the lack of stability in her legs. In other words,
her legs could buckle under her as they bore her body weight.

It was determined that the user required a new workstation. She was provided
with a height-adjustable desk, and its setting was driven by the setting of the chair.
The user lowered the seat until her feet were firmly on the floor at all times and then
lowered the desk to present the keyboard at a suitable height. The surface of the
desk was not styled in such a way that it influenced the posture of her upper limbs.
The hard drive was removed from under the screen and was actually replaced by a
tower-style vertical hard drive that could remain on the desk to one side of the screen.
Locating the hard drive under the desk would have been too awkward for the user
when she was turning it on and off, and in her particular case leaning so far forward
might have caused her to fall. The screen was placed on a platform set at a height to
suit the user’s seated position.

A new chair was provided and it was found that the cheaper version of the chair
she already used had smaller dimensions. A footrest was not required because the
chair was lowered to get the user’s feet on the floor.

The reference folders were relocated to a shelf separate from the desk that pre-
sented them at about elbow height when the user was standing.

Owing to the fact that she used only one finger of her left hand to depress keys,
this digit was obviously likely to become overworked. Using a pen in the right hand
to depress keys was not considered a satisfactory arrangement either. This user was
eventually trained in the use of voice recognition software, which she then used for
the major proportion of her work. Occasional use of one finger of her left hand was
not considered problematic.

14.4 CASE STUDY C

A secretary was employed by an organization to work through the night at their
premises with a number of other “night owls” (night shift secretaries). She worked
from 8:30 pm until 3:00 am typing up dictated letters and reports that were left in
a tray for her to collect. It was not uncommon for her to work three hours overtime
several nights a week. Each piece of work had a document attached to it on which an
assessment of the time needed to complete the work had been recorded by her super-
visor, who worked on the day shift. The night owl was expected to complete the work
within that time scale. She found that she had to type almost nonstop throughout
the night to finish the work as expected. As the company maintained computer logs
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of the time taken to complete typing work and who it was assigned to, there was a
belief that about 50% to 60% of this specific night owl’s work time was taken up with
typing. On that basis, her supervisor assumed that her workload was satisfactory.

The secretary was allocated a workstation in an office separate from all of the
other night owls because there were insufficient workstations for her to have one in
the same office. This secretary had to “hot-desk” with the daytime personal assistant
(PA) to the department’s manager. The PA was very unhappy when the night owl
used her workstation and changed the settings of the chair or rearranged the work-
surface layout. She started leaving notes on the desk requesting that the night owl
simply use the workstation as it was without making any adjustments, or she would
ask her manager to deal with the matter. On that basis, the night owl would sit at the
workstation set up by the PA and use it as she found it. After about six months the
night owl started to experience pain in her right forearm and elbow. She was treated
by her doctor and was referred to the local hospital for cortisone injections. She was
eventually signed off work for five months as a result of her symptoms failing to
abate. It was at this point that the company realized it needed to take action to resolve
the situation.

Following an investigation into the workload of the night owl in question, it trans-
pired that the computer log of how work was completed was actually flawed and did
not offer an accurate account of what was done. It did not record the fact that several
secretaries might work on a single document throughout the night, one taking over
from the other, and the work was simply logged against the first secretary who initi-
ated the work. The computer log did not register unfinished work (work in progress),
and in some cases secretaries would forget to enter the finish time of the work, result-
ing in it being unlisted. Secretaries who finished their own work early would often
help others who were getting behind with their work. This would be logged under the
name of the secretary who should have been working on it. The company had there-
fore worked under the misapprehension that the workload was satisfactory, whereas,
once a more realistic account of the work was taken, it could be seen that more than
85% of the working hours was taken up with typing. The logging of work was altered
so that a fuller, more accurate appraisal of each secretary’s workload was recorded.

Although the company had introduced a hot-desking scheme and large numbers
of their employees shared workstations, there were no formal instructions or guid-
ance in place on how this should be managed. It appeared to be common practice for
the daytime staff to pull rank and make it awkward for night time workers to alter
the workstations so that they could work comfortably. Some of the daytime staff had
even taken to hiding their chairs at the end of the shift so that their desks could not
be used by anyone at night. The company started a new educational and instructional
campaign that promoted the proper use of workstation equipment and reinforced the
need for cooperation between staff members working on different shifts. They also
replaced elements of the workstation arrangements that were not flexible enough to
accommodate a range of users at the same workstation. For instance, fully function-
ing adjustable chairs were positioned at each desk. Prior to this program of change,
a number of the chairs did not function properly. Another change was to place all
of the monitors on articulating arms so that their height could be altered easily and
quickly. Although using platforms would have been a cheaper option for raising
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screens, changing their settings up to three times during each 24-hour period would
have been awkward, time-consuming and discouraging to users.

The night owls had previously been permitted to take one formal 30-minute
rest break, which constituted a meal break at about midnight, and were supposedly
permitted to take informal breaks to collects drinks. The night owls actually had a
perception that they were not allowed to leave their workstations at all until the meal
break. The workload was such that the individual described above was unable to
leave her workstation apart from her meal break anyway. The original, rather short-
sighted view of break taking by the company was highlighted by the fact that they
had sent a memo to all night owls suggesting that, instead of taking their 30-minute
meal break, they could work right through their shift and go home 30 minutes early at
the end of their shift. This would have resulted in most night owls working in excess
of six hours without any form of interruption. Following a review of the workload
and the break arrangements by knowledgeable personnel, the company recognized
that, owing to the pressures of the particular work performed by the night owls, they
should leave their workstations at least once an hour for about five minutes.

As the night owl in question had also previously worked through the night on her
own, which made her feel rather isolated, she was moved into the same work area as
the other night owls so that she had company. From a security point of view as well,
this was a more appropriate option.

14.5 CASE STUDY D

A CCTYV (closed circuit TV) room located in a purpose-built office block in a small
town was used to monitor activities in the town center. The purpose was to monitor
shoppers and to identify and track any individuals considered to be acting suspi-
ciously or in a threatening manner. The CCTV room was manned by two operators
at all times and three sets of operators worked successive eight-hour shifts so that
there was 24-hour coverage in the room. It was recognized that the operators’ work
was quite stressful. For instance, they might have to track a mugger across numerous
streets using the various cameras situated around the town, having witnessed an
attack on the monitors. They would have to relay the information back to the police so
that the mugger could be apprehended before they disappeared from view. Operators
were complaining about one-sided neck and shoulder discomfort, particularly if they
used the same workstation on every shift.

The single-span workstation used by the two operators (illustrated in Figure 14.1)
was constructed so that it had two symmetrical halves, with each half being used by
one operator. The worksurface was shaped so that it provided each operator with
their own L-shaped section. The point at which there was a bend in the surface so
that it formed the L-shape was not a smooth, rounded curve but instead was angled at
about 120°. The operators tended to locate their keyboards at this point, and the lead-
ing edges of the desk, which formed the angle, tended to push them back away from
the desk. This caused them to work at a greater distance from their keyboards.

The worksurface was about 400 mm in depth. The control console, which con-
tained six screens, was located at the rear of the work surface that formed the middle.
The depth of the worksurface resulted in the screens being too close for comfortable
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FIGURE 14.1 Illustration of CCTV workstation.

viewing. As they were fixed within the confines of a solid console, they could not
be pushed back. The location of the screens resulted in the operators moving their
chairs back away from the leading edge of the desk so that they sat at a more com-
fortable viewing distance; however, this simply increased their reaching distance to
the keyboards. The location of the console also affected the clearance under the desk
because it was an upright unit that was floor-mounted, thereby providing clearance
from front to back under the surface of only 400 mm. This was insufficient to allow
the operators freedom to move and change position easily.

The six screens in the console to the rear of the worksurface were positioned
so that the most frequently used screen was in the outermost position in the con-
sole—that is, to the left of the bend in the desk for the operator on the left and to the
right of the bend for the operator on the right. This screen was watched as the opera-
tors monitored an incident or situation in the town center. The screen positioned on
the inner side of the bend in the desk was used less frequently as a second reference.
In other words, as they watched someone on screen one, they might be able to predict
that they were about to head down a particular street and out of view of the camera
displaying them on screen one. While monitoring them on screen one, the operator
might prepare a camera on the street the subject was likely to move onto and display
this street on the second screen in advance of them moving onto it. The third screen
was used infrequently, mainly to freeze-frame a picture of an individual so that the
operator could provide a more detailed description of their appearance to the police.

Although the two screens used most frequently were positioned directly in front
of each operator, one of them was used significantly more than the other. As a result,
the operators had to look to either the left or right of their seated position, depending
on the side of the workstation they were using, to view the screen on the outside of
their workstations. This caused them to work with their heads turned to one side for
extended periods.

The worksurface was 65 mm thick. This limited the extent to which the opera-
tors could raise their chairs before their thighs came in contact with the undersurface
of the desk. The added effect of this limitation was that smaller operators could not
sit high enough relative to their keyboards and they were sitting too low to see over
the console at the rear of the worksurface. This was an absolute requirement of their



228 Office Ergonomics: Practical Applications

work because a further bank of screens was located on the wall at a distance behind
the desk console. They needed to be able to look at every screen mounted on the wall
and be able to see them easily.

The bank of screens mounted on the wall behind the desk was set up so that the
screens filled the entire wall area behind the double workstation. As a consequence,
when the operators scanned all the screens, they did not move their heads equal dis-
tances to the left and right. The operator seated to the left of the double workstation
looked further to the right, and the operator to the right of the workstation looked
further to the left.

The keyboards in use by the operators were not standard QWERTY keyboards.
They contained controls used to direct and focus the cameras. These were located
in the center of the keyboard and the operators tended to lean on the desk in front
of the keyboard and extend their fingers to reach the controls. This overreaching of
the fingers was likely to contribute to discomfort at the very least. The control was
a small lever with a small knob on the top and this was so small it could only be
gripped by the tips of the thumb, fore and middle fingers. A number of priority usage
control keys were positioned to the left of the keyboard, which resulted in right-
handed operators reaching across the body midline to operate them. In situations
where the operator telephoned the police while monitoring a situation, they clamped
the handset between their chin and shoulder while they continued to operate the
controls on the keyboard as they tracked an individual with the system.

The chairs in use were very large, with high backrests and head supports. They
were fitted with non-adjustable armrests that were bulky and interfered with the
positioning of the chair relative to the front of the desk. The lumbar support of the
fixed-height backrest did not offer suitable support to the backs of most operators.

After a full analysis of the work demands and the workstations already in use,
it was decided to replace the existing workstations. The worksurface remained a
conjoined unit with two symmetrical workstations. Figure 14.2 shows the orienta-
tion of the new workstation. The new orientation allowed the operators to move their
heads to the left and right by equal distances when viewing the bank of screens. The
leading edge of the workstation was curved in a horseshoe shape in the area where
the operator sat. The depth of the worksurface was increased to 500 mm. Leg clear-
ance under the worksurface was increased to 750 mm. The desk surface was reduced
in thickness to 25 mm. Frequently used items were located within 550 mm of an
operator’s seated position and this dimension was also used to position one operator
relative to another. The aim was to avoid the need to reach more than 550 mm when
passing an item, such as notebook, to a colleague. New, fully adjustable chairs were
provided and operators were given a briefing on the postures to adopt when working.
The priority screen was positioned directly in front of the operator in the console and
the second and third screens were positioned at either side of the priority screen. A
new keyboard was designed that incorporated a joystick in the center to replace the
lever and priority keys were positioned more centrally. Telephone headsets replaced
the handsets.
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A: Current screen bank. E: Outer boundary of proposed viewing angle.

B: Centre line dividing screen bank and ~ F: Horizontal line of sight for new workstation orientation.
double workstation. G: 500 mm width of proposed worksurface.

C: Current workstation orientation. H: 550 mm proposed reaching distance to second operator.

D: Proposed workstation orientation.

FIGURE 14.2 Tllustration of suggested workstation layout.
14.6 CASE STUDY E

The organization in question was a health insurance company. The keyboard opera-
tors in one of its offices processed health insurance inquiry forms and claims forms
following medical treatment. They had been provided with new 19-inch screens.
Within a short time, a number of users started to report symptoms such as eye
fatigue, headaches, upper limb discomfort and increased stress.

The investigation into the complaints about discomfort focused on the introduc-
tion of the large screens. These had been introduced in an attempt to display large
quantities of information so users could refer to it without the need to open and close
numerous windows. The screens had been located, as standard, on top of the hard
drives by personnel from the IT department. This raised them above the surface by
155 mm. The screen was of such a size that once it was located on top of the hard
drive, portions of the displayed information were presented above the user’s horizon-
tal line of sight. As a result, users had to look up when reading information toward
the top of the screen. The combination of having to look up and then look down at the
remainder of the screen resulted in excessive eye movement. Positioning the screen
on the hard drive resulted in the whole screen being at such a height above the desk
surface that users tended to sit with their heads fully upright as they looked at the
screen. Users who can work in a relaxed position will find that their heads naturally
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drop forward slightly. Maintaining an erect posture of the head when reading the
screen was much more fatiguing for the muscles involved.

The majority of users in the office had never received any training in keyboard
skills. As a consequence, they tended to glance at the keyboard to ensure they were
depressing the keys correctly, then raised their heads again to refer to the screen. Due
to the size of the screen and its height above the worksurface, this practice resulted
in repeated, large vertical movements of the head. The situation was compounded
by the location of source documents on the surface to the left of the keyboard. This
also required movement of the head as users transferred their attention between the
documents and the screen. Some users chose to position their documents directly in
front of the keyboard, which resulted in the keyboard being pushed forward on the
desk, and this made them reach as they operated the keyboard. Mice were typically
located at a distance from the seated user, which also resulted in reaching.

The chair style in use was adjustable for height, but many of the chairs were mal-
functioning and users were unable to alter the height settings. They were also fitted
with fixed armrests and commonly restricted where the user could sit relative to the
leading edge of the desk. Posture and use of the chair were poor, with many users
sitting too low relative to their desks.

Lighting levels in the office ranged from 150 lux to 320 lux, which was too dark
for any task to be completed comfortably.

Many of the paper documents that users would have worked with previously
were now scanned in a dedicated department before being stored electronically, and
the users could access them when needed. For example, an individual might make a
claim to recover the expenses incurred during treatment and would have submitted
a claims form which they had manually completed, along with a copy of relevant
documents such as invoices from treating physicians or hospitals. Previously, the
computer user would have had all of these documents as hard copies. Once the new
screens were introduced, users had access only to scanned copies of these documents,
which were presented on the screen.

The scanned documents were frequently difficult to read for a number of reasons.
Some were hand-written documents that did not always scan clearly, especially if the
writer’s handwriting was poor. Some of the paper used originally may have been of
inferior quality, which caused the print to deteriorate, or the print might have been
small when originally typed. The keyboard operators did have the option of using
a magnification tool on their software to expand sections of the scanned documents
to make them easier to read. However, most avoided using this facility for a number
of reasons. They found that using magnification increased the time taken to process
the information, and they already felt under pressure to work as quickly as possible.
Once they magnified the document, only portions of it were visible on the screen at
any one time because the remainder of it was obscured by two other windows that
had to be open at the same time. The scanned document could be dragged around the
screen so that, in effect, hidden parts became visible when pulled out from behind
another window; however, this also increased processing time. Observations of the
workers trying to read the scanned documents without using the magnification tool
indicated that they tended to squint at the screen and lean forward in their seats.
It was evident that the new screen display was not only more difficult to read but also



Case Studies 231

took longer to read because it was not clear. Those who worked with the aid of the
magnification tool reported the least amount of discomfort.

In addition to difficulties in reading the scanned documents, the workers also
had difficulty in reading the characters on the other two windows displayed simulta-
neously. These windows had been designed specifically for this organization and the
work it performed. Some of the lowercase characters were indistinguishable, which
made some of the words unreadable at normal viewing distances. This resulted from
a number of factors. The characters were too small for the likely distance at which
they would be viewed by the seated user. The character size varied within windows
and between windows. The characters were too close together. The characters did
not have a sharp image except where they were in boldface. In some areas black
characters were displayed on a gray background, which made them less distinct, and
in other areas gray characters were displayed on a white background, which had the
same effect. When the cursor was placed in specific boxes within the windows, the
box became highlighted in blue to identify where users were working at that point.
When they typed information into the box it appeared in white, and the blue was so
overpowering that it made the text difficult to read unless the user chose to type in
capitals. Some users were aware that they could change the color combinations and
had, inadvertently, chosen combinations that worsened the situation. For instance,
some had chosen a blue foreground and a green background.

At the start of their work, users moved from a “Start” screen into a series of
windows. The “Start” screen was particularly easy to read, which made the contrast of
the following badly designed screen appear even more extreme. Parts of the text boxes
contained personal information relating to individual claims, which users needed to
read when adding further information. However, this had been designed so that only
two- or three-word phrases were presented at one time, rather than a whole paragraph
of information. These short sentences did not provide readers with cues that would
help them build up a picture of what the next word in the sentence would be. There-
fore, it took them longer to read the information and required greater concentration.

As a means to combat the complaints of headaches, eye fatigue, and other
discomfort, it was recommended in the short term that users be permitted to take
hourly breaks away from their workstations. Prior to that, users were supposed to
take breaks when they needed them, as opposed to formal breaks, but the pressure
of work and the pressure exerted by team leaders was such that they tended to remain
at their desks except at lunchtime.

When attention was turned to the screen design, it was accepted that the reduc-
tion in character size had been done as a means to reduce the number of individual
screens that needed to be opened and navigated between. Moving between separate
screens would have resulted in increased mouse work, which could have brought
problems of its own. However, it was established that, although it was not appropri-
ate to change the character size, it was possible to increase legibility through other
means. Areas where bold could be used more effectively were identified. The color
combinations in terms of foreground and background were changed, and the font
style was changed to a more upright style with more distinct characters with more
distinctive ascenders and descenders, as in “b” and “j”. The new display was trialed
by users before full implementation.



232 Office Ergonomics: Practical Applications

Users were given instruction in the use of their workstation equipment and the
appropriate postures to adopt. They were advised about the most suitable positioning
of the keyboard and mouse and were required to use a document holder to support
their documents, rather than placing them on the desk surface. They were also
advised to pull their telephones closer to their seated position so they did not have to
reach when answering them. Those who used the telephone regularly were provided
with headsets.

14.7 CASE STUDY F

An organization became aware that a number of its sales representatives (“sales
reps”) had complained about backache, which they related to the use and transporta-
tion of their laptop computers. Although each sales rep had a particular office as a
base, they tended to work in satellite offices set up on a temporary basis in different
parts of the country they covered in the course of their work. They might remain in
a satellite office between one and three months at a time before moving to another,
and they might share the site with up to eight other sales reps. They spent only part
of the day in the satellite office, and the remainder visiting clients at their own sites.
Because of their workload and their desire to earn a significant bonus, the reps also
spent several hours working at home at night.

The satellite offices could be established in any convenient location. For instance,
the reps might be given a small conference room in a hotel, they might rent offices
in a purpose-built office block or they might be assigned an office in another branch
of their own company. In all cases, they could not predict what workstation furniture
would be available at the given sites. In the hotels, it was not uncommon for them
to be provided with a four-legged conference-style chair and a table taken from the
restaurant. Occasionally the hotel offered only bedrooms, where the sales reps had
to work on the dressing table, the coffee table or the bed.

When working in offices other than their own base, they tended to be given the
left-over furniture. It was not uncommon for them to be given adjustable chairs that
no longer functioned properly and desks that were small and often being used to
store surplus equipment, such as a printer no longer in use. All in all, the sales reps
were expected to use whatever was given to them and they tended to adopt working
postures that were dictated by the design and dimensions of these items. As the
sales reps tended to work in hot-desking arrangements with other sales reps, it was
not uncommon for them to have equipment that could not be adjusted to suit each
individual who might use a workstation.

A significant proportion of the working day was spent on the road traveling
between clients and spending time at the client’s sites discussing the work that
needed to be done. The laptop was an important feature of the work they carried out
when away from the office premises. The laptop was carried in a black zip-up bag
along with a small printer. The printer was taken to the site so that a proposal could
be printed on the spot for the client to consider, or so a contract could be printed once
the client had agreed to the contents, so that it could be signed immediately. The bag
containing the laptop and printer weighed 9 kg. Although it could be carried close
to the rep’s body when being taken into a client’s site, it was not handled so well



Case Studies 233

when being removed from the rep’s car. They frequently placed the bag containing
the equipment on the front passenger seat or in the front passenger footwell. As they
left the driver’s seat, they would typically reach across the car, grip the bag, then
drag it across the seat before pulling it out through the door as they left the vehicle.
They clearly did not appreciate the need to handle this load with care when within
the car. This lack of awareness was due to the fact that they had never received
manual handling training. They also did not appreciate the safety aspects of driving
a vehicle with valuable equipment in full view that would attract thieves, especially
when stationary. They did not realize that it was unsafe to have an unsecured load in
the car that could move around uncontrollably in the event of a collision, potentially
causing injury.

In addition to the bag of equipment, the reps tended to take briefcases containing
a range of documents they might need to refer to at their meetings. The weight of the
briefcases varied, but the lightest measured was 3.5 kg. It was found that the weight
fluctuated quite significantly depending on the style of the bags being used as brief-
cases. For instance, pilot bags were used because they are durable, but this resulted
in them being bulky and heavy. In addition, because they were rather large, they
increased the potential for reps to place more items inside them, which increased the
weight still further.

Once the reps arrived at the client’s site, they typically placed all of their bags
on the floor at the base of the seat where they sat during discussions with the client.
As the meeting progressed, they would remove various documents from the brief-
case and would remove the laptop, printer and required cables from their case. The
reps did so while remaining seated, which resulted in them bending at the waist as
they reached to floor level. They also tended to twist to one side because the bags
were generally placed to the side rather than in front of them. These postures were
repeated at the end of the consultation as they returned the equipment and documents
to the bags. When the reps left the client’s site, they returned to the car and typically
sat in the driver’s seat, took the laptop out of the case and typed up some notes before
moving to the next meeting. This process was repeated at the next client’s site.

When the reps used the laptop while sitting in the driver’s seat, they either
placed the laptop on their laps as they worked or supported it on the steering wheel,
using add-on brackets. When working on their laps, they tended to look down at an
extreme angle. When the laptop was supported on the steering wheel, they tended to
work with their arms raised. Reps could remain in this position for between five and
30 minutes, depending on how detailed they needed to make their notes.

At the end of the working day the reps returned home and frequently spent up
to three hours per night completing work, using their laptops. They had not been
provided with any workstation furniture to use at home, and they tended to work in
their living rooms sitting on large, soft armchairs with the laptop on a coffee table;
or they sat on stools with the laptop on the narrow breakfast bar in their kitchen. One
rep, who shared a small flat with his parents and brother, set an ironing board up in
his bedroom along side his bed and placed his laptop on the ironing board; he sat on
the bed when working.

Following a full analysis of exactly what was occurring on a typical working
day when away from their office base, the reps’ employers decided that they would
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prepare a tick list of required items and send this list in advance to any satellite office.
As part of the contract when agreeing to take space for the allotted time period in
the satellite offices, the employers requested that simple desks and fully adjustable
chairs be made available. The reps were given training in the use of adjustable chairs
and advice on how to arrange their workstations so that they could work comfortably.
They were also given separate keyboards and mice to use with the laptops when
working from the satellite office or home. Those reps who frequently finished work
at night were given desks and adjustable chairs for use at home. They were allowed
some flexibility in what was selected for use in the home so that it suited the style of
their house. This was done with tight control to ensure it was acceptable.

Manual handling training was given to all reps and this was tailored specifically
to the type of handling they performed and the range of environments in which they
would work. They were given advice about how to store bags in their vehicles during
transportation and how to remove these items once they arrived. They were also
instructed to limit the amount of additional material they took with them to a client’s
site. Instead of taking documents with them they were advised either to have the
information on their laptop or to e-mail information to the client in advance. It was
also decided that it was not necessary to take the printer to the sites. More work could
be done by e-mail prior to the visit and a final version of the contract could be taken
to the meeting or e-mailed later. If signatures were required, clients could simply
print off an e-mailed version of the contract, sign it, and fax it back—assuming they
did not choose to scan the signed document and e-mail that back to the rep.

The reps were provided with small wheeled bags in place of their larger brief-
cases. The small size limited what could be placed inside them and the wheels
reduced the need to carry the equipment. It was accepted that this would not be help-
ful in all circumstances—for example, if the wheeled bag had to be taken up steps
or be pulled across gravel—but it would generally improve the manual handling
element. Because some reps thought that the wheeled bag reduced their credibility, a
number of backpacks were trialed. The reps were advised that the backpacks should
be worn across the back and supported on both shoulders rather than suspended
off one shoulder. They were given a strict weight limit for the bag and were not
permitted to exceed it. The bags had to placed on the back and then removed without
any jerky, throwing movements. The wheeled bag and backpack selected for use did
not bear any logo that indicated a laptop was being carried which reduced concerns
about possible mugging. The reps were advised that all bags and equipment had to
be stored in the trunk of the car during transportation.

During the trials of wheeled bags and backpacks, other options were consid-
ered—for instance, a pilot’s case on wheels was considered and the manufacturer of
the case produced a type of “saddlebag” that could be fitted over the case, using the
central handle to secure it in place. It was intended that the saddlebags could be used
for the laptop and related items such as cables and mice. The pilot’s case was rejected
on the basis that it was quite large, so it was likely that over time the reps would not
be able to resist the temptation of filling it to capacity, making it extremely heavy. It
was also determined that using the saddlebags could increase the total load weight
quite significantly, which would prove problematic when the bags had to be carried
up steps or over rough ground.
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It was accepted that little control could be exerted over the layout of a client’s
site. However, it was within the control of the reps to change the way they worked.
They were given additional training specifically designed to guide them through
adapting their working practices at each site in order to exploit the available work-
surfaces around them as they talked to clients. They were encouraged to place the
bag containing the laptop on a table or even a chair next to them rather than on the
floor. If these surfaces were not available they were advised to get off the chair and
lower themselves by moderately bending their knees before removing the contents
from the bag. Alternatively, they could lift the bag onto their laps before trying to
remove the contents.

The reps were advised that they should avoid using their laptops in a vehicle
whenever possible. If they felt that this was unavoidable, they were given a set of
guiding principles that they were expected to follow. They should sit in the front
passenger seat, having switched off the airbag if present. They should push the seat
back to provide more leg room. They were given a beanbag-type cushion on which to
rest the laptop, which made it more stable on the lap and raised it to an extent.
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family, 72
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legibility, 71

lowercase, 79

readability, 72

stroke width, 79

typeface, 79

underlining, 77

upper case, 79
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Hormones, 162

Hot desking, 16

Humidity, 144, 147-148, 150

ITluminance, 138, 142, 150
Impairment of limb function, 171, 176, 187
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Intra-abdominal pressure, 153
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Keyboard trays, 18
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infrared, 84
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switch make force, 83
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Keyguards, 193
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Laptop computers, 54-58
Laptop keyboard, 55-57, 62
Lateral epicondylitis, 176
Leadership, 129, 132
Leaflets, 121, 124, 132
Learning methods, 118
Learning styles, 117-118, 132
Lectures, 120, 132

Leg room, 60

Leisure pursuits, 178, 182
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Lighting, 138-144

Liquid crystal displays, 54
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Lone workers, 110
Long-term memory, 66—70
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Lumbar region, 184
Lumbar support, 9, 14
Lumbar vertebrae, 2, 12
Luminance, 138-139, 143, 150
Luminous flux, 138
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Management, 129
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Mechanical assistance, 154-156
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Mice, 4, 5, 6, 10, 13, 19, 21, 25-26, 30, 85-87

Mnemonics, 67, 69, 78
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Mouse keys, 193, 198

Mouth sticks, 193
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Musculoskeletal disorders, 55, 169, 179

N

Narrow walkways, 161

Neck muscles, 55

Neck pain, 27

Neck posture, 10, 14

Negative reinforcement, 129, 132
Networks, 58, 63

Night-time workers, 107-108, 113
Noise, 133-138

Noise perfuming, 137
Non-screen based, 103, 113
Normal work area, 21, 30
Notetakers, 195

Nucleus pulposus, 3

o

Older workers, 162

One-to-one coaching, 120, 123-124, 132
Open-plan offices, 22-23

Optical character recognition systems, 195
Optical head pointing, 192

Optimum reaching distance, 21

Oral contraceptives, 175

Oscillations, 133

Osteoarthritis, 177-178

Osteoarthrosis, 177-178

Overhead clearance, 161

Overhead work, 177, 188

Overtime, 104-105

P

Palmar fascia, 175

Partitions, 22-23

Passive types, 118

PDAs (Personal Digital Assistants), 10, 55, 58
Pedestal drawers, 22

Personal characteristics, 107, 113
Personal development plans, 119, 131
Petite females, 16

Physical impairments, 189, 197
Physical suitability, 162
Physiological needs, 105

Pitch, 133, 135, 149

Planning and preparation, 161, 164
Point size, 71, 79
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Pointing sticks, 56, 57
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Posture, 4-12

Practical skills, 162
Pragmatists, 117-118
Predictive software, 194
Preferred viewing angle, 10
Pregnancy, 164, 168
Primary work area, 21
Proactive interference, 69, 79
Problem solving, 39
Prolapse, 3, 13, 153
Protanopia, 74

Prototype, 39

Prototyping, 39
Psychosocial factors, 182
Pucks, 85, 87

Pulling, 154, 155-156, 166
Punishment, 129-130, 132
Pushing, 154, 155-156, 166

Q

Qualitative assessment, 126
Qualitative overload, 186
Quantifiable assessment, 128
Quantitative overload, 186
Questionnaires, 36, 40-41, 51

R

Radiation, 145, 147

Ramp, 161

Ranking scales, 41, 51

Rating scales, 40-41, 51
Raynaud’s phenomenon, 176
Reaction time, 107, 110, 113
Reading slopes, 29

Recall, 69, 78, 79

Recognition, 69, 70, 71-72
Recuperation, 104, 110
Reflectance, 138, 139
Reflected glare, 138
Reflectors, 117, 118

Refresher training, 129
Rehabilitation, 183

Rehearsal, 66, 69, 78
Repetition, 178-179
Repression

Resistance, 49, 51

Resistance to change, 111-112, 114
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Resting, 104, 113

Retrieval, 67, 69

Retroactive interference, 69, 79
Reverberation, 135, 149
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Rewards, 129, 131

Risk, 199-200

Risk assessment, 118-119, 121, 132, 199-202
Risk control measures, 199, 201

Risk matrix, 199-202

Role ambiguity, 186, 188

Role conflict, 186, 188

Rotating shift pattern, 106

Rotation, 100, 107, 109, 113

Rotator cuff tendinitis, 177

S

Safe system of work, 104

Safety critical situations, 107, 109-110
Safety needs, 105

Safety risks, 199

Safety shoes, 163

Schemata, 66—-67, 78

Sciatica, 4, 13

Screen, 5, 10-11, 14

Screen readers, 194-195, 196, 198
Screen risers, 28

Screen-based work, 54, 62, 101, 103-104, 113
Scripts, 67, 78

Scrolling, 76, 80

Seasonal affective disorder, 142
Seated handlers, 158

Secondary work area, 21
Sedentary tasks, 110

Sedentary workers, 147-148
Self-actualization, 106
Self-assessments, 12, 14
Self-esteem needs, 105
Self-selection, 163

Sensory memory, 65, 66, 78
Shelves, 155, 156-158

Shift work, 106110

Shivering, 145

Short-term memory, 66

Sleep deprivation, 107, 109
Slipped disc, 3

Slope, 155-156, 159, 167, 168
Slump, 1, 5, 13

Smoking, 186

Social needs, 105

Sound, 133-137, 149

Sound absorbers, 135, 149
Spine, 2—-4, 13

Split shifts, 109

Staff morale, 186, 188

Standard keyboards, 56, 62
Static muscle activity, 169, 180
Static muscle work, 4, 5-6, 13, 180
Stenosing tenosynovitis, 174, 187
Steps, 159, 161, 164, 168
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Sticky keys, 193, 198 chronic pain, 171

Stooping, 22, 30 cumulative trauma disorders, 169, 181
Strength capacity, 162, 168 dynamic muscle work, 169

Stress, 185-186 extension, 169-170, 176, 187
Stretching, 4, 13 flexion, 169-170

Subheadings, 76, 80 forceful gripping, 174-175, 187
Sudden changes, 49, 101 irregular wrist positions, 169-172, 175, 187
Supervisors, 117, 126, 129, 131, 132 numbness, 171, 175, 176, 177, 187, 188
Sweating, 145, 147-149 overextension, 169, 187

Switches, 192, 194 pins and needles, 171, 187

Synovial sheath, 172, 174, 175, 177 pronation, 170

radial deviation, 169-170
responding to, 183—184

T static muscle effort, 169, 180, 188
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Tablets and pens, 89-90 swelling, 171, 173, 175, 187
Tall men, 16, 29 tingling, 171, 175, 176, 187
Task analysis, 34-37 types of, 172-173
information collection, 3637 ulnar deviation, 169-170
recording information, 37 unaccustomed work, 174, 187

starting the procedure, 35-36
Task fitness, 101, 113

Teaching style, 117, 132 \Vj

Team handling, 159

Telephone headsets, 28—29 Vasoconstriction, 145

Temperature, 144-149, 150 Vasodilation, 145

Tendinitis, 177 Veiling reflections, 143

Tennis elbow, 176 Vertebral column, 153
Tenosynovitis, 172—174 Vertical divisions, 111

Theorists, 118 Vibration, 175-176, 182, 187
Thermal comfort, 144—-149 Vibration white finger, 176
Thermal environment, 145, 147, 150 Videos, 120, 123, 132

Thin film transistor (TFT) technology, 54 Visual fatigue, 184185

Thoracic outlet syndrome, 177 Visual impairment, 190, 192, 194-196
Thoracic vertebrae, 2, 12 Voice in-voice out systems, 195, 198
Tilting seat, 5 Voice recognition software, 90-91
Tip of the tongue, 69 Voice synthesizers, 195

Touchpads, 57, 62, 87-88
Touchscreens, 89

Trackballs, 88 W

Trainers, 118, 120-126, 129, 131, 132

Training, 115-116, 164—-166 Warning messages, 72

Trial manager, 33, 39-41, 51 Warnings, 124, 130, 132

Trials, 37-41 Wheelchairs, 190-192, 193, 196, 197, 198
Trigger finger, 174, 187 Wired networks, 58, 63

Tritanopia, 74 Wireless LANS, 58, 63

Trolleys, 154-156, 157, 158-161, 164, 166, 167 Wireless personal area networks, 58, 63
Twisting, 4, 13, 18, 22, 30 Wireless technology, 15, 58—-59

Wireless WANS, 58, 63
Women, 162, 164, 168

§] Work demands, 156-159
Work hardening, 101-102, 113
Undesirable behavior, 129-130 Work rate, 101-102
Unfamiliar loads, 160, 164 Working from home, 59-60
Upper limb disorder, 3, 7, 9, 169-184 Working remotely, 58, 59
abduction, 170 Working within vehicles, 60—62
adduction, 170 Work-rest schedule, 104, 113

causes, 178 Worksurface design, 18-21
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Worksurface layout, 21-22 y4

Workwear, 163
Wristrests, 27, 31 Zone of convenient reach, 21, 30
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